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1. Introduction

The importance of computers and computer science (CS) to modern society

cannot be overstated. Software and algorithms govern numerous aspects

of our lives. From this arises an ever growing need for people who master

the art of computer programming. Thus, it is vital to investigate how to

attract people to study the field and how CS education can be improved.

This dissertation discusses two separate, yet related, themes both in the

domain of CS. First of them being how people are exposed to computer sci-

ence. Where do they encounter it and what are some of the reasons they

decide to study it further? Once they do end up studying CS in univer-

sities, how can we improve and enhance the students’ experiences is the

second theme explored.

Both of these themes are enormous topics and plenty of research has

been published about exposure and outreach [16, 79], as well as novel

tools [33, 114, 116], and other instructional improvements [53, 105]. To

limit the scope of this work, these two topics are investigated in how they

relate to games. Using game-related approaches to improve computer

science education (CSE) is investigated through implementing software

systems to enhance online learning activities – and exploring students’

reactions to these systems.

The theme of exposure to CS is investigated by looking into how the

games that people play might affect their choice of major. Additionally,

there are games and gaming communities online that are intertwined

with CS concepts and topics. These communities are investigated as well,

especially with regard to the exposure to CS they provide.

Together these two approaches, utilizing games to improve CSE and

exposure to CS through games, are discussed as game-related learning

and exposure in computer science.
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Introduction

While knowledge on its own is a goal worth pursuing, there is also a

practical reason for investing in CS education and CS education research.

Projections to 2020 estimate that there will be a large number of CS po-

sitions that need to be filled globally. In Europe there will be a need for

800,000 CS professionals [13] and in the United States, more than a mil-

lion vacancies will be open by 2020 [27].

Given the demand for people capable of understanding CS and related

skills, there is an additional incentive to improve and enhance CS educa-

tion. The field that is concerned with this is called computing education

research (CER) which has emerged as a discipline in recent decades [113].

The growing discipline of CER is the main context of this dissertation

and the general body of knowledge to which this work aims to contribute

instead of larger fields of game studies or general educational research.

In order to follow this work, it is beneficial to understand how the emer-

gence of social media, especially sharing live, as well as, recorded video

has shaped the hobby, and for some the profession, of playing video games.

Hence, it is worth briefly discussing the broader cultural context in which

this dissertation is situated. Especially relevant is the growth of on-

line gaming communities and how watching other people play games –

whether live or from a recording. The increased popularity of playing or

watching other people play games has created a massive industry in and

of itself.

The growth of gaming has led to a whole host of online gaming commu-

nities. This is relevant for the present discussion due to the fact that in

some of these communities CS is discussed and gamers are exposed to CS

content even if they might not have sought that out on purpose.

Another trend arising in recent years is gamification – utilizing ele-

ments from games in non-game contexts. One aspect where gamification

has been researched actively is in educational contexts. It was the focus

of investigations on how to improve and enhance CSE in universities.

Naturally, these topics will be discussed in more detail in the coming

chapters. For now, it is enough to indicate that games as a hobby, as well

as a profession, are growing. And this work is situated in this emerging

and evolving cultural landscape.
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1.1 Gaps in Current Research

The overall motivation for the research is to both improve current CS ed-

ucation with game-related approaches, as well as, investigate how game-

related approaches can be utilized to expose more potential students to

CS.

Games have been utilized in CS for a long time in various forms. In

2005, Kelleher & Pausch [72] created a taxonomy of various programming

environments aimed at novices. Under their category of empowering sys-

tems, they list entertainment systems as one option. However, they do

not go further into classifying games and relating their content to CS ed-

ucation. This dissertation aims to enrich that classification by providing

different types of game-related approaches to CS education.

Notably, some of the approaches, especially when it comes to live-streaming

games and programming, where not yet available in 2005. Games have

been used in CS education in universities in many ways [15, 128, 96, 71].

However, to the best of our knowledge, there is no existing literature

for the game-related approaches in CS investigated in informal contexts.

Overall, learning in informal settings has not received much attention

from the CER community. Though, some prior research [76, 77] does sug-

gest that games might be relevant when choosing a major to study.

Another central theme of this dissertation is how to bring game-related

approaches to formal CS education. More specifically, how to support

game-related approaches from a technical point of view. Modern learn-

ing management systems are complex pieces of software, and increasingly

there is a call for more interoperability to enable different types of smart

content to be integrated for the benefit of the learner [21].

Gamification, and especially achievement badges, have been studied in

various educationals contexts including CS. Often the research has been

implemented as between-subject studies, utilizing a control and treat-

ment group. We were not aware of any publications that experimented

with badges in a within-subject study, especially in CS education. This

gap had also been noted in prior literature [57]. We fill this gap by pro-

viding a within-subject experiment with achievement badges on a data

structures and algorithms course.
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1.2 Research Questions

The overall objective of this work is building a broader understanding of

how game-related approaches are relevant to computer science

education? That is to say, our aim is to highlight different approaches

in utilizing games that can be used to enhance CSE as well as expose

more people to CS. Relevancy in this sense should not be thought of as

a scale to be measured, but rather in whether it is useful for CSE or not.

Though CS and games are at the center of the focus, this dissertation does

not try to cover all the different ways in which the two are intertwined.

Rather, we focus on two distinct themes: exposure to CS in online gaming

communities (RQ1) and utilizing gamification in CS education (RQ2).

The methodologies used are described briefly with the research ques-

tions in this section. For more detailed discussion refer to the included

publications.

RQ1 How do game-related approaches and communities relate
to exposure to computer science in informal settings?

This research question is situated in informal learning contexts. In other

words, how people might encounter CS and programming through their

hobbies of playing games and participating in online gaming communi-

ties. It is further divided into questions RQ1.1 and RQ1.2 which are

introduced here and then further discussed in Chapter 4.

There are some inherent difficulties when it comes to researching learn-

ing in informal contexts. Participants are often at home when the po-

tential learning and exposure to computer science happens. Additionally,

their identities are unknown and their backgrounds can vary a lot. Since

these types of experiences are difficult to investigate in authentic envi-

ronments (e.g. people watching live-streams at home), alternative ap-

proaches need to be utilized.

RQ1.1 How do online gaming communities facilitate exposure to com-

puter science and learning programming?

The growth of online gaming communities provides opportunities to ex-

pose oneself to CS by encountering it in games – either by playing or
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watching someone else play. At the same time, some content creators in

these communities have a background in computer science, programming,

and software development and they release content (videos, live-streams,

tutorials, and so on) that teach and disseminate CS content.

To shed light on this phenomenon and investigate RQ1.1, two online

communities, one on YouTube and the other one on Twitch.tv were exam-

ined. To be more specific, we looked at how viewers and participants in

these communities discuss matters related to CS.

The data for RQ1.1 was gathered from publicly available sources. The

collection happened either via logging conversations as they happened or

by implementing custom programs that collected data automatically.

For PUB I, comments from YouTube on selected videos relating to games

and computer science were collected and subsequently analyzed. Based

on the data distinct categories of comments emerged which are described

and discussed. Similarly in PUB II, grounded theory was used to ana-

lyze discussion logs gathered from Twitch.tv from a stream that related

to games and programming.

The qualitative analysis in PUB III uses the data collected in PUB I

and PUB II. By applying similar methodology to two different data sets

we build a categorization of CS discussion in gaming communities that is

more general.

Overall, we find in PUB I that gaming communities in YouTube provide

a way to expose people to CS concepts and build a classification of differ-

ent types of discussions relating to CS that the viewers had. Similarly, in

PUB II we show that live-streaming programming during a game devel-

opment competition exposes new people to programming and the discus-

sions during the live-streams provide newcomers an opportunity to meet

more experienced programmers. Finally, in PUB III we combine these

data sets and provide a more general classification of the types of discus-

sions participants in these communities have regarding CS.

