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ABSTRACT 
Knowledge of computer programming brings both 
cognitive and social benefits, and yet there is a noticeable 
decline in students willing to pursue this skill. This is a 
problem particularly for those of non-computational 
backgrounds, who are being bypassed by the possible 
benefits of programming ability due to negative attitudes.  

Such attitudes develop through perceived subject difficulty 
and low perceived competence at programming. A 
promising method for overcoming these motivational 
barriers are digital educational games, due to their focus on 
user engagement. This paper presents design 
recommendations for Code Red, an adventure game which 
incorporates narrative, interactivity, aesthetics, and a clear 
explanation relating the content to real life to engage 
learners with programming.  

Code Red was developed though a playcentric, iterative 
design process, and evaluated with 31 students of non-
computational degrees. The game significantly increased 
user motivation, and its design features were received 
positively. Design recommendations and implications for 
future work are discussed to ensure the benefits of 
programming can truly be made accessible to all.   
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1. INTRODUCTION 
The domain of computer programming is facing a grave 
issue: less and less young people want to study the skill. As 
of 2017, computer science – the university degree which 
consists of the highest proportion of programming-based 
content - is the degree with the highest drop-out rate in the 
UK, at 10.7% [33]. This drop-out rate has been specifically 
attributed to difficulties with the programming elements of 
the degree [5].  
 
One reason for such difficulties is poor design of the way 
programming content is taught, minimising opportunity to 
practise. This leaves students confused and frustrated. A 
further reason is the lack of development of higher-level 
thinking skills such as problem-solving, which are essential 
for success in programming, and yet often overlooked in 
teaching [2].  
 
As well as a lack of enthusiasm from students of 
programming-based degrees, there is a similar reluctance to 
learn the skill from students in other subject areas. This is 
concerning, as this demographic could also highly benefit 
from knowing programming, seeing as not only is it a skill 
which is generally beneficial for cognitive function [73], 
but (relatedly) is a desired quality for employment in many 
sectors [7]. However, a lack of motivation to learn is 
prevalent amongst many. This means many students are not 
reaping the benefits they otherwise could.  
 
Data obtained both through self-report [45] and in practice 
[74] has shown that a lack of motivation is the biggest 
barrier towards learning to code. Causes for this include 
reflection on previous bad experiences [1], and perceiving 
programming tasks as more difficult than they actually are 
[11]. This creates a cyclical effect: one negative experience 
with attempting programming leads to low perceived 
competence and negative attitudes towards learning the 
skill, lowering motivation of pursuing it further.   
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One promising method of tackling the barrier of motivation 
is the implementation of digital games. Gibson and Bell 
[33] conducted a review of existing computer science 
games and found that such games facilitate motivation to 
engage with the content, which in turn leads to better 
understanding of the topic. Moreover, Long [49] tested the 
impact of games specifically in teaching programming and 
showed that motivation to learn was enhanced by the 
opportunity to practice existing skills and learn new ones.  
 
While games may have a positive impact on learning 
programming, the effects of their implementation have not 
been explored in great depth. Research has considered 
primarily students of programming-based degrees. Thus, 
there is little evidence to indicate whether games can be a 
useful medium for motivating students from other 
backgrounds to learn programming - a skill just as useful 
for them as for students of computational backgrounds. Or 
is it a medium which requires a certain background as a 
pre-requisite for success? 
 
The aim of the current study is to design a game to increase 
intrinsic motivation to learn programming in students of 
non-computational disciplines. The focus was not on 
learning outcomes, but specifically on increasing 
motivation to foster interest in the subject. The approach to 
investigating this aim was twofold: first a design process 
was conducted to create the game, and secondly this game 
design was evaluated by users for effectiveness.   
 
To meet the design challenge of constructing such a game, 
a playcentric iterative design process was conducted. 
Design goals were identified through user research 
primarily as to show relevance of programming towards 
user needs and goals, and to present programming as 
accessible and manageable. A series of iterative design 
phases were completed, resulting in a functional software 
prototype. User feedback was gathered at every stage to 
elicit input for future iterations of the design.  
 
User evaluation was conducted on the software prototype to 
see whether the design had a significant impact on user 
motivation to learn programming, and to compare this 
impact with an existing training resource for programming. 
The results of the evaluation, which showed the game 
significantly increased user motivation, are discussed.  
 

1.1 Contribution  
The concluding contribution of this project is to 
demonstrate that games are an effective method of 
increasing motivation in students of non-computational 
degrees, and to propose design recommendations for the 
further optimisation of such games. Ultimately, the hope is 
to dispel negative attitudes towards coding and make 
learning the skill attainable for a wider audience rather than 
just members of a specific background.  

1.2 Code Red  

 
Figure 1. Example of a Code Red level from the software 

prototype.  
 
The final game design idea is of an adventure game with a 
narrative of an impending nuclear apocalypse. The player’s 
mission in the game is to prevent the apocalypse from 
happening by making their way to a certain in-game 
location and completing the challenges presented to them 
en route (Figure 1).  
 
The game takes on a first-person perspective, and the player 
moves using arrow keys. They click on objects to reveal 
challenges, and on in-game characters to interact with them.  
 
The tasks in the game are based on higher-level thinking 
skills such as problem-solving and logic, which are 
applicable to programming. The tasks are structured to 
begin with a key concept, followed by a challenge, and 
finally a key takeaway message, which relates the learned 
concept both to programming and to the player’s everyday 
life (Figure 2). The challenges are of a ‘drag and drop’ 
format, so players construct code from predefined blocks. 
The theme of all the challenges is relevant to the player’s 
in-game progression and the apocalypse narrative. The 
tasks increase in difficulty as the player progresses through 
the game.  
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Figure 2. Example task content from the software prototype. 

 
When the player successfully completes all the challenges 
and reaches the end of the game, they watch an animation 
of the world being saved, and see a message explaining 
how programming can be relevant to everyday life, and 
how it can build different skills.  

2. LITERATURE REVIEW 
To design for effective learning, one must first understand 
the process of learning itself, and why intrinsic motivation 
is central to this process. It is also important to understand 
why games are effective facilitators of motivation, and how 
a game can be designed to increase motivation in learning 
programming.  

2.1 Theories of learning 
Learning is defined as ‘a persisting change in human 
performance or performance potential which must come 
about as a result of the learner’s experience and interaction 
with the world.’ [23]. This process occurs over the whole 
human lifespan [11] and is fundamental to human survival.  

Three theories most implemented in structuring educational 
environments are behaviourism, cognitivism, and 
constructivism [77].  

Behaviourism is associated with the work of Pavlov [59] 
and Skinner [78] and proposes that learning occurs when 
new behaviours are acquired through associations between 
stimuli and responses. Consequences which support the 
desired behaviour reinforce the stimulus-response 
relationship. Incorporating this into education emphasises 
practice and repetition to shape learning behaviour [90].  

The main argument of cognitivism is the impact of thought 
on behaviour. Cognitivists view learning as a process of 

inputs, with the memory system holding a central role in the 
processing of information [53]. According to cognitivism, 
learning is a combination of receiving, processing, and 
organising information into existing schema [27].  

However, both behaviourism and cognitivism have been 
criticised for their emphasis on learning as a linear process, 
considering purely the act itself rather than the external 
context or the goals and needs of the individual [77]. This 
has led to a paradigm shift: learning is now being 
considered in terms of the desires and ambitions of the 
learner, rather than the design of the instructional method 
[13]. 

The dominant theory for modern education is 
constructivism [43,57]. The fundamental argument of 
constructivism is that meaningful learning involves the 
active creation and modification of knowledge [9] and thus 
the learner takes on an exploratory role, likened to a 
scientist in the way they make sense of their world through 
accumulating evidence to test the hypotheses they make 
[24].  
 
Furthermore, knowledge construction is not viewed as a 
solitary act, but through its relationship with previous 
knowledge of the learner, which influences any newly 
constructed schema. Four characteristics central to learning 
according to constructivism have been summarised by 
Brunning, Schraw and Ronning [6]: learners construct their 
own meaning, authentic learning tasks are crucial for 
meaningful learning, learning is dependent on existing 
understanding, and social interaction has an impact. Those 
characteristics encompass the concept of the active learner 
while acknowledging the presence of the social context.  
 