Most of the research conducted within RQ1.1 was qualitative in nature

and utilized grounded theory. Grounded theory is used within social sci-

ences, particularly when researching new phenomena [49] so it is particu-

larly fitting. Additionally, more frequent use of grounded theory has been

called for in computing education research [75].
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Alternative approaches could have been used as well. For example, find-

ing participants from the communities and doing semi-structured inter-

views would have yielded potentially interesting rich data. While we had

plans of doing this, we were ultimately unable to carry out interviews.

We tried to contact live-streamers in order to conduct surveys and recruit

viewers for interviews on their channel but received no response. How-

ever, the chosen approach allowed us to form an overall picture of the

phenomenon that serves as a starting point for further research.

RQ1.2 How playing games in adolescence is related to choosing to ma-

jor in computer science?

The motivation for this research came from reading first-year students’

reflections on their past and current gaming hobbies and how gaming

had an impact on their choice of career. Through discussions with col-

leagues and classmates, similar experiences have come to light: games

have played an important role in learning how to use a computer and

later on to write computer programs.

It seems that for many, games are the drivers behind early computing

experiences that lead to the desire to further understand the inner work-

ings of computers and, perhaps, to study the field. These experiences also

reflect those of the author of this work. There is also some prior work sug-

gesting this link between computer games and interest in studying fields

closely related to CS [76, 77].

To explore this, we analyzed students’ reflections regarding their rea-

sons for choosing CS as their major in PUB IV. We highlight the various

ways in which games contributed to their decision regarding their disci-

pline. As with publications relating to RQ1.1, the analysis is based upon

grounded theory. The data for the analysis comes from two sources: reflec-

tion essays written by freshmen CS major students and semi-structured

interviews. In addition to the qualitative analysis, we provide descrip-

tive statistics regarding the prevalence of students that recounted games

being influential to their current field of study.

Based on the analysis in PUB IV, we show three types of ways in which

game-playing in early on in life can affect selecting a career in CS. Firstly,

gaming experiences provide a way to get interested in computers and the

skills required to use them. Secondly, games can contain programming
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and thus trigger interest towards CS, as well as, learning to program

games can be a goal to pursuit. Finally, game development as an industry

is seen as an appealing career choice by some students.

RQ2 How can game-related approaches be utilized in formal CS
education?

While RQ1 is focused on game-related learning in informal learning con-

texts, in other words, not in a classroom, RQ2 focuses on learning CS

in a university context. The investigation under this research question

is divided into finding suitable software solutions to implement gamifica-

tion systems (RQ2.1) and empirically evaluating students’ perceptions of

these systems (RQ2.2).

To investigate technical solutions to support gamification in universi-

ties, a constructive approach was used: the requirements for these sys-

tems were identified, the systems were constructed, and finally evaluated.

Whereas the students’ reactions to gamification on a CS course was inves-

tigated with qualitative and quantitative approaches.

RQ2.1 What kinds of technical solutions are needed to support gamifi-

cation in computer science education?

Software systems are needed in order to experiment with various gam-

ification mechanics in formal education. RQ2.1 focuses on how these

systems might be implemented based on the work done in PUB V and

PUB VI. Modern online learning environments are increasingly complex

and there is significant overhead in implementing new content. The solu-

tions presented aim at easing the workload of developers while providing

an improved learning experience.

Both PUB V and PUB VI use a constructive approach and focus on the

software designed and implemented. The first step of the constructive

process was to gather requirements from stakeholders that the software

should fulfil. The design phase was followed by implementation, espe-

cially focusing on interoperability which was identified as the most cru-

cial feature based on the requirements gathered. Its significance is also

described in prior literature [21, 29]. Finally, the systems were evaluated
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in how they operated in practice and by collecting and analysing the per-

ceptions of different stakeholders. In addition, a technical evaluation of

the performance of the system described in PUB V was also conducted.

Overall, both publications answer the research question in a concrete

way by showing a possible way to solve the problem of interoperability

in a modern online learning environment. In PUB VI the solution is

focused around the needs of a single learning management system and

thus is more localized. This was later on improved in the design and

implementation of the system described in PUB V, where interoperability

of multiple learning management systems is also considered.

RQ2.2 How do students react to adding achievement badges to online

exercises?

In order to gather evidence on the effects of gamification, an experiment

was conducted to gauge the students’ reactions to achievement badges in

an online learning management system.

In PUB VII both qualitative and quantitative methods were used to

investigate the effects of implementing the badge system on a CS course.

Quantitatively, we measured students’ performance using a within-subject

approach, to complement earlier between-subject research on the same

course [57]. Additionally, we gathered and evaluated log data from the

platform regarding students’ performance and interest in the badges. We

also analyzed students’ feedback regarding the badges on the course that

was gathered by likert scale questions and freeform text feedback.

Based on the results in PUB VII, we find that for the majority of the

students achievement badges were of little to no significance. A small

minority was very vocally against the addition of badges to the course

whilst a slightly larger portion of students seemed to really enjoy them.

Overall, we did notice a small positive correlation in the interest towards

badges to the amount of badges collected.

1.3 Structure

Table 1.1 encapsulates the overall structure of this dissertation regarding

the research questions. It also relates the publications in this dissertation
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Table 1.1. Research questions mapped to sections of the dissertation and publications

Section Publications

RQ1.1 How do online gaming communities

facilitate exposure to computer science and

learning programming?

4.2 PUB I

PUB II

PUB III

RQ1.2 How playing games in adolescence is

related to choosing to major in computer sci-

ence?

4.3 PUB IV

RQ2.1 What kinds of technical solutions are

needed to support gamification in computer

science education?

5.2 PUB V

PUB VI

RQ2.2 How do students react to adding

achievement badges to online exercises?

5.3 PUB VII

to the specific research questions. Similarly, Figure 1.1 shows the main

sections of the work, which are described in the following paragraphs.

Chapter 2 focuses on providing the framing for three different contexts

of learning: formal, non-formal, and informal. It also situates this work

into the broader context of education research. The aim here is to provide

a framework that can be used to view the present work.

Chapter 3 discusses the background with games and game-related learn-

ing and provides a taxonomy of game-related approaches in CS education.

Additionally, a new type of game-related approach – entertainment games

with learnable content – is introduced.

Chapter 4 provides an overview of different types of online communi-

ties in which people watch gaming either live or as recordings. Then, CS

learning and exposure in online gaming communities is discussed based

on PUB I, PUB II, and PUB III in Section 4.2. Section 4.3 discusses

exposure to CS through past gaming experiences and its influence on the

decision to study CS, which relates to analysis in PUB IV. The chapter

concludes with a discussion of the key findings in Section 4.4.
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Figure 1.1. Overall structure of the dissertation

Chapter 5 begins with a brief overview of modern online learning man-

agement systems in Section 5.1. Interoperability and the ability to in-

corporate game-related approaches to CS education is discussed as well.

Then, in Section 5.2 two software solutions for gameful approaches are

discussed that relate to RQ2.1.

First, we describe Acos, introduced in PUB V, an interoperable system

that supports incorporating online learning activities into different LMSs

via multiple protocols. After this, an earlier system described in PUB VI,

Daechschen, is discussed. As a system, Daechschen was focused solely

on enabling achievement badges in a specific LMS. To answer RQ2.2, an

empirical investigation of students’ reactions to badges earned in a CS

course is explored in Section 5.3, based on PUB VII. The chapter con-

cludes in Section 5.4 where different software systems for game-related

approaches are considered and the results of the empirical investigation

are discussed.
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Finally, in Chapter 6 we conclude the work by discussing conclusions

arising from the publications and the dissertation as a whole. Validity and

trustworthiness of the work are also discussed. The chapter concludes by

highlighting interesting avenues for future research.
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2. Background on Learning and
Exposure in Different Contexts

When it comes to learning there is an abundance of theoretical frame-

works to choose from. For this dissertation and the work related to it,

a constructivist approach was adopted. Constructivism is in the main-

stream of current educational research and hence it is particularly well

represented in computer science education research.

Constructivism is based on the idea that the learner (who may or may

not be a student) actively constructs knowledge based on his or her prior

understanding and experience [39]. However, the process of knowledge

construction does not happen in a vacuum, and hence the different con-

texts for learning also discussed in this chapter.

We consider learning in the following contexts: formal, non-formal, and

informal [40]. Formal context refers to learning in the traditional institu-

tions that one thinks of hearing the word ‘education’, such as universities

and schools. Traditionally CER has focused on research in the formal

learning context. Whereas, non-formal education, is intentional learning

happening outside formal learning, such as different clubs and organiza-

tions centered around hobbies. Informal learning might or might not be

intentional and it typically happens alongside other activities.

The aim of this chapter is to situate the present work into different

learning contexts. The goal is to utilize existing frameworks to view CER

– focusing on game-related approaches. Next, in Section 2.1, learning

and education in its various contexts is defined. After this, learning is

considered from a constructivist point of view particularly from a situ-

ated learning perspective in Section 2.2. The focus of Section 2.3 is in

describing various theoretical approaches to motivation and engagement

in educational settings, with an emphasis on games in education. Finally,

in Section 2.4 research focusing on outreach is discussed.
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2.1 Learning, Education, and Contexts

When reviewing definitions that are used for learning, De Houwer et

al. [30] concluded that there have been two approaches. One of them,

a functional definition, states that learning is the changes in behavior re-

sulting from experience. Complementary to this, a mechanistic view of

learning sees learning as the changes that occur in the organism based

on experience. Finally, De Houwer et al. define learning as the changes

in the behavior of an organism that are the result of regularities in the en-

vironment of that organism. This definition expands from previous ones

and has three components:(1) The change in behavior, (2) regularity in the

environment, and (3) the causal relationship between these two.

Given this broad definition of learning, it is natural to ask where does

learning happen. Education is generally considered to be the process that

facilitates learning. But education as a concept is broader than the formal

education that is offered by institutions. A century ago Dewey considered

the different types of education that exist:

“Hence one of the weightiest problems with which the philosophy of edu-

cation has to cope is the method of keeping a proper balance between the

informal and the formal, the incidental and the intentional, modes of edu-

cation” [35]

The terms, informal, formal, incidental, and intentional reflect the vari-

ety of educational contexts where learning can happen. Learning may be

pursued as a primary goal making it very intentional. A typical example

of this type of learning might be a student pursuing a degree in a univer-

sity. A degree offered by an institution would also be considered formal

education. On the other hand, learning can also happen as an unintended

by-product of an activity. In that case it would be more incidental than

intentional. An example could be playing video games that also happen

to include computer science content that the player needs to understand

in order to succeed in the game.

There are no clear boundaries when it comes to intentionality and for-

mality of learning and education. This has also been noted in the litera-

ture, there are no universally agreed upon definitions of what informal,

non-formal, and formal learning are [85]. The rest of this section focuses
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on outlining the different definitions that have been used for these terms

and aligning the current work within these learning contexts.

The Commission of the European Communities (CEC) has sought to pro-

vide definitions for informal, non-formal, and formal learning [40]. Their

approach focuses on the key aspects in differentiating the learning con-

texts: structure, certification, and intentionality. In their definition for-

mal learning is:

“Learning typically provided by an education or training institution,

structured (in terms of learning objectives, learning time or learning sup-

port) and leading to certification. Formal learning is intentional from

the learner’s perspective” [40] (emphasis added)

Formal education is perhaps the easiest to recognize and define due to

its structure. It is provided by an institution (e.g. a university), has struc-

ture (e.g. courses, lectures, exams), and it leads to certification (e.g. mas-

ter’s degree in computer science). Also, it is intentional from the students’

point of view (e.g. requiring entrance exams or tuition fees).

This definition of formal learning can be contrasted to the CEC’s defini-

tion of informal learning:

“Learning resulting from daily life activities related to work, family or

leisure. It is not structured (in terms of learning objectives, learning time

or learning support) and typically does not lead to certification. Infor-

mal learning may be intentional but in most cases it is non-intentional

(or ‘incidental’/random)” [40] (emphasis added)

Examples of this type of learning could be learning in relation to hobbies

(e.g. learning to play an instrument), and/or in the form of consuming

online resources (e.g. discussion forums, videos) that relate to a particular

interest. This type of learning does not lead to certification nor is there

a clear structure or schedule. If the learner has specific knowledge or

skills that he or she wishes to acquire that would mean that learning is

intentional and there is a goal to be pursued.

This definition of informal learning categorizes it to be mostly inciden-

tal. However, this is not always the case. Marsick and Watkins consider

incidental learning a subcategory of informal learning [88], wherein inci-

dental learning alongside another goal:
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“Incidental learning is defined as a byproduct of some other activity, such

as task accomplishment, interpersonal interaction, sensing the organiza-

tional culture, trial-and-error experimentation, or even formal learning.”

Non-formal learning is a term that is also used in the literature. For

some, for example Malcolm et al. [85], it is mostly interchangeable term

with informal learning and the key difference is that the two terms are

used in different disciplines. Alternatively, the European Commission has

defined non-formal learning as distinct from informal learning:

“Learning that is not provided by an education or training institu-

tion and typically does not lead to certification. It is, however, struc-

tured (in terms of learning objectives, learning time or learning support).

Non-formal learning is intentional from the learner’s perspective” [40]

(emphasis added)

An example of non-formal learning could be professional development

events that many technology companies offer. Typically, they happen af-

ter work hours and involve demonstrations or talks. They are structured

(there’s a time and place) and there are learning goals (e.g. a talk focusing

on unit testing within a particular software framework). Those who par-

ticipate do it out of desire to learn resulting from personal or professional

interest. The key differences from formal education are that they do not

involve certification and they are not offered by an educational institu-

tion. Another example of non-formal learning are structured activities

organized by hobby groups. For instance, members of a sports club attend

regular, structured exercise sessions that involve group and individual

learning.

Malcolm et al. devised four aspects to consider when differentiating

between the formality and informality of a learning context: process, lo-

cation and setting, purpose, and content [85]. Process refers to character-

istics such as whether there’s a mentor (formal) or not (informal) and how

assessment is handled. If the physical location of learning is restricted

(e.g. a classroom) or there’s a specific schedule to follow, that also implies

more formal learning. Purpose entails whether the learning is the result

of deliberate focus and whether it leads to certification or if it is done for

the pursuit of other interests such as hobbies. Finally, the content aspect
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refers to whether knowledge is learned for expertise and practice or for

the purpose of developing a new skill due to pursuing an interest such as

in the case of hobbies.

There are many similarities between the aspects listed in the CEC doc-

ument and the four aspects Malcolm et al. proposed. Both approaches

consider the intentionality of the learning as well as process/structure of

the learning and whether there is official certification involved. The key

difference between the two is that Malcolm et al. also consider the content

of learning

Focusing purely on informal learning, Marsick & Volpe identified key

features of informal learning [87]. They consider it to be something that is

integrated into daily routines and which is not typically highly conscious.