2.2 Theories of intrinsic motivation  
By the very logic of constructivism, the concept of the 
student as an active learner relies on the fundamental 
concept of motivation. To be motivated is defined as being 
moved to do something [67] and a motivated individual is 
conceptualised as someone who is energised towards 
achieving a specific end. Motivation is further separated by 
its orientation: intrinsic motivation, which involves doing 
something because it is inherently interesting and 
enjoyable, and extrinsic motivation, by which doing 
something leads to an external, separable outcome. In the 
constructivist model, a learner cannot construct their 
knowledge and actively engage in their own education 
unless they are motivated to do so [57] and thus according 
to constructivism, motivation is a fundamental component 
of learning.  
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Intrinsic motivation in particular has been highlighted as an 
important process for learning [67] and has been 
consistently linked to positive academic 
performance.  Grolnick and Ryan [34] found that 
elementary school students who reported more autonomous 
motivation for doing schoolwork demonstrated greater 
conceptual learning and increased memory than children 
who reported lower levels of motivation. Similar results 
were demonstrated with an older demographic of college 
students by Benware and Deci [4]: students who learned 
text material for practical application reported more 
intrinsic motivation and showed enhanced conceptual 
understanding than students who learned the material 
purely to be tested. Tella [83] gathered data on academic 
performance through achievement tests in secondary-school 
maths and found that highly intrinsically-motivated students 
performed better academically than less motivated students. 
Moreover, Liu et al. [48] manipulated intrinsic motivation 
across 3 conditions and demonstrated a causal relationship 
between intrinsic motivation and SAT scores, even with a 
substantial performance gap across students in different 
motivational conditions. This plethora of evidence leads to 
the general conclusion that there is a relationship between 
high levels of motivation and academic performance, 
supporting the importance of understanding and fostering 
intrinsic motivation in learning.  
 
Across contemporary theories of intrinsic motivation, the 
common themes involve the perceived competence of the 
individual and perceived value of the task [12]. All theories 
involve a cognitive component, presuming the active 
involvement of personal processes in the task, and a 
reciprocal interaction between individuals and their socio-
environmental context - both of which relate directly to the 
postulations of constructivism.  
 
One prominent perspective on intrinsic motivation is the 
expectancy-value theory [89]. This theory argues that an 
individual’s motivation towards completing a task depends 
on the degree to which they believe they will be successful 
if they attempt the task, and the degree to which they 
perceive the task as holding a personal importance to them 
[25]. This theory has been supported by seminal empirical 
studies addressing the relationship between ability beliefs, 
expectancies for success, and subjective valence with 
academic performance and activity choice, which found 
direct prediction for the outcomes [26] and more modern 
studies investigating predictors of course-taking behaviours 
and utility value in college [61]. Recently, the theory has 

been adapted to account for the relationship of cost with 
expectancy-value and its impact on motivation, which has 
been shown to have an impact on student outcomes. Low 
expectancy causes higher cost, and cost components are 
significantly related to performance and long-term interest 
measures, making it a robust part of the expectancy-value 
framework [28]. 
 
2.3 Intrinsic motivation in learning programming 
Given that motivation is crucial to learning, a lack of this 
direction to behaviour could have detrimental effects to 
other aspects of learning.  
 
An example of an area of education suffering in learning 
outcomes due to lack of student intrinsic motivation is 
computer programming: the process of building a computer 
program for accomplishing a certain task [3]. Programming 
draws on many cognitive skills, encompassing logic, 
problem-solving and error identification. The domain 
consists of a variety of different languages, which vary 
based on required application but all maintain similar 
underlying principles, such as input, output, and arithmetic 
[22].  
 
However, the subject is far from easy to master: 
programming incorporates the understanding of many 
abstract concepts and thought skills, which are difficult to 
teach and comprehend [54,75]. Indeed, many students 
struggle even with basic concepts, such as variables 
[70,79]. Lack of understanding of the required way of 
thought, such as problem-solving, leads to severe difficulty 
in mastering the subject [2].  
 
These bad experiences in turn lead to the development of 
negative attitudes towards programming, making learners 
less likely to pursue the skill; according to the expectancy-
value theory, a low expectancy competence coupled with a 
high cost leads to low motivation [28]. Moreover, this 
effect is exacerbated by low perceived competence, which 
stems from anxiety working with computers – again, a 
product of negative attitudes and experiences [2].  Indeed, 
across the world, the number of students in programming-
related disciplines is shrinking, and retention of interest in 
the field is becoming an urgent concern [14,42].  
 
Learning to code may be difficult but has many benefits and 
applications. The ACM and IEEE computer society states 
that “computer science is becoming one of the core 
disciplines of a 21st century university education, that is, 
something that any educated individual must possess some 
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level some level of proficiency and understanding of 
proficiency and understanding” [30]. Moreover, knowledge 
of programming leads to positive cognitive outcomes in 
other domains. Liao and Bright [47] found that students 
who had experience in computer programming scored about 
16% higher on various cognitive ability tests than students 
who did not have any programming experience, and 
Scherer et al. [73] in a meta-analysis of 105 studies, showed 
that learning programming had positive transfer effects for 
situations which required creative thinking, mathematical 
skills, and metacognition. Thus, learning programming is a 
useful skill, and motivation to pursue this should be 
targeted and encouraged.  
 
Furthermore, in a society which is embracing its 
relationship with technology, programming is increasingly 
becoming heralded as a useful skill for employment. As of 
2015, occupations that required programming skills 
accounted for as many as 7 million job openings, and the 
growth rate of programming jobs is 12% faster than the 
market average [7]. Based on the above information, 
programming is potentially useful skill for many, and so a 
lack of intrinsic motivation in learning this skill could be 
detrimental.  
 
Seeing as constructivism places emphasis on engaging the 
learner and enabling ease of processing information, 
increasing intrinsic motivation to learn to code is an area in 
which a constructivist approach might be of great value. 
Moreover, a constructivist perspective would build on the 
learner’s existing knowledge, relating new and difficult 
concepts to familiar experiences and understanding to make 
programming more accessible.  
 
2.4 Games to increase intrinsic motivation 
An example of implementation of constructivism in 
education is digital games.   
 
Games are defined by Caillois [8] as activities which are 
voluntary and enjoyable, do not produce any goods of 
external value, and are governed by rules. Educational 
games apply this structure to content which is instructional 
in nature.  Play is a vital aspect of learning, and gameplay 
encourages formation of motor skills, logic, memory, 
visualisation, and problem-solving [62]. More importantly, 
games can engage users for the achievement of educational 
goals [32].  
 
Digital games are a type of game which involve interaction 
with a user interface that results in the generation of visual 

feedback [60]. Papert [58] postulates that when 
implemented in education, digital games are an example of 
constructivism as they offer a micro-world for learner 
exploration by fully immersing them in the domain. Dede et 
al. [19] argue that learning with well-designed digital 
games obey constructivist principles because they allow for 
identification of problems through observation and 
inference, formulation and testing of hypotheses, and 
evidence-based conclusions linked to player knowledge and 
experience.  
 
Games facilitate active learning by invoking engagement 
with the content through gameplay. The concept of 
engagement is defined as involvement, commitment, 
absorption, and focused effort to a task [72].  According to 
Whitton [88] engagement in an activity is best explained by 
flow theory [15], the state of being fully immersed in an 
activity while experiencing energised focus and enjoyment. 
Flow theory states that the main factors which contribute to 
engagement in an activity are challenge, clear goals, 
immediate feedback, and a sense of control – all of which 
characteristics are commonly found in digital games [38].  
 
A further theory of what makes digital games engaging was 
developed by Malone [52], who considered three key 
features: challenge, fantasy, and curiousity. According to 
Malone [52], the use of achievable yet compelling goals 
creates an appropriate level of challenge. Fantasy is 
implemented by creating an activity separate from real life 
which has no impact on the real world, and curiosity 
reflects a human tendency to make sense of that activity by 
exploring it. Later, a fourth element of engagement was 
added to the theory: control. Games evoke a sense of 
control when users can make decisions about their 
strategies and impact outcome and employ progression 
through difficulty and levels. Malone’s work has been 
regularly applied as an explanation for the engagement of 
digital games.  
 
Digital games can contribute to effective learning by 
engaging the learner with the activity. According to Ryan 
and Deci [68] intrinsic motivation exists in the locus 
between a person and a task, and thus can be 
conceptualized in terms of the satisfactions a person gains 
from intrinsically motivated task engagement. Therefore, 
task engagement is crucial to the development of intrinsic 
motivation.  
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The motivational effects of the implementation of games in 
educational contexts have been empirically validated. Lee 
et al. [46] implemented a mathematics game into a 
classroom and showed that students were more intrinsically 
motivated to explore the content without external 
instruction, completing up to 3 times as many questions as 
they did without the game and progressing to more difficult 
levels without teacher instruction. This supports the 
potential of games in engaging learners with content and 
motivating them to keep working on the tasks.  
 
A further example in support of games as a facilitator of 
intrinsic motivation is a study by Tüzün [84], who 
developed and implemented an educational geography 
game in a classroom setting with fifth-grade students. Not 
only did intrinsic motivation significantly increase after 
students learned through playing the game but focus on 
grades decreased. This means playing the game made 
students motivated to complete the task purely for the task 
itself, which is vital for effective independent learning.  
 
2.5 Games in teaching programming 
The implementation of games in teaching programming has 
yielded positive results. As discussed in section 2.3, the 
main barriers towards intrinsic motivation for learning 
programming are negative attitudes and low perceived 
competence due to subject difficulty and poor past 
experience.   
 
Games can address the barrier of negative attitudes by 
making programming appear more fun and engaging, 
which, as discussed in section 2.4, is their main 
motivational property. Ibáñez et al. [36] explored the 
impact of gamification techniques on engagement and 
learning outcomes in teaching computer science students 
the programming language C, collecting data through 
observations, questionnaires, and pre- and post-task tests. 
Not only did students express enjoyment for interaction 
with the gamified activities, but an improvement in learning 
outcomes was also present. Similar findings were obtained 
by [37] conducted a study to understand 21 computer 
science students’ perceptions of using games for 
programming and found that 86% of students felt games 
made learning programming more interesting, and 81% 
found it interesting to solve the problems presented in the 
games. Therefore, there is potential for game elements to 
increase engagement with programming content.  
 
Subject difficulty can also be tackled by implementing the 
engaging features of games in teaching coding. Heintz and 

Law [36] designed and evaluated a programming game with 
50 computer science undergraduates. The game 
incorporated two key aspects of engagement according to 
Malone [52]: challenge and control. They asked students 
about their perceptions of the game and the way it presented 
programming concepts. Students with a lower pre-task level 
of programming knowledge agreed more strongly than 
students with higher pre-task levels of knowledge that they 
found it easier to solve programming questions after 
playing the game. Furthermore, 94% of participants agreed 
that they thought the game was useful for improving 
understanding of programming. This suggests that 
presenting programming in a game format can make 
content more manageable and facilitate ease of learning. 
 
Low perceived competence can be increased by presenting 
programming content in game form. Long [49] investigated 
which features of Robocode, a game which teaches 
programming by coding to control a character, influenced 
motivation to learn the skill. Amongst the most prominent 
factors were the ability to implement already familiar skills 
and to be able to learn new skills. Both factors were classed 
by Long [49] as competence motivators. Yeh [92] 
implemented a digital game to teach programming to 20 
computer science undergraduates over a period of several 
weeks, and found increased perceived competence 
following learning through the game as compared to a 
control condition. This is evidence to suggest that games 
can increase user perceived competence in learning 
programming, making them more confident in their ability 
to do so.  
 
These examples show support for games as a useful 
medium for overcoming some potential motivational 
barriers towards learning to code.  

2.6 Rationale for current study 
Research has shown that digital games can be effective for 
increasing intrinsic motivation in teaching difficult topics. 
This can be specifically implemented in teaching computer 
programming, a notoriously difficult topic. Although the 
implementation of games has been successful in computer 
science students, there is a lack of investigation of the role 
of games for students of non-computational degrees 
learning programming. 
 
The rise of programming is a heralded skill, both as a useful 
quality for employment in many sectors and for its 
application to higher-level thought processes [73, 85]. So, 
this demographic should not be overlooked, given that they 
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are less likely to pursue programming if they suffer from a 
lack of motivation than students who have no choice but to 
learn this skill as part of their degree. The current study 
focuses on students of non-computational degrees, 
addressing their needs throughout the design process and 
assessing the impact of the design solution on user intrinsic 
motivation in learning programming.  

3. METHODOLOGY  
This section outlines the process conducted in designing the 
game with the purpose of increasing intrinsic motivation in 
the target demographic, and the methods which were used 
for gathering user feedback to iterate on the design.  
 
3.1 Design principles 
The design challenge was to build a computer game to 
increase intrinsic user motivation to learn to code. Quinn 
[62] argues that in educational game design, the priority 
should be on experience over content to increase user 
engagement. As the design focus was on developing 
intrinsic motivation, the priority was on increasing user 
engagement and drawing on the motivational features of 
games: for example, engaging the player in a flow state [17] 
and enhancing player enjoyment [68], both of which have 
been linked to intrinsic motivation [64].  
 
The current game design process adopted the 
recommendations of Fullerton [31] in designing a 
playcentric game, defined by Fullerton [31] as placing the 
focus on understanding and designing for the user 
experience. Indeed, user feedback was involved at every 
stage in the design process. This feedback was used for 
iteration – refining the game based on prototype testing and 
feedback [55] – to ensure the final design optimised the 
player experience (Figure 3).  
 
This is supported by Repenning and Lewis [63] who 
recommend an ‘engagement to learning’ approach in 
creating an educational game. This is a user-centered and 
iterative design approach, exposing players to prototypes 
early in the design process. At the forefront of every design 
stage is the aim of understanding the engagement facilitated 
by the game.  
 
 

 
 

Figure 3. The playcentric iterative design process, taken from 
Fullerton [31].  

  
An analysis of existing design frameworks for educational 
games [16,41,81,94] was conducted, and the Experiential 
Gaming Framework as recommended by Kiili [41] was 
adopted. This most closely matched the design angle of 
augmenting learning through considering the player 
experience.   
 
The Experiential Gaming Framework considers learning as 
a circular process which constructs cognitive schema 
through activities within the gaming world. According to 
this framework, the most important elements of educational 
game design is the scenario which sets up the learning 
objectives, the flow of the game, and the challenges players 
interact with. Active experimentation with the environment 
and regular feedback from interaction is recommended to 
develop positive attitudes towards the game. Above all, the 
framework emphasises the deep engagement which players 
should experience through all functionalities, and the 
constant learning that should underlie all interactions.  
 
An overview of educational games designed to support 
computer programming [51] revealed the key features of 
such games to be the following: 
 

• a multiplayer element, 
• interaction/experimentation,  
• collaboration,  
• scaffolding,  
• the interaction of being able to drag and drop 

elements,  
• a programming editor for writing lines of 

programming,  
• multiple choice questions,  
• scenarios,  
• interaction with errors,  
• visualisation of concepts,  
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• familiar metaphors, and  
• simplicity.  

 
The game was conceptualised with these features in mind.  
 
3.2 Method  

 
Figure 4. The game design and evaluation process used in the 

current project.  
 
The design of the game was conducted in 4 iterative phases, 
as shown in Figure 4. These phases were: user research to 
establish requirements, conceptualisation, prototyping, and 
effectiveness evaluation. Together, the stages formed an 
iterative, playcentric game design process.  
 
3.3 Ethical considerations 
Approval for the study was granted by the UCLIC Research 
Ethics Committee. The project ID number is 
UCLIC/1718/011/Staff Evans. The data protection number 
is Z6364106/2018/07/22. Participants read through an 
information sheet and signed a consent form before 
participating in the study. Data was stored in a secure 
offline location and destroyed upon completion of the 
project.  
 
4. PHASE 1: USER RESEARCH 
This phase focused on gathering and analysing data to 
understand existing barriers towards user motivation to 
learn programming. Data was collected through user 
interviews and investigated through affinity diagrams, 
based on which a set of design requirements for the game 
was produced.  
 
4.1 Interviews  
To understand the barriers to motivation to learn 
programming, semi-structured interviews (see Appendix 1) 
were conducted with 8 members of the target user group 
who were recruited through opportunistic sampling. Five of 

the 8 were female, and the mean sample age was 22, age 
range 21-23.  
 