They also consider it as a haphazard process that is influenced by chance.

One of the features of informal learning that they emphasize is the impor-

tance of others in informal learning: “Informal learning is enhanced when

people’s chances for meeting new people and ideas are increased.” [87]

Previous research on informal learning has focused on adult education

and especially learning in the workplace in general (e.g. [85, 88, 89]) or

for a specific profession (e.g. sports coaches [97]). Research in informal

learning outside of the work environment seems to have been neglected

in the literature, though changes in technology and the rise of online com-

munities have been noted in studies focused on learning at the workplace

at the beginning of the millenium:

“... technology is changing the face of organizations and having an impact

on the nature of informal and incidental learning. In fact, given the dis-

tributed, asynchronous nature of technology-facilitated interactions, more

may be learned incidentally by learners reading between the lines.” [89]

While the specific details in defining informal, non-formal, and formal

learning differ, there are also many similarities. In this work the term

informal learning is used to refer to learning that happens outside edu-

cational institutions, is driven by internal desire, and is not highly struc-

tured. This context is relevant for the publications PUB I, PUB II, and

PUB III. The other context for learning that is relevant for publications

PUB V, PUB VI, and PUB VII is formal learning, which refers to learn-

ing happening within an institution, consists of deliberate practice, and
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leads to a degree or certification. Figure 2.1 summarizes the learning con-

texts, as well as situates the publications in this thesis into them.

Figure 2.1. Formal, non-formal, and informal learning contexts with the publications in
this dissertation categorized into them.

2.2 Constructivism and Situated Learning

Constructivism is an educational theoretical framework that considers

learning from the point of view that an individual is not an empty slate

but has previous knowledge and experiences that affect the learning pro-

cess. The learner is an active participant who constructs knowledge in-

stead of passively receiving it from a book or a teacher [67, 17].

Constructivism underpins a great deal of computer science education

research. When looking into publications in major CSE forums between

the years 2005-2011 Malmi et al. found that constructivism and subthe-

ories based on it were the most common ones to be utilized [86]. Apply-

ing constructivism to computer science education, however, is not always

straightforward. Ben-Ari [17] noted this by considering the epistemology

of computer science and how it differs from that of physics by students

not having a preconceived notion of how computers work. Though he con-

cludes that the basic principle of constructed knowledge applies to CS as

well.
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When designing learning environments from a constructivist point of

view, Jonassen et al. [67] have argued that there are four salient aspects

to consider: context, constructions, collaboration, and conversation.

By context, they refer to the features of the ‘real world’ that are pertinent

to the learning task at hand. These include physical, organizational, cul-

tural, social, and political issues. Construction refers to the construction

of knowledge resulting from the individual’s experience, either in the ‘real

world’ or in a learning environment. Collaboration refers to the process of

knowledge construction among learners and how that aids in developing,

testing, and evaluating hypotheses. Conversation is the way that learners

negotiate plans for the task at hand. Conversation is required to construct

meaning as knowledge acquisition is mainly mediated by language.

Lave and Wenger have pioneered the theory of situated learning [81]

within the constructivist school of thought. At the core of the theory is

the idea that learning should be situated in real-world scenarios. Situ-

ated learning posits that there are communities of practice, in essence

the practitioners of a particular profession. At the core of these communi-

ties are experts; novices are at the periphery of the communities. Novices

learn and become part of the community through what Lave and Wenger

call Legitimate Peripheral Participation or LPP. Through LPP novices first

participate in simple tasks (peripheral) that are relevant to the commu-

nity (legitimate). Through practice and increasing knowledge novices can

move from the periphery to a more central role in the community and

become experts.

Situated learning and communities of practice have also been inves-

tigated in online communities. Specifically, Henri & Pudelko [60] re-

searched virtual communities of interest. They propose a model that de-

scribes the various types of virtual communities based on their intention-

ality and strength of social bonds. An example of these communities are

virtual communities of interest. They form as people with interest in a

particular topic gather together. The participants in these communities

identify as having more interest in the topic than the members of the pub-

lic. To formalise knowledge and strengthen group identity, these online

communities often produce documents, such as Frequently Asked Ques-

tions (FAQs). The communities discussed in Chapter 4 and in PUB I,

PUB II, and PUB III can be seen as online communities of interest.
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There are also Goal-oriented communities of interest [60]. The difference

between these communities is that they exist due to an external mandate

and have a limited lifespan. Members of these communities identify more

with the goal of the community, e.g. finishing a project, than with their

group identity. Members of these communities are experts that have been

recruited with the purpose of sharing knowledge.

A learners’ community [60] is a community formed by a group of stu-

dents that share a course or a similar activity. These communities are

typically lead by a tutor who encourages collaboration. The focus of these

communities is on learning relevant content knowledge and the commu-

nities themselves spring up and disappear alongside courses.

The final community that Henri & Podenko identified is community of

practice [60]. The members of these communities are already part of a

community of practice in the real world. These virtual communities are

not focused on a specific task but rather consist of professionals working

in a particular field.

Situated learning is not without its critics. For example, Anderson et

al. [10] reviewed empirical studies related to aspects of situated learning.

They showed that the claims of situated learning, such as that instruction

should happen in a complex social environment, was not always supported

by research. They conclude that while some learning is context-dependent

there is also learning that is independent of contexts.

We use the theoretical constructs of LPP and the factors of context, con-

structions, collaboration, and conversation from Jonassen et al. [67] when

we consider the gaming communities and activities in PUB I, PUB II,

and PUB III. Specifically, we focus on the conversation in the context

Youtube videos where programming concepts are discussed inside enter-

tainment games and the conversations that happened during a rapid game

development contest that was streamed live.

2.3 Motivation and Engagement

Typically, motivation has been dichotomized into intrinsic and extrinsic [110]

motivation. Overall the distinction between these two hinges on whether

an activity is pursued because it is inherently interesting (intrinsic moti-
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vation) or if it is being done for a separable outcome (extrinsic motivation),

such as a reward or avoiding sanctions. A simple example of a positive

separable outcome (and thus extrinsic motivation) would be the salary

that one receives from work. In education, an example of avoiding sanc-

tions would be studying for an exam to avoid failing the course or getting

a bad grade.

Gagné & Deci [46] have presented self-determination theory (SDT) which

views motivation as a continuum that ranges from amotivation (complete

lack of motivation) through extrinsic motivation (with various types of

regulations of motivation) to intrinsic motivation. The key difference to

previous cognitive evaluation theories is that extrinsic motivation is com-

prised of varying degrees of autonomy. SDT considers four different levels

of self-determination in extrinsic motivation (in order of increasing auton-

omy): external regulation, introjected regulation, identified regulation,

and integrated regulation.

External regulation in SDT refers to activity that is done for external

reasons only, for example working only when supervised. In turn, intro-

jected regulation refers to the situation where the regulation itself is driv-

ing the person, e.g. when one works in order to feel as a worthy person.

Identified regulation refers to the type of of extrinsic motivation where the

person identifies on a personal level with the values and goals of the ac-

tivity, e.g. a teacher might consider grading essays to not be intrinsically

motivating task but giving feedback and guidance is aligned with their

values as a teacher. Finally, integrated regulation refers to the case where

a person has integrated the regulation as an important part of their iden-

tity, e.g. a teacher might consider being a teacher inherently valuable and

consider that to be an important part of their identity. [46]

Ryan et al. [111] utilized SDT to look into the motivational factors of

playing video games. Through multiple studies they investigated factors

of autonomy, competence, and relatedness as to the reasons why video

games are psychologically attractive. They concluded that in the case

of single-player games, autonomy and competence are motivating factors

and that in multiplayer games all three factors were important.