The data was analysed using affinity diagramming (Figure 
5).  This method involves grouping data based on natural 
relationships.  
 

 
Figure 5. Affinity diagram of user interview findings. 

 
The analysis revealed the key insights to be as follows.  

• Users believe programming is not useful for them 
due to its direct lack of relevance to their career 
and educational sector.  

• Users see programming as intimidating, boring, 
and difficult.  

• Users are frustrated by the level of attention to 
detail which is required to prevent errors.  

• Users are put off by the way programming has 
been taught to them but believe it could be made 
accessible if taught in a different way.  

4.2 Requirements 
The above insights led to the generation of requirements 
that the game design had to address to successfully increase 
user intrinsic motivation.  
The game must – 

• Show the relevance of programming and its 
application to a broad range of life and work areas, 
through focus on higher-level cognitive skills. 
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• Present programming in a manageable and 
accessible way.  

• Foster positive attitudes towards programming.  

• Not be overly demanding with task error. 

5. PHASE 2: CONCEPTUALISATION  
This phase builds on the requirements generated in Phase 1 
to develop a game idea for increasing user motivation to 
learn programming.  
 
5.1 Ideation 
User research for the current study established the main 
requirements for the product to focus on making 
programming less intimidating, more accessible, less detail-
focused, and more relevant to user lifestyles and goals. 
These requirements relate directly to the expectancy-value 
theory of motivation [89] as it shows people are not 
motivated to learn programming because they do not feel it 
is a skill which is of personal value to them, and do not feel 
competent in doing so. The primary focus of the design was 
therefore to overcome these barriers.  
 
The process began with brainstorming, addressing ideas for 
both the game concept to make the game engaging and fun 
for the player, and the educational component to target the 
lack of motivation in learning to code. Two brainstorming 
sessions for the duration of 1 hour, the recommended time 
for productive creative thinking [31], were conducted. 
During the first session a mind map (Figure 6) was created, 
and the second session focused on experimentation with 
Grow-a-Game cards [29]. Early in the design process, it 
was decided to make the game single rather than multi-
player due to technical feasibility, but otherwise the 
features listed by Malliarakis et al. for designing a game to 
teach computer programming were incorporated [43]. 
 

 
Figure 6. Mindmap of initial ideas. 

5.2 Formalisation 
Having generated the initial plethora of ideas, they were 
narrowed to the top 3 based on technical feasibility and 
artistic consideration. These ideas were subsequently 
conceptualised in more detail, combining the player 
experience and educational aspects and considering game 
mechanics.  
 
The ideas were brought to a deconstruction salon. This was 
a presentation of the formal, dramatic, and dynamic 
elements of the game to 3 users [31]. The salon gathered 
user opinions on which idea they believed would facilitate 
the best player experience, as well as which idea would best 
address the design challenge of increasing user motivation 
to learn programming. One idea, the theme of an 
apocalypse and completing programming challenges to save 
the world from destruction, was strongly favoured by users. 
They provided additional feedback on details such as the 
content of each level, and specific tasks to include.  
 
Upon selecting and finalising an idea, the core gameplay 
elements were mapped out. This is advised by Fullerton 
[31] to gain a deeper understanding of the gameplay 
mechanics (Figure 7).  

 
Figure 7. Formalisation of gameplay mechanics. 

 
6. INITIAL GAME IDEA 
This section outlines the narrative, mechanics, and 
educational component of the first formalised idea for the 
game design, as storyboarded in Figure 8.  
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Figure 8. Storyboard of initial game idea.  

 
6.1 Narrative 
The genre of the game is adventure, which was favoured by 
users during the ideation process and is recommended by 
Quinn [62] as a component of the design to an engaging 
game. A narrative is incorporated to further the engaging 
element; furthermore, Waraich [86] found that narrative 
was enjoyed by students in an educational game 
environment.  
 
The narrative is of an impending apocalypse. The player is 
informed of this in the introduction to the game and is also 
informed that it is their responsibility to save the world 
from the apocalypse, which they can do by progressing 
through the game and completing the challenges presented 
to them. The challenges take on a quest-like structure, so 
they are interlinked within the narrative. The player 
physically moves through the game, beginning in a house, 
then progressing through a street, and ending up in a 
workplace.  
 
 
 

6.2 Mechanics 
The player is told in the introduction to move in the game 
using arrow keys, that they should click on objects when 
they are highlighted, and sometimes the player will 
encounter other characters which they can converse with by 
clicking on them. However, the other characters have the 
potential to ‘mislead’ the player, so taking care is advised.  
 
6.3 Educational component 
The tasks in the game are based on fundamental 
programming concepts, but only ones which are 
generalisable to other disciplines and life areas, so those 
which target thinking skills rather than specific 
programming grammar. As the overarching language for 
the code structure, Python 2 [86] is used.  
 
The structure of the tasks includes key concepts, a 
challenge, and a key takeaway message, which relates the 
learned concept both to programming and to everyday life. 
The theme of all the challenges is related to the player’s 
quest and the apocalypse narrative. If the player completes 
the task incorrectly, they can try again until they get it right 
but cannot progress further in the game without completing 
the task. This feature minimises punishment for task error.  
 
The tasks increase in difficulty as the player progresses 
through the game. The easy levels feature basic concepts 
which introduce a logical way of thinking but are not 
specific to coding, such as algorithms. Subsequent levels 
gradually bring in basic coding concepts, covering control 
structures, data types, variables, and similar. The harder 
levels explore more advanced syntax of coding, such as 
loops and functions.  
 
In the later levels, alongside the tasks there is the 
opportunity to communicate with other in-game characters. 
These characters attempt to mislead the player by claiming 
programming is boring and unnecessary and give the player 
the option for an easier way to save the world. If the player 
accepts this option, they are told they have been misled, and 
are sent back to the start of the level, along with an 
explanation as to why programming is important. If they 
reject the option, they receive a message congratulating 
them and reiterating the importance of programming.  
 
When the player successfully completes all the challenges 
and reaches the end of the game, they witness the world 
being saved, and see a message explaining how 
programming is relevant to everyday life and how it builds 
many different skills.  
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7. PHASE 3: PROTOTYPING  
This phase focused on creating a series of iterative 
prototypes to quickly understand player experience in 
interaction with the game and refine the design accordingly. 
Two iterations of a physical prototype and one iteration of a 
software prototype were carried out.  
 
7.1 Physical prototype: iteration 1 
Having formalised the game idea and mechanics, the next 
stage of the design process was to create a physical 
prototype to rapidly test the gameplay of the idea, as well as 
to gather user opinions on the concept and establish 
whether it met its purpose of increasing user motivation in 
learning programming.  
 
The physical prototype (Figure 9) was created from 
cardboard for the backdrops of each level, A4 paper for 
wireframes of the introduction and finale screens and the 
programming challenges the players had to complete, and 
PostIt notes for in-game pop-up boxes indicating which 
objects to click on and if a mistake had been made. The 
player themselves was represented with a moveable piece 
of foam core with a figure drawn on it.  

 

 
Figure 9. Elements of the physical prototype, iteration 1.  

 
7.2 Iteration 1 user testing 
The testing of the first iteration of the physical prototype 
was comprised of 3 users of age range 22-24 (mean age = 
22.7), of which 2 were female, tested in individual sessions. 
Users were recruited online and through word of mouth, 
and the requirement criteria was for ages 18-25, to not be a 
past or current student of a programming-based degree 
(computer science, engineering, or mathematics) and to not 
have any experience voluntarily learning programming.  
 
The number of users tested was based on the seminal work 
of Nielsen and Landauer [56] who demonstrated that data 
from 3 users can be enough to get an accurate 
representation into user behaviour with a system and 
changes which need to be made. Indeed, in this study, after 
testing 3 users several design issues were uncovered which 
needed to be changed before testing more users.  
 
Users worked through the game level by level and 
completed the tasks as they would in the computerised 
version. No time limit was imposed on the session. They 
were encouraged to bring up any comments they had about 
the gameplay while interacting with the game.  
 