Myriad techniques have been studied to increase motivation and en-

gagement in the classroom. In recent years, gameful approaches and par-

ticularly gamification (see Section 3.2) have been used in education. The

31



Background on Learning and Exposure in Different Contexts

gamification of educational systems and classroom experiences typically

focuses on extrinsic motivation by providing a system of extrinsic rewards,

such as badges, points or leaderboards (e.g. PUB VII, [32, 57]). In a re-

view of the literature Hamari et al. [5] concluded that gamification does

indeed seem to provide some positive outcomes in terms of engagement.

However, they note that there seems to be underlying confounding fac-

tors which require further study. It should also be noted, that in their

meta-analytical review Deci et al. [31] concluded that giving out extrinsic

rewards undermines existing intrinsic motivation.

In addition to SDT, goal orientation has been used to explain motivation

and has been shown to predict performance and motivation in students in

educational settings [42]. Goal orientation is concerned with the “why and

how people are trying to achieve various objectives and refer to overarching

purposes of achievement behavior” [68]. Kaplan & Maehr ([68]) identified

the mastery and performance. Students with a mastery orientation seek

knowledge for its own sake, and as the name implies, wish to master the

subject. Performance oriented students, in contrast, wish to demonstrate

their competence relative to others. Performance orientation can be fur-

ther divided into performance approach (seeking to demonstrate compe-

tence to peers) and to performance avoidance (trying to avoid demonstrat-

ing incompetence). Finally, avoidance oriented students wish to minimize

effort and generally avoid challenging tasks [12]. Different goal orienta-

tions have been shown to affect the outcomes of educational interventions.

In particular, students with performance approach have been shown to be

more interested in achievement badges in CS contexts [12]. Addition-

ally, goal orientation has been shown to have an effect on gamification

approaches in other domains as well [6].

2.4 Outreach

Somewhere between formal and informal learning and education lies out-

reach. The goals and methods of outreach can vary but generally the aim

is to increase awareness and knowledge of a subject or a field of study, and

often to recruit more people to it.

To promote more strategic approaches to educational outreach particu-

larly in the STEM (Science, Technology, Engineering, Mathematics) field
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Ward [129] has proposed a STEM-EO model. The model is comprised

of three elements: domains, goals, and dimensions. Domains refer to

the different stakeholders in an outreach activity, such as K-12 students,

teachers, or the general community. Goals are the primary objectives of

a particular activity. Examples of goals could be to increase STEM ca-

reer awareness or STEM literacy, additionally the goals often have to do

with STEM recruitment and retention. Finally, the dimensions refer to

the specific features of the outreach activity. These include things as such

the context (whether the activity is aimed at informal or formal learning),

how it is organized (e.g. face-to-face sessions, distance outreach), and in-

structional styles (e.g. inquiry-based learning, demonstrations).

Various game-related outreach activities in the domain of computer sci-

ence have been proposed over the years. For example, Lakanen et al. [79,

80] have organized and studied a summer course on game programming

as a form of outreach. They’ve demonstrated that while students gener-

ally tend to view programming more positively after the course this did

not extend to everyone who took this voluntary course. In particular, they

found out that there are student clusters they’ve labeled as experimenters

and unsatisfieds who are not interested in computer science.

Other game-based approaches have focused on improving the perception

of CS amongst students of different fields. To this end, Zorn et al. [136]

found out that their modified version of Minecraft had a positive impact

on the perception of CS in psychology students.

Gameful approaches to computer science outreach have also been used

without computers. The “CS Unplugged” project aims to increase interest

in CS in primary school students by employing “activities, games, magic

tricks and competitions” [16] without the use of computers. This type of

approach sidesteps issues such as computer availability or the details of

a particular programming language and focuses on the principles behind

computer science. An example of this type of approach is the international

challenge on informatics and computer science thinking, Bebras, (http://

www.bebras.org/) which aims “to promote Informatics (Computer Science,

or Computing) and computational thinking among school students at all

ages.”.
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2.5 Summary

In this chapter, we have introduced three contexts in which learning takes

place, formal, non-formal, and informal. The formal learning context is

relevant for PUB V, PUB VI, and PUB VII. While the informal learning

context is relevant for PUB I, PUB II, PUB III, and PUB IV.

The effect of achievement badges on students behavior and engagement

on a CS course is the topic of PUB VII. Goal-orientation is discussed as

one possible option to explain the results observed. The other publications

related badges are more technical in nature and are informed by prior

literature in software engineering discussed in Chapter 5.

Situated learning and LPP [81] are considered in online gaming com-

munities where games and CS concepts are intertwined PUB I, PUB II,

PUB III). We also consider how gaming hobby is related to choosing to

study CS in a formal context and how this might be utilized in addition to

other novel outreach activities discussed in Section 2.4.
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3. Background on Games and
Gamification

A wide variety of approaches combining games and education have been

used ranging from using aspects of games in non-game contexts, known

as gamification [34], to using whole games that aim at teaching, referred

to as serious games [92].

In education, gamification refers to adding game mechanics or game-

like elements into exercises and courses in a formal learning context. The

elements can be an implicit part of the course (e.g. various points that one

needs to collect from exercises) or more explicit gamification systems such

as awarding achievement badges in online learning management systems

for completing some specific actions. Gamification rose as a trend in edu-

cational research (and elsewhere) during 2010-2012 and Section 3.2 sum-

marizes research in this area focusing on computer science education.

Serious games are another way of integrating games and computer sci-

ence. The term is used to refer to games which have been specifically

designed to achieve some ulterior goal beyond enjoying a game or having

fun. Serious games exist for various purposes but naturally, in this con-

text, Section 3.3 highlights previous research in regarding serious games

in general and in the domain of computer science education. Section 3.3

also covers programming games and using games as a context for pro-

gramming courses.

Various aspects and approaches using gamification and serious games

in computer science education have been researched. However, learning

programming and computer science concepts through commercial games

meant for entertainment has received little to no attention from the CSE

research community, especially in the context of informal learning. Sec-

tion 3.4 presents a novel categorization of entertainment games based on
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how they incorporate or interact with computer science concepts. These

games are also important in the phenomena of watching other people

play games which have become hugely popular over the last ten years.

Through playing, or watching other people play, games that relate to com-

puter science in some way provide a way to gain exposure to computer

science and this phenomenon is discussed further in Chapter 4.

However, before looking at various ways of mixing games and computer

science the concept of a ‘game’ is first discussed in Section 3.1. The section

also defines terminology used in this dissertation regarding games and

learning. Section 3.5 concludes the chapter and provides a summary of

the concepts discussed.

3.1 Defining Games and Game-Related Learning

Defining the word ‘game’ is not straightforward. In fact, the philoso-

pher Wittgenstein argued that games are indefinable [132]. In response

to Wittgenstein’s work, Suits argued that games are definable and with

three criteria: prelusory goal, constitutive rules, and lusory attitude [120].

Prelusory goal (from Latin ‘ludus’ meaning structured play, discussed fur-

ther in Section 3.2) defines a specific state of affairs that the players pur-

sue within the confines of constitutive rules. The constitutive rules re-

strict the players actions such that they are not the most efficient. For ex-

ample, achieving checkmate in chess is trivial if you move your opponents

pieces as well. Finally, with lusory attitude he referred to the act of ac-

cepting the rules and thus making play possible. He provided a summary

of the definition as: “playing a game is the voluntary attempt to overcome

unnecessary obstacles.”