After playing the game, users answered interview questions 
about the game:  
 

• What did you like and dislike about the game? 
• What changes would you make to the game? 
• Can you think of any additions to the game which 

might make you more motivated to learn to code? 
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7.2.1 Findings  
Improvements to motivation were reflected, and the content 
and presentation were also positively received.  
 

“Having the settings of the house and street and 
work made it more connected to real life. Very good 
and clear.” (P3) 
 

“I liked that the content is very beginner, it’s what I 
want to know.” (P1)  

 
Suggested improvements were evident across all users.  
 
These consisted of: 
 
Making the objects which are clicked to reveal the 
challenges more relevant to the storyline.  
 

“Connect the clicking objects to the rest of the game. 
The story would be a bit clearer. (P2) 
 

Including a glossary which is easily accessible at any point 
in the game.  
 

“If you can scroll over the concept being taught and 
a little definition box pops up.” (P1) 

 
Removing the characters who attempt to ‘mislead’ the 
player, as this did not feel relevant to users. 

 
“I don’t get the thing about the people… Maybe if 
they had more value, like, maybe if they ask you if 
something is correct and you tell them.” (P1) 

 
These changes were implemented in the second iteration of 
the prototype. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7.3 Physical prototype: iteration 2 

 

 
Figure 10. Elements of the physical prototype, iteration 2. 

 
The storyline was made more specific for the second 
iteration: due to the error of a major corporation, a nuclear 
disaster is about to ensue, and it is on the player to prevent 
this as they are the only ones who have (accidentally) 
uncovered this information. The storyline is clearly outlined 
to the player within the first level, and every task they 
undertake is directly relevant to this, as well as the objects 
which are clicked to show the challenges: for example, 
clicking a laptop to reveal a challenge in an email, or 
clicking a filing cabinet to find the file indicated in the 
storyline.  
 
The characters who attempt to mislead the player were 
removed due to perceived player lack of relevance.  
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As per user suggestion, a glossary which is accessible at 
every point in the game was added, and so was a menu 
which enables the player to move back to earlier levels.  
 
To study user response to different tasks, rather than just a 
drag-and-drop format as was the case in iteration 1, tasks 
were created in multiple choice (e.g. “Which of these is the 
correct match between data types and examples? Click on 
the one you think is right.”), quick fact (e.g. “Here are some 
common error types in Python and what they mean.”) and 
typing tasks (e.g. “Write a short code creating a variable 
called myMission, where you outline your mission for this 
game.”) 
 
Finally, the prototype was made more aesthetic by making 
the task wireframes digitally and then printing them. The 
blocks in the tasks were stylised to look like blocks of code 
(Figure 10). This was requested by a user in iteration 1. The 
backdrops for the levels were made from cardboard, the 
pop-up announcements were kept on PostIt notes, and the 
player was still represented by the moveable foamcore 
piece, as in iteration 1.  
 
7.4 Iteration 2 user testing 
User testing of the second iteration of the physical 
prototype consisted of 5 users, of which 2 were female, age 
range 20-23 (mean age = 22), also tested in individual 
sessions. The inclusion criteria were the same as in the first 
iteration, and users were recruited in the same way.  
 
Users interacted with the prototype in the same way as in 
iteration 1 and answered the same interview questions.  
 

7.4.1 Findings 
The response to the prototype was again highly positive, 
with every participant stating that they enjoyed playing the 
game and felt motivated to learn to learn programming after 
completing it.  
 

“I liked how it was put into terms of real life, made 
you understand it more. I liked the general scenario. 
It made programming much more interesting than it 
actually is. It makes programming seem less 
daunting, gives a nice overview.” (P5) 
 
“I like the way it teaches you about the concepts.” 
(P4) 

 
Suggestions for changes to the next iteration were: 

To include more examples throughout the levels. 
 

“It needs more explanation and examples, like, look, 
this thing you use every day uses loops.” (P5) 

 
To improve clarity of content, particularly with regards to 
explaining terminology.  
 

“I didn’t understand some of the concepts that were 
used in coding – would like some definitions.” (P3).  

 
7.5 Software prototype 
The next iteration of the prototype was created using the 
game development software GameSalad and is illustrated in 
Figure 11.  

The software prototype takes on the same format as 
discussed for the physical prototype. The game begins with 
an introduction to the narrative, and moves through three 
levels, in each of which the player clicks on objects to 
complete challenges. The tasks are of the key concept, task, 
key takeaway message structure discussed above.  

Originally, four tasks were incorporated. Of those, three 
were in the drag-and-drop format, covering algorithms, 
control structures, and loops, and one was a typing tasks, 
covering functions.  

The game perspective is the first-person view. This felt 
appropriate for the narrative of the design as it allows for 
empathy with the urgency of the apocalyptic situation [31].  
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Figure 11. Elements of the software prototype. 

7.6 Software prototype testing  
User testing of the software prototype consisted of 5 users, 
of which 3 were female, of age range 19-24 (mean age = 
22.4), tested in individual sessions as above. The inclusion 
criteria were the same as for the physical prototype testing. 
Participants were recruited online, through the UCL 
Psychology Subject Pool.  
 
The testing was of the same structure as the physical 
prototype testing.  

7.6.1 Findings 
Participants liked the narrative, aesthetics, and interactivity 
of the game. The drag-and-drop task format were received 
positively.  
 

“I liked the drag and drop functionality, that’s a 
good way of doing it. The storyline was interesting. 
Graphics were nice.” (P3) 
 
“I liked the fact it has a mission, something to work 
towards, rather than just going without knowing 
what to do.” (P5)  
 
“I liked that it's very interactive, visually, and it's 
good to have, from a non-programming aspect, and 
then some examples after.” (P2) 
 

Changes for the next iteration were:  
 

Removal of the typing task about functions - participants 
felt this was too difficult for a beginner-level game and 
expressed preference for a drag-and-drop format.  
 

“Typing it was more confusing, I wasn’t sure what 
the syntax was.” (P1) 
 

Inclusion of more examples alongside the tasks.  
 

“It would be good to see an example of what you’re 
meant to do. And then maybe do it again but without 
the example.” (P3) 

 
More flexibility in moving through and between tasks, such 
as the addition of ‘return’ buttons to every screen.  
 

“I didn’t like that I couldn’t go back and look at the 
names of functions to come up with a better code.” 
(P2) 
 

These changes were implemented for the user evaluation. 
 

8. PHASE 4: USER EVALUATION 
The purpose of the game was to increase intrinsic 
motivation for learning to code, and the intended 
demographic was students of non-computational degrees.  
Thus, the aim of the user evaluation was to test the 
effectiveness of the game in increasing user motivation. 
Given the playcentric approach adapted in the design of the 
game and the focus on player experience, the effectiveness 
of the game in increasing user enjoyment was also assessed.   

This was done both through comparison of motivation 
before and after interacting with the game, and comparison 
of the effects on motivation of the game against an existing 
training material. This method of comparison has been 
validated by previous studies [10,40,46,76]. The 
effectiveness of the game in increasing enjoyment was 
measured through comparison with the existing training 
material to see which resource had a higher level of 
enjoyment.  

Four hypotheses were generated prior to user evaluation. 

Hypothesis 1: The game will significantly increase user 
motivation.  

Hypothesis 2: The alternative resource will significantly 
increase user motivation.  
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This would be logical as the existing resource would also 
have been designed to be successful in its aim of teaching 
programming.  

Hypothesis 3: The game will increase user motivation 
more than the alternative resource.  

Hypothesis 4: The game will be enjoyed more by users 
than the alternative resource.  

8.1 Design  
A between-conditions experimental design was 
implemented to test two conditions:  
 
Game condition: In this condition, participants were asked 
to work through the software prototype of the game 
designed in the current project.  

Non-game condition: In this condition, participants 
worked through tasks from an existing online resource 
designed to teach programming.   

Three types of data were collected:  

Observations of the participants interacting with the game 
and the alternative training material.   

Questionnaire response data to measure intrinsic 
motivation before and after the task.  

Interview data to gain a deeper understanding of the user 
experience of both materials and establish changes to be 
made for subsequent iterations of the game design. 