Stenros [118] reviewed the literature on how ‘game’ has been defined

since the 1930s. His work explicitly focuses on the definition of a ‘game’

instead of defining ‘video game’. Based on the 63 definitions gathered, he

provided ten topics that differentiate the various definitions of games.

What Is a Game?

One of the categories in definitions of a ‘game’ that Stenros ([118]) identi-

fied is whether the game is viewed as an artifact (e.g. [121]) or an activity,

such as in Abt’s definition: “a game is an activity among two or more inde-
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pendent decision-makers seeking to achieve their objectives in some limit-

ing context” [7]. In the context of this dissertation, a game is viewed as an

artifact as opposed to an activity. The term game can generally refer to a

variety of different artifacts such as board games or role-playing games.

However, in this dissertation game is used to refer to digital games and

more specifically computer games. Additionally, the activity of playing

these games is also referred to as ‘gaming’.

In the realm of digital games, Keith Burgun has proposed the definition

of a game to be “a system of rules in which agents compete by making am-

biguous decisions”. The concept of an agent in this definition covers both

human players and computer controlled agents. He further argues that

there four are categories of interactive digital entertainment: interactive

systems, puzzles, contests, and games. [22]

The basis for the different types of media is an interactive system, such

as a flight simulator. The other categories add something to the interac-

tive systems. Contests add a competition, an example of a contest could

Guitar Hero (requiring to hit keys in correct order and timing) or other

skills-based systems. On the other hand, puzzles add a problem to be

solved. Puzzles have a ‘correct’ solution and to steps to acquire it do not

involve interesting decisions. Finally, games add interesting decisions

which in this context refer to the fact that the player has a choice or a

dilemma, usually with a trade-off, which alters the game state and affects

future decisions.

As game designer Sid Meier [9] phrased it “Games are a series of inter-

esting decisions”, further clarifying that “Good decisions are situational.

There’s a very key idea that when the decision is presented to the player, ide-

ally it acts in an interesting way with the game situation”. In this sense,

sudoku, much like a system of equations, is a puzzle. In order to solve

a particular sudoku steps can be completed in a different order but ulti-

mately there is a correct solution and whichever path the solver to took

achieve it has no real difference in the outcome. This can be contrasted to

games, which present decisions to the player, such as whether a character

should stay slightly longer in a safer area or proceed to a high-risk place

that has higher rewards. Tied to the idea of decisions is the fact that they

imply consequences which makes them meaningful.
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McGonigal approached the definition of games from a trait perspective.

She identifies four traits that games have: goals, rules, feedback system,

and voluntary participation [90]. A goal gives a sense of purpose to the

players giving them a reason to play. Rules make pursuing this goal non-

trivial and interesting. The feedback system gives the player information

on how well they are progressing towards the goal. And finally, the vol-

untary participation ensures that “the freedom to enter or leave a game

at will ensures that intentionally stressful and challenging work is experi-

enced as safe and pleasurable activity” [90].

Both Burgun’s and McGonigal’s definitions of games have implications

for using gameful approaches in educational contexts. Typically exercises,

for example in mathematics, have a correct solution and steps to achieve

that are taught. This means that they are more akin to a puzzle and the

learner does not have meaningful decisions to make in the process. This

is also true for many gamified exercises. Similarly, the participation in

exercises is often mandatory, whether they are gamified or not. Further-

more, tests and exams can hardly be called pleasurable or non-stressful

activities which rules out voluntary participation in the sense that Mc-

Gonigal [90] was referring to it, even if they involve awarding points and

grades.

Game-Based Learning, Gameful Approaches, and Game-Related
Learning

Though there is no single definition of game-based learning, it generally

refers to using games to somehow enhance learning. The use of these

games might involve games that are designed for educational purposes

or just incorporating elements from games to other educational activities.

Since it is sometimes hard to pin down what makes an approach game-

based learning as opposed to, for instance, experiential learning [78] with

playful elements, an alternative term is used in this dissertation.

In his dissertation, Hakulinen [55] defined ‘gameful approach’ as “an

umbrella term for any method that has some game-like features, ranging

from gamification to fully-fledged games.”. The term includes gamification

(Section 3.2) and serious games (Section 3.3). However, it implies that

there is a deliberate approach that is being taken which does not fit well
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with entertainment games with learning content which are discussed in

Section 3.4.

Another similar term to gameful approaches is game-based learning

(GBL) [103, 106]. There doesn’t seem to be a commonly accepted defi-

nition of GBL, but generally, it can be understood as roughly synonymous

with gameful approaches in education. Though, there is a stronger focus

on using complete games (serious games or educational games) as opposed

to gamification.

To encompass all different aspects and approaches when it comes to

learning computer science through games, we adopt the term game-related

learning (GRL). Figure 3.1 summarises the different terms used with

games and learning and it relates them to each other in the way that they

are used in this dissertation. Furthermore, the figure also includes the

special case in computer science where programming games (or watching

someone else program games) itself can be an educational activity.

One additional game-related term used is ‘games with a purpose’. Though

this term is sometimes used to mean a serious game, it is typically used to

mean games that use some form of “human computation” [8]. These are

games where the developers are looking to do some form of computation

through the actions of the players.

These games with a purpose are typically linked to citizen science activi-

ties. Citizen science projects are “thousands of research projects are engag-

ing millions of individuals – many of whom are not trained as scientists –

in collecting, categorizing, transcribing, or analyzing scientific data.” [18].

A typical example of these types of games is Foldit (https://fold.it/)

where players solving how proteins fold in three-dimensional space. Uti-

lizing the players’ computation in these types of games can lead to novel

discoveries [73]. However, games with a purpose fall outside the scope of

this thesis.

3.2 Gamification

Given that defining what we mean we use the word ‘game’ is difficult (see

Section 3.1), it is similarly difficult to define ‘gamification’. Various defi-

nitions have been proposed. For example, Huotari & Hamari approached
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the definition from a marketing perspective and defined gamification to

be “a process of enhancing a service with affordances for gameful expe-

riences in order to support user’s overall value creation” [62]. For this

dissertation, we use the term gamification as it has been defined by the

most cited definition by Deterding et al. [34]: “the use of game design ele-

ments in non-game contexts”. They situate gamification within these axes:

playing versus gaming and whole versus parts (see Figure 3.2). Playing

and gaming refer to the terms paidia (freeform, unstructured play) and

ludus ("gaming" with rules, goals, and perhaps competition) as used by

Caillois [23]. In this sense, gamification is more akin to gaming with

rules and structure. But at the same time, gamification doesn’t constitute

a whole as games do, instead, it is using game design elements in some

other system.

On the gaming side of the axis in Figure 3.2 examples of whole games

would include complete games, meant for entertainment whether digital

or not, such as chess or League of Legends [109]. On the parts side of the

gaming axis lies various gamification schemes such as those investigated,

for example, in [32, 56, 6].

On the opposing side of gaming is playing or paidia. Deterding et al.

divide playful approaches to those that utilize it fully – toys – and to

those that utilize parts of play – playful design. Playful design or play-

fulness has been described as a “mindset whereby people approach every

day, even mundane, activities with an attitude similar to that of paidia

– as something not serious, with neither a clear goal nor real-world con-

sequences” [83]. A common example of this, enhance regular stairs by

adding speakers and pressure sensors to make each stair play a note and

thus hopefully encouraging people to walk the stairs instead of using an

escalator.