8.2 Participants 
Thirty-one participants were recruited for the study, of 
which 19 were female. There were 16 participants in the 
game condition, and 15 participants in the alternative 
condition. The age range of the sample was 18-25, and the 
mean age was 22.8. Participants were recruited online 
through the UCL Psychology Subject pool and were paid a 
£7.50 Amazon voucher for their participation. The 
inclusion criteria were the same as for the prototype testing 
sessions, namely, that participants must not have been or be 
students of programming-based degrees, that they must be 
aged 18-25, and must not have voluntary experience 
learning to code.  
 
8.3 Materials 
Participants in the game condition worked with the software 
prototype as outlined in section 6.5. Participants in the non-
game condition worked through the first 4 tasks of the 
Python 2 course on the online resource Codecademy [95].  
 

Participants completed a pre-test questionnaire before 
working through either the game or the online training 
resource. The pre-test questionnaire consisted of the 
perceived competence (e.g. “I think I am pretty good at 
programming”) and perceived task value (e.g. “I think that 
learning to code is useful”) subscales of the Intrinsic 
Motivation Inventory (IMI) [66,69] (see Appendix 2). Upon 
completing the task, they filled out a post-test 
questionnaire, consisting also of the perceived competence 
and perceived task value subscales, as well as the 
enjoyment subscale to understand participant enjoyment of 
the activity they had just completed.  
 
This questionnaire was selected to reflect intrinsic 
motivation as characterised by the expectancy-value theory 
[89]. The expectancy-value theory characterises motivation 
as a combination of the degree to which a person believes 
they will be successful when they attempt a task, and the 
degree to which they believe the task is important to them.  
It is the theory best reflecting the findings of the user 
research of the current study: that users do not want to 
engage in learning to code as they do not see its value for 
their personal goals, and do not believe themselves to be 
competent enough in the task to even attempt it.    
 
Furthermore, the IMI has been used in similar contexts of 
motivation evaluation in digital games, e.g. by Joiner et al. 
[36] in evaluating the effectiveness of a racing game in 
increasing motivation across 3 educational contexts.  

8.4 Procedure 
The study took place in a room on UCL premises. 
Participants were asked to fill out the pre-test questionnaire.  

Participants then worked through either the game prototype 
or the online training resource, depending on condition, at 
their own pace. They were told to comment on any 
problems they encountered while doing this. 

After completing the game or the tasks, participants 
completed the post-test questionnaire. 

Finally, they answered interview questions, the purpose of 
which was to gather data to improve the design of the game, 
and to see where both the game and online resource had 
strong and weak features. 

• What did you like about the game/alternative 
resource? 

• What did you dislike about the game/alternative 
resource? 
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• What changes would you make to the 
game/alternative resource? 
 

8.5 Results  
This section presents the results from the user evaluation 
study. The game was designed with the aim of increasing 
intrinsic motivation in learning to code. This effectiveness 
was measured through self-report scores on the IMI. 
Enjoyment of the game was also measured though self-
report scores on the IMI.  

As the scores were in Likert-scale format, they were 
adapted for analysis by the summation of the scores from 
each subsection of both the pre- and post- test 
questionnaires. Thus, both questionnaires rendered the sum 
of the perceived competence and perceived task value 
subscales.  

Before conducting statistical analyses, the data was further 
prepared by removing outliers, which were identified as any 
value more than 2 standard deviations above or below the 
mean. This resulted in 1 participant’s results being removed 
from the game condition.  

8.5.1 What did people like about the game? 

Affinity diagramming was carried out on user answers to 
the interview question ‘what did you like about the game?’ 
to organise the interview responses for themes (Figure 12). 

 
Figure 12. Affinity diagram of game features that users liked.  

This analysis revealed six features which were liked. These 
were novelty of the game, the aesthetics, the way it related 
programming to real life, and most prominently, the quality 
of explanation of the content, the interactivity, and the 
narrative.  
Participants felt the game was a novel experience and were 
excited by it for that reason.  
 

“I liked that it was quite different from what I 
usually do. It was interesting.” (P7) 

 
Notably, participants felt that the game was able to relate 
programming to real life, making it seem more useful and 
less intimidating.  
 

“I liked how it related it to real life, that made it less 
scary, more so than seeing a bunch of numbers.” 
(P11) 
 
“I liked that it related the programming to real life, 
it made it easier to understand why programming 
can be useful.” (P6) 
 

The visual elements of the game were also enjoyed.  

“I thought it was cute, I really liked the whole UX of 
it.” (P4) 

Of particular interest was the narrative. The storyline itself 
was commented upon, as was the idea of a goal to work 
towards within the narrative.  

“I actually liked the structure, in terms of the 
storyline and the...it was like a puzzle game, so 
you're working towards something, and with each 
thing you do right you get further.” (P8) 

“I liked the fact it has a mission, something to work 
towards, rather than just going without knowing 
what to do.” (P5) 

The interactivity of the game was also favoured: 
participants liked the learning process it fostered and felt 
engaged with the tasks, particularly due to the drag-and-
drop format.  

“It was a nice breakdown between reading 
instructions and interactivity. It was enjoyable, a 
nice learning process.” (P12) 

“I liked that it's very interactive, visually, and it's 
good to have, from a non-programming 
perspective.” (P9) 

“Arranging in a block is very helpful and makes it 
easy for beginners.” (P15) 

Finally, users praised the game for the simplicity and 
accessibility of the explanation of its content.  

“I liked the examples, it was logical in the way you 
progressed through.” (P12) 

“It introduced me to basic programming in a simple 
way.” (P15) 
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“I liked the bits where they described how 
programming is done.” (P13) 

In the non-game condition, the resource was praised for 
its clarity and simplicity. However, there was no 
mention of any of the other features described above.  

8.5.2 Hypothesis 1: The game will significantly increase user 
motivation.  

 

Figure 13.  Motivation scores pre- and post- interaction with 
the game. 

The above section details the elements of the game which 
were liked by users. To ascertain whether the impact of the 
game on increasing motivation was significant, a one-tailed 
Student’s t-test was conducted on the pre-game (µ = 48.73, 
σ = 10.43) and post-game (µ = 59.6, σ = 12.83) IMI 
motivation scores. This test was significant, t(14) = -2.722, 
p < .001, meaning the post-game motivation scores were 
significantly higher than the pre-game motivation scores  
(Figure 13) and the null hypothesis can be rejected.  

If broken down into the two subscales of perceived 
competence and perceived task value, the difference 
between pre-game (µ = 8.533, σ = 3.50) and post-game (µ = 
17.13, σ = 9.72) perceived competence scores were also 
significant, at t(14) = -4.011, p = .001.  

However, the difference between pre-game (µ = 40.2, σ = 
8.69) and post-game (µ = 42.47, σ = 8.39) perceived value 
scores were not significant, t(14) = -1.636, p = .064. 

8.5.3 Suggestions for future game design iterations 

The user evaluation also revealed some aspects of the game 
design which ought to be targeted in future iterations. 
However, not all participants provided negative feedback, 
and several participants remarked that they felt unable to 
state what they disliked about the game as they were aware 
that they were playing with a prototype and not a full-length 
version. 

An affinity diagram was completed to evaluate the features 
of the game which could be improved with future iterations 
(Figure 14). These were: reducing the amount of text in the 
game, making the content less complicated, and making the 
instructions clearer.  

 
Figure 14. Affinity diagram of game features to be altered in 

future iterations.  

Participants disliked the large amount of text which was 
present both in explaining the narrative and the tasks 
themselves.  

“It wasn't super active. A lot of reading.” (P11) 

“It required too much reading, could get a little 
bored of that. Maybe some sounds instead, a bit 
more interaction.” (P12) 

Although one of the positive features of the game was 
isolated as the clarity of the presentation of content, 
some participants still found the content confusing and 
argued that it was too difficult for those completely new 
to programming.  

“A little complicated for beginners. It's hard to 
adapt to. It takes practice to get into that kind of 
stuff.” (P7) 

“For a complete beginner it may be very difficult.” 
(P5) 

Relatedly, several participants felt the instructions as to 
how to complete the tasks were not clear enough to enable 
successful completion.  

“The instructions were not very clear, it skips past 
things.” (P3) 
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Participants in the non-game condition were also asked 
what features of the existing training resource they felt 
might benefit from improvement, with the intent of 
establishing any overlap with the game. Interestingly, 
the results were very similar to the suggestions for 
future game design iterations, namely: reduce the 
amount of text, and make the instructions clearer. 
However, the theme of the resource being ‘boring’, 
‘standard’, and ‘rote’ also emerged, which was not 
commented upon in the game condition.  