Gamification, and similar approaches, can be thought of as persuasive

technologies. They are a broad category of approaches designed to “nudge”

users towards particular activities or choices. The approaches to persua-

sion are varied, or as IJsselsteijn et al. defined them: “Persuasive technol-

ogy is the general class of technologies that purposefully apply psycholog-

ical principles of persuasion – principles of credibility, trust, reciprocity,

authority and the like – in interactive media, in the service of changing

their users’ attitudes and behavior” [65].
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Figure 3.2. Situating gamification, adapted from [34]

Fogg [45] has suggested a behavior model to aid in the design of per-

suasive technologies. In the behavior model there are three components

to consider when trying to nudge a user towards a particular behavior:

motivation, ability, and triggers. Motivation, whether high or low, obvi-

ously affects the behavior. And similarly, whether a user has the ability

(knowledge, physical capabilities, etc.) to act in a certain way affects the

behavioral outcomes. The last one, trigger, is the final component that

initiates a behavior. He argues that even if a user wants to complete an

activity (motivation) and is capable of doing so (ability), a trigger that

pushes the user to start an activity is still required. In an educational

context, various gamification schemes such as achievement badges can

act as such triggers.

Gamification can be applied in different ways but points, leaderboards,

and badges seem to be the most common approach [5]. Achievement

badges, or just badges, are an optional and visual reward for some activ-

ity. Hamari & Eranti [58] have proposed a framework for designing and

evaluating achievement. In it, they identify three parts to badges: visual,

name, and description (shown also in Figure 3.3). The name denotes and

identifies the badge from other badges, as does the visual. The description

is the part that explains to the user what conditions need to be satisfied

and what action has to be taken in order to achieve that particular badge.

While gamification can be applied in many different contexts, it is often

investigated in educational settings and particularly on online courses.
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Figure 3.3. Anatomy of an achievement badge

Hamari et al. [5] conducted a review on the effects of gamification that

included different contexts for gamification with educational settings be-

ing by far the most common. They note that overall gamification seems

to have mostly positive outcomes. However, they note that the qualitative

studies reviewed also highlighted that some people heavily dislike gami-

fication schemes. This finding is aligned with results in PUB VII where

the student population seemed mostly indifferent towards badges, with

smaller groups of students liking or disliking them.

Denny [32] conducted a large scale (N>1000) controlled trial on the ef-

fects of achievement badges on a student question-answer platform called

PeerWise. They did not discover adverse effects to using achievement

badges. Furthermore, they found that the students answered more ques-

tions and were active more active on the platform. They also noted a

positive correlation between student visits to the page that showed the

students’ badges and the number of badges achieved. A similar correla-

tion was also observed in PUB VII.

Gamification, and especially achievement badges, have been studied in

a computer science education context, as well. Ibáñez et al. [63] inves-

tigated the use of gamification on a programming course using C. They

concluded that the use of badges was particularly effective. Their re-

sults showed a positive increase in engagement as well as a moderate
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improvement in learning outcomes. One of the interesting behaviors they

observed was that some students continued working even after earning

maximum points for an exercise if there were still badges they could earn.

There are also efforts to understand how different students react to gam-

ification schemes based on their goal orientation. Goal orientation refers

to different strategies and preferences in individuals goal selection and

approach to attaining that goal [98]. Hakulinen & Auvinen [56] looked at

badges on a Data Structures and Algorithms course from the perspective

of goal orientation. They found that those students who reported high

motivation regarding badges (based on the end of course questionnaire)

scored higher on mastery-intrinsic, mastery-extrinsic, and performance-

approach orientations. Notably, these students were high performing be-

fore the implementation of badges. Interestingly, they also found a group

of students with avoidance orientation who had a low motivation towards

badges. These results echo those of Abramovich et al. [6] where they found

that middle-school students with different levels of prior knowledge pur-

sued different badges on an applied mathematics course.

Badges and other similar approaches have been criticized due to fo-

cusing on extrinsic motivation with possible negative effects on intrin-

sic motivation [31]. Similarly, badges can have unwanted side effects

such as compromising carefulness in exercises due to badges focusing on

speed [57].

Factors related to motivation and goal orientation might explain why

literature reviews (e.g. [5]) have found studies with both positive and neg-

ative effects, as well as no significant effects, from badges. Altogether,

it seems that there is great importance in how and what kind of badges

are implemented into the curriculum. Furthermore, the ability to turn off

gamification features, whether badges or otherwise, that are extraneous

to the course content should be considered.

3.3 Games as a Context for Learning and Serious Games

While badges have been criticized for their focus on extrinsic motivation,

other gameful approaches that focus on increasing intrinsic motivation

and interest towards computer science have also been studied.
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Serious games have been defined as “games that do not have entertain-

ment, enjoyment, or fun as their primary purpose” [92]. This means that

serious games have been created for some other purpose, typically, but

not always, education. Other purposes include, for example, military re-

cruitment with an America’s Army platform (https://www.americasarmy.

com/) being an early example from 2002. Serious games have also been

used in other contexts, such as in advertising, sometimes referred to as

advergaming, healthcare, and activism. [36]

There have been many varied approaches to using serious games in ed-

ucation. In 2012, Connolly et al. [28] conducted a systematic literature re-

view on the effects of games in education and game-based learning. They

found that serious games indeed have been used in many different disci-

plines but especially in health, business, and social issues. They also iden-

tified a range of outcomes from games that were investigated. Outcomes

related to learning (knowledge acquisition/content understanding) were

amongst the most common themes in addition to motivational outcomes.

They concluded that there is a large range of research on different im-

pacts when it comes to GBL. However, they also highlighted the difficulty

of classifying learning outcomes. Finally, since the research methods and

evidence on the efficacy of GBL were so varied, they called out for more

randomized controlled trial research to strengthen the evidence.

An updated systematic literature based on the earlier work by Connolly

et al. [28] was published in 2016 [19]. In it, they found stronger evidence

for the positive outcomes linked to games. Games for learning, their term

for serious games with learning as an intended outcome, comprised about

half of the 143 papers. Unsurprisingly, knowledge acquisition was the

most common outcome that was intended. The other half of the arti-

cles they reviewed focused on entertainment games. With these, the in-

tended outcomes were more varied, ranging from affective and behavioral

changes to developing soft and social skills. Most of these games were

categorized with the subject area as “not relevant” so they were not tied

to a particular curriculum subject.

They concluded that there has been increased interest in research on the

positive impact that games can have on learning, and though they found

stronger evidence in this review, they call for more systematic research

on what game features most promote learning and knowledge acquisition.

45



Background on Games and Gamification

Finally, they note that even with “the intense interest in games, it is im-

portant to realize that developing games for learning can be very complex

and costly and still provides significant challenges.” [19]

Both Connolly [28] et al. and Boyle et al. [19] use the term COTS

(commercial-off-the-shelf) to refer to the entertainment games that have

been studied in some educational setting. It is worth pointing out that

these differ from the category of games introduced next in Section 3.4 in

two major ways. Firstly, COTS generally do not focus on any particular

curriculum subject or learning outcomes specific to a subject. Secondly,

they are studied in the context of formal education. An example this type

of research that was included in the later review [19] comes from Ventura

et al. [126]. They looked at the relationship between video gameplay and

academic performance finding that a cohort playing games for a medium

amount of time (which they classified 11-50 hours per week) had signif-

icantly higher grade averages compared to low playing (0-10 hours per

week) cohort.

Games in Computer Science Education

In the context of computer science education, Wallace et al. [128] identi-

fied four different approaches to using games. The first two approaches

involve either (1) programming a full game or (2) implementing a critical

part of a game. The third approach involves (3) programming an agent

to interact with the game. Finally, the last way to facilitate learning CS

with games is to (4) play a game that has been designed to teach particu-

lar concepts.

The categorization from Wallace et al. [128] can be simplified to two

broad approaches. In the first approach, the game is used as a context for

learning – by implementing a part or a full game (categories 1-3). While

the other approach is to play a serious game and learn through that (cat-

egory 4).