8.5.4 Hypothesis 2: The existing training resource will 
significantly increase user motivation.  

 

Figure 15. Motivation scores pre- and post- interaction with 
the online training resource. 

To establish whether the impact of the existing online 
training resource on increasing motivation was significant, 
a one-tailed Student’s t-test was conducted on the pre-task 
(µ = 52.733, σ = 7.54) and post-task (µ = 60.47, σ = 10.00) 
IMI motivation scores. The t-test was significant, t(14) = -
2.722, p = 0.008, meaning there was a significant increase 
in motivation scores after interaction with the resource 
(Figure 15). The null hypothesis was therefore rejected. 

As with the game, the motivation scores were broken down 
into the two subscales of perceived competence and 
perceived task value. There was a significant increase from 
pre-task (µ = 12,87, σ = 5.96) to post-task (µ = 19.07, σ = 
7.56) perceived competence,  t(14) = - 2.608, p = .01.  

There was not a significant increase in perceived value 
scores from pre-task (µ = 39.87, σ = 5.21) to post-task 
scores (µ = 41.4, σ = 5.38),  t(14) = -1.267, p = .113. This is 
the same result as the scores in the game condition, which 
were also not significant.  

8.5.5 Hypothesis 3: The game will increase user motivation 
more so than the alternative resource.  

 

Figure 16. Comparison of the motivation increase of the two 
conditions. 

To compare the effectiveness of the game in increasing user 
motivation to learn programming against the existing 
training resource (Figure 16), a one-tailed Student’s t-test 
was conducted on the differences between pre-and post-task 
motivation scores for both resources. Although the 
difference in the game condition (µ = 10.87, σ = 8.39) was 
slightly higher than in the non-game condition (µ = 7.733, σ 
= 11.00), meaning the results of this test were not 
significant, t(28) = .877, p = .194,  and the null hypothesis 
cannot be rejected.  

7.6.6 Hypothesis 4: The game will be enjoyed more by users 
than the alternative resource. 

 

Figure 17. Comparison of the enjoyment of the two conditions. 

To compare the enjoyment of the game by users as 
compared to the alternative resource (Figure 17), a one-
tailed Student’s t-test was conducted on the difference 
between game (µ = 36.13, σ = 7.23), and non-game (µ = 
29.47, σ = 10.36) enjoyment scores. As can be seen from 
the means, the average enjoyment score was higher for the 
game condition, but this was not statistically significant, 
t(28) = 2.043, p = 0.0255. However, this significance is 
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marginal, and with a larger sample size the result could 
potentially become significant.  

8.5.6 Observational data.   
Behavioural data was collected by observing the 
participants as they interacted with each resource, with the 
aim of understanding whether there is any notable 
difference in the way users work through the game over 
alternative resources. 

For both resources, participants engaged with the content 
by spending time reading the information and moving 
backwards and forwards through the content as they 
worked. Several participants supported this engagement 
through body language, nodding as they read the 
information.  

More participants had questions about content in the online 
training resource than in the game condition, in which only 
one participant had a question. 

In the game condition, several participants reacted to and 
commented on their enjoyment of the narrative. No such 
comments were made about the online resource.  

9. DISCUSSION 
The aim of this study was firstly to design a game to 
increase intrinsic motivation in students of non-
computational degrees to learn programming, and secondly 
to evaluate the effectiveness of this game with members of 
the target user group.  

To address this aim, a playcentric iterative design process 
was used, creating and testing a series of design prototypes 
and taking user feedback into account at every stage of the 
process. This culminated in an empirical user evaluation 
study, testing the extent to which the game increased user 
motivation with 31 students of non-programming subjects, 
and comparing this increase with a non-game training 
programming resource.  

The final game idea was Code Red, an apocalypse-themed 
game in which users complete programming challenges of a 
drag-and-drop format to progress through the game and 
prevent the disaster.  

9.1 Reflection on results  
User evaluation showed that the game design features of 
narrative, interactivity, and quality of explanation were 
particularly appreciated by users. Aesthetics, novelty, and 
relevance to real life of the content were also liked. Overall, 
Code Red significantly increased user motivation to learn to 
code, based on self-report questionnaire scores. 
  

The non-game programming resource also significantly 
increased user motivation to learn programming. This was 
hypothesised and was not surprising due to the success of 
this resource: it was developed with teaching programming 
in mind and so if it was not able to meet this goal it would 
not enjoy the success it does.  

However, the prediction that the game would be 
significantly more effective at increasing user motivation 
than the non-game resource was not confirmed, and nor was 
the prediction that the game would be enjoyed significantly 
more.  

Both findings show discrepancy with previous literature. 
Research from different educational contexts has suggested 
that games are more successful motivators in comparison 
with a variety of alternative resources and have also been 
enjoyed more. For example, in a study by Castellar et al. 
[10] comparing mathematical exercises through a game or 
paper methods, students stated playing the game was more 
enjoyable, and had higher self-reported motivation. In 
another study of a maths game by Lee et al. [46] students 
were more motivated to complete tasks and progress to 
harder levels than without the game. Meanwhile, in a study 
by Yip and Kwan [93] comparing vocabulary learning 
through traditional classroom activities with an educational 
game, students enjoyed the game-based learning more.  
 
One explanation for this divergence is that certain features 
of the resources were unintentionally made too similar: 
although more features were liked of the game, users 
highlighted large amounts of text as a disliked design 
feature in both. Furthermore, although the comparison of 
resources was selected based on previous studies [76], it is 
conceivable that the two resources being compared, a video 
game with an online tutorial website, were too similar to 
render a significant difference. Finally, seeing as the game 
was tested in the form of a software prototype, it did not 
include all the functionalities of a fully developed game, 
meaning it may not have covered some of the aspects of 
successful gameplay. This could have impacted both 
motivation and enjoyment.  
 
The difference in enjoyment between the two resources was 
marginally significant, and there was evidence from 
interview data to suggest the game was enjoyed more: the 
alternative resource was described as being boring and 
standard, whereas such comments were not made about the 
game. Moreover, comments were made during gameplay 
about participant enjoyment of the game and narrative. This 
suggests that with further iterations that focus on extending 
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the gameplay and reducing the amount of text the player 
has to read, the game might become significantly more 
enjoyable than alternative resources. Additionally, 
participants commented that they felt some confusion over 
the game content, which may have caused them distress and 
thus affected their enjoyment of the game.  
 
Furthermore, the breakdown of motivation into perceived 
competence and perceived task value showed there was no 
significant increase in perceived task value after playing the 
game. This highlights a design direction to be considered in 
future iterations of the game, as one of the main 
requirements of the game was to show the relevance of 
programming and its application to work and life areas, and 
the current implementation appears to not be entirely 
successful in doing so.  
 
According to the expectancy-value theory of motivation 
[89], which was the theory of motivation most fitting to the 
current design, perceived task value is segmented into 
attainment value (the importance of doing well on a given 
task), intrinsic value (the enjoyment one gains from doing 
the task), utility value (how a task fits into the individual’s 
future plans), and cost.  Attainment value is best targeted by 
rewards, which were not featured in Code Red, and utility 
value was only addressed through making programming 
applicable to the narrative. This finding suggests that these 
two factors should be paid close attention to in subsequent 
designs.  

9.2 Design considerations  
The main contribution of this study is to provide a series of 
design recommendations for designing a game to increase 
intrinsic motivation in learning to code for students of non-
computational degrees. To provide these recommendations, 
the positive features of the game as highlighted by users can 
be drawn upon, and the negative or missing features can be 
targeted.  

Firstly, the inclusion of a narrative is an important design 
feature. The narrative was liked by users because not only 
did it make the gameplay enjoyable, but it gave them a goal 
to work towards, engaging them with the activity. Indeed, 
the use of a narrative has been highlighted in literature as 
important for educational games. Waraich [87] argues that 
narrative is key because it means assimilation of knowledge 
occurs within a specific context, and Quinn [62] emphasises 
narrative as being one of the features which make a game 
engaging. User engagement is important for fostering 
intrinsic motivation [63] and thus narrative is a useful 
feature when designing for motivation.  