Though perhaps not immediately obvious, using games as a context in

a CS1 course can create a more authentic environment to learn. This

approach was investigated by Bayliss & Strout [15] to use games as a

“flavor” for a CS1 course. They measured student pass rates on the exam

(no significant differences from last year) and the level of student comfort

and anxiety. They noted a considerable drop in the number of students
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who were intimidated by the knowledge of their peers as compared with

the previous year. However, they note that the drop in anxiety might also

be due to the fact that the course was taught at a distance. They conclude

that students generally liked the game-themed approach.

The other way of utilizing games in CSE, serious games or games for

learning, has also been studied in the context of formal education and

there are a plethora of games that cover different topics typically included

in CS1 curricula [125]. Approaches using serious games in CSE typi-

cally aim to improve engagement and motivation while also supporting

learning, e.g. [96, 71, 14]. Similarly, the types of games that have been

used vary. On one end, there are block-based programming puzzle-based

games, such as commercially available Lightbot (http://lightbot.com/),

or more games developed based on the same idea that has been aimed at

a more specific context and evaluated through research such as Program

Your Robot [71]. At the other end there are more open-ended real-time

strategy games, where the gameplay loop involves more control and plan-

ning such as in Prog&Play [96].

Alternate Reality Games in Computer Science Education

One novel approach utilizing a game with a purpose of learning and in-

creasing interest in CS that has been recently tested is the use of Alter-

nate Reality Games (ARG). Alternate reality games operate in the real

world purporting to replace or modify reality with an alternative one.

They use various normal channels of communication such as blogs, emails,

website, Twitter accounts etc. to distribute and disseminate information

relevant to the game. A typical feature of ARGs is that they do not claim

to be a game, this is referred to as the ‘this is not a game’ aesthetic [130].

Hakulinen [54] organized and investigated a case study for utilizing

ARGs in computer science education and increasing interest in comput-

ing. He conducted ten-week long game featuring puzzles of varying dif-

ficulty levels that were revealed to the players. Solving these puzzles

required skills and knowledge of various topics in computer science such

as converting binary numbers to ASCII characters or finding a solution to

the traveling salesman problem. Based on solutions to the puzzles that

were submitted, as well as observing discussions that participants had on

a forum, he concluded that ARGs can be used to teach computer science
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concepts. Furthermore, they can be a way to expose people that are not

presently studying or working CS to computer science content.

3.4 Entertainment Games with Learnable Content

Games, both for entertainment and/or for learning, have been used and

studied in the context of formal computer science education. What has

not received research interest so far is the potential that games have to

engage, inspire and teach computer science concepts in informal learn-

ing contexts. By its very nature, studying informal learning is a difficult

task. And as was outlined in Section 2.1, the focus of research in informal

learning has been on adult education and workplace learning.

This section outlines a new type of game-related learning in computer

science and programming concepts through games that have been de-

signed for entertainment. A key aspect of these games is that people not

only play them, and thus potentially learn, but also watch other people

play and participate in online communities due to the enjoyment they get

from the games. The phenomenon of watching other people play games

has risen in popularity in gaming communities over the past decade. The

online communities and watching other people play games (and program)

is covered in more detail in Chapter 4. The focus of this section is to

provide examples of learnable content in entertainment games with em-

phasis on computer science concepts.

Games, especially more complex ones available today, are systems that

the player tries to learn and master. Papert has commented on the rela-

tionship between games and learning as:

“The crux of what I want to say is that game designers have a better take

on the nature of learning than curriculum designers. They have to. Their

livelihoods depend on millions of people being prepared to undertake the

serious amount of learning needed to master a complex game.” [101]

If these games contain learnable content that is applicable in the real-

world then it stands to reason that players might then learn skills or

knowledge that transcends the game that has been the focus of their

learning.
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For example, strategy games might be set in real-world locations and

thus teach players about geographies, countries, or municipalities in ac-

tual locations. Furthermore, these features might be relevant for game-

play, thus incentivising the player to learn and master these things in

order to advance in the game. Again, this does not mean that the game is

designed with educational outcomes in mind but rather than a compelling

game was designed that used a real world setting.

A concrete example of learning incidentally from games are historical

grand strategy games, such as Europa Universalis IV [119] that is set in

Europe between 15th and 19th century. Even though it does not aim for

complete historical accuracy, it is inspired and involves historical events.

During the gameplay, if certain conditions are met events can occur. For

example, if playing as an English ruler without a legal heir to the throne

in the 15th century an event referring to the War of Roses triggers, as

shown in Figure 3.4.

Figure 3.4. War of the Roses event in Europa Universalis IV [119]

The previous examples show a variety of learning content that is present

in entertainment games. However, the relevant domain for this disser-

tation is computer science content and how entertainment games relate

to CS. We have devised a categorization of three distinct different ways
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in which entertainment games and computer science content are inter-

twined. We call these categories of interaction: integral, integrated, and

external.

Integral CS content games are those in which successfully playing the

game requires learning some computer science content. However, these

are not serious games due to the fact that they are primarily meant for

entertainment and thus do not aim to include specific topics to satisfy cur-

riculum requirements. In fact, they might omit important topics covered

typically CS1 courses. Nonetheless, they do contain CS content in a way

that is meaningful to the game. Perhaps the best-known example is Light-

bot [82], where the player is guiding a robot through various levels using

simple block-based commands. However, there are games which feature

richer and more complex environments that contain programming.

Shenzhen I/O [134] is an example of this type of game, shown in Fig-

ure 3.5. In the game, the player is tasked, through a narrative, to design

various devices using both digital logic and components as well as code in

an assembly language. In essence, the player progresses through various

levels by combining physical parts with code. The game tests and verifies

that the player-built devices function as they should and gives feedback

to the player.

Figure 3.5. Screenshot from Shenzhen I/O by Zachtronics showing a few components and
a code snippet
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Integrated CS content encompasses games which include a way of pro-

gramming something in the game, typically to automate tasks. What

makes this category different from the previous is that while the pro-

gramming is tied to the core gameplay loop it is not necessary in order

to proceed in the game.

In practice, this typically means that the game offers an application pro-

gramming interface (API) to control undertakings within the game world.

These might be included in the game, for example, the popular online role-

playing game World of Warcraft has a macro system that can be used to

combine and customize abilities within the game (see Listing 3.1).

In other cases, the game might not support programming or macros on

its own, but support can be added to through modifications or mods. An

example of this type of game is Kerbal Space Program [117] in which the

player designs and flies spaceships and rockets to explore the planetary

system in the game. A mod called kOS (https://ksp-kos.github.io/

KOS/) has been developed which adds a custom programming language

to the game that enables players to control the rockets programmatically,

as can be seen in Figure 3.6.

Listing 3.1. An example of a World of Warcraft macro that will teleport the player
to different locations depending on which modifier keys are currently be-
ing pressed. Example taken from https://us.battle.net/forums/en/wow/
topic/16200990425

#showtooltip

/ use [mod: a l t s h i f t ] Teleport : Vale of Eternal Blossoms ;

[mod: c t r l ] Teleport : Stormwind ;

[mod: a l t ] Garrison Hearthstone ;

A slightly different form of integrating CS content into games is to use

them as a simulation environment. A number of games include basic dig-

ital logic gates, such as AND, OR, and NOT. From these the construction

of calculators and even fully functioning CPUs is possible. Perhaps the

most widespread examples of this come from the hugely popular building

game Minecraft [94]. Occasionally these CPUs are featured in popular

media (e.g. [124]), but a myriad of examples can be found on YouTube,

such as a technical explanation of how an Atari