The interactivity of Code Red was welcomed by users, who 
liked this feature and its manifestation through the drag-
and-drop challenges as it made them feel engaged with the 
tasks. Interactivity is a key element of learning in general 
[50], promoting player engagement through participation 
and cognitive processing [91]. Moreover, empirical 
research has isolated interactivity to be a contributor to 
educational outcomes [65]. Therefore, interactivity is a 
substantial consideration to be included in educational 
games.  
 
Relatedly, large amounts of text were disliked by users, 
who did not enjoy having to read rather than interact with 
the game. Users felt this impeded their engagement with the 
activity and interrupted their flow. This illustrates the role 
of interactivity in engagement and shows that a passive 
learning activity such as reading can be detrimental to the 
pleasurable elements of games.  
 
Clarity of explanation of content, and similarly, a finely-
tuned level of content appropriate to the ability of the user 
were shown to be important. This feature left some users 
satisfied and some not, demonstrating the necessity of 
streamlining content presentation. Indeed, clarity of 
explanation has been linked to student achievement and 
student satisfaction in classroom settings [35], so it is 
logical that it would play a key role in educational games.  
 
Based on the lack of increase in perceived task value by the 
game, it would be interesting to explore the implementation 
of a reward system in future games of this purpose. Reward 
systems were not used in Code Red but have been identified 
as contributors to motivation [21] and can enhance positive 
emotions and enjoyment through creating a flow state [20]. 
There was hesitation in incorporating rewards into the 
current design as research has found in some situations 
rewards can be detrimental to intrinsic motivation [18] – for 
example, people may confuse their enjoyment of the reward 
with their interest in the task. However, there is potential 
for this discrepancy to be reconciled by carefully isolating 
the type of reward, focusing on reinforcement and positive 
feedback rather than tangible profits. This could be 
developed in future designs.  

9.3 Limitations and future work  
The recommendations of the study should be interpreted 
with several limitations of the process in mind.  
 
Firstly, the game was designed and evaluated with the 
intent of increasing intrinsic motivation in a target 
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population of students of non-computational degrees in a 
Western educational system. While certain elements of 
education remain consistent cross-culturally, there is also a 
substantial amount of variation. For example, in China 
assessment is carried out purely through final exams as 
opposed to the Western style of exam and coursework 
assessment over the course of the academic year, and in 
Japan information is presented purely in a lecture format, 
with minimal student involvement [80]. Due to these 
differences, the need for intrinsic motivation and the most 
effective ways to foster it may also vary across cultures, 
meaning the design recommendations outlined above may 
not be replicable in other educational systems. Nonetheless, 
the recommendations would still be useful for designing a 
game within the Western educational system.  
 
Additionally, as part of the user evaluation, the researcher 
was present during user gameplay to collect observational 
data. There is a possibility that this may have influenced the 
result by impacting the self-reported experience. This 
would be in accordance with the Hawthorne effect [44], 
which states that individuals modify their behaviour in 
response to being observed. However, this was the case in 
both conditions of the user evaluation, meaning that even if 
the researcher’s presence had an impact, it would have been 
counterbalanced across conditions.  
 
As mentioned above, it is also possible that the game 
prototype may not have provided a valid overview of the 
full game experience due to time and technical constraints 
of the design process. This may have had an impact on the 
motivation increase of the players. The next stage would be 
to conduct an evaluation with a more extended and 
advanced prototype to see if this yields different results of 
motivation and enjoyment. Notwithstanding of this, the user 
evaluation was conducted with a software prototype, 
meaning the core elements of gameplay were covered to a 
sufficient extent to ensure the validity of the results.  
 
Finally, the evaluation of whether the game was effective in 
increasing intrinsic motivation was cross-sectional rather 
than longitudinal. Due to the timeframe of the project, only 
a cross-sectional design was possible. However, it is not 
unimaginable that the game may have longer-term impacts 
on intrinsic motivation, and that these impacts may differ 
from the immediate influence. It would be interesting to 
study these effects longitudinally, given a longer time 
scope.  
 

Relatedly, only the primary stakeholder - students - were 
targeted in the design. With more time and resources, it 
would be beneficial to involve other stakeholders in the 
design process, such as teachers and parents of the students. 
The design process could even be further opened to users 
by running co-design workshops. Co-design is a research 
process which aids the generation of successful ideas to 
meet the needs of the user group by working closely with 
stakeholders [71] and thus would ensure the game was 
more successful and enjoyable.  
 
Future work could also explore the implementation of the 
game, or a more developed version in a wider-scale 
practical context: for example, in a practical, taught-module 
setting. This would allow a refined understanding of the 
nuances of the effect of games on motivation amongst a 
plethora of other factors and could help cover a greater 
breadth and depth of content within the game.  
 
9.4 Practical implications  
The results of the prototype testing and user evaluations 
provide a foundation for understanding how future games 
of the purpose of increasing intrinsic motivation could be 
structured, and what features they should and should not 
incorporate to be effective.  
 
The findings of this study overall suggest that games can be 
used as a motivational method to inspire the 
computationally challenged to want to learn programming. 
Based on this, games could be made a more widespread and 
accessible resource for those who would benefit from 
learning programming for employment purposes but 
struggle to motivate themselves to do so. Perhaps, with an 
enhanced design, games could become an established 
mechanism which people find themselves pointed to by 
professional advisors when they need to learn 
programming.  
 
10. CONCLUSION 
Through a playcentric, iterative design process, a game to 
increase intrinsic motivation for learning programming was 
developed and its effectiveness evaluated. The game was 
shown to be effective in increasing user motivation; and 
user data provided an insight into design features which 
contributed to this effectiveness, as well as features to be 
incorporated into future iterations. The concluding 
contribution of this study is to provide a novel insight into 
how learning to program can be made more accessible for a 
non-computational demographic through an educational 
game encompassing narrative, interactivity, aesthetics, and 
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a clear explanation relating the content to real life. This is a 
step forward in bringing the benefits of computer 
programming to a wider audience.  
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APPENDIX 1: PHASE 1 USER RESEARCH INTERVIEW QUESTIONS 
 

Section 1 - background and attitudes 
 

1. What course are you studying? 
2. How much coding experience do you have (in any language)? 
3. What is your attitude towards learning to code? 
4. Have you ever wanted to learn an aspect of coding but ended up not doing this? Why?  
5. Can you describe any situation you’ve had in which you faced a problem when trying to code? (If N/A - skip) 
6. How competent do you believe yourself to be when it comes to coding? 

 
Section 2 - reducing barriers and facilitating coding  
 

7. What do you feel might motivate you more to learn to code? 
8. What do you think the biggest barriers are currently towards you learning to code? 
9. What do you feel might help you learn coding better or find it easier? 

 
Section 3 - drawing on examples from existing games 
 

10. Have you ever played any educational games? (If N/A - skip section).  
11. Please outline one such game you enjoyed, and why? 
12. Please outline one such game you found helpful for the topic being taught, and why? (it can be the same game but 

focus on the helpful aspect).  
 

13. Do you have any other comments or experiences you would like to share? 
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APPENDIX 2: PHASE 4 USER EVALUATION POST-TEST QUESTIONNAIRE  

1 = strongly disagree, 7 = strongly agree.  
 

Enjoyment 

I enjoyed doing this activity very much 

This activity was fun to do. 

I thought this was a boring activity. (R) 

This activity did not hold my attention at all. (R) 

I would describe this activity as very interesting. 

I thought this activity was quite enjoyable. 

While I was doing this activity, I was thinking about how much I enjoyed it. 

Perceived Competence 

I think I am pretty good at coding. 

I think I do pretty good at coding, compared to other students. 

After working at coding for a while, I feel pretty competent. 

I am satisfied with my performance at coding activities. 

I am pretty skilled at coding. 

Coding is an activity I cannot do very well. (R) 

Value 

I believe coding could be of some value to me. 

I think that learning to code is useful. 

I think is it important to learn to code.  

I would be willing to learn to code because it has some value to me. 

I think learning to code is helpful. 

I believe learning to code could be beneficial to me. 

I think learning to code is an important activity. 
 

Note: the pre-test questionnaire was identical to the post-test questionnaire, aside from missing the Enjoyment subscale.  
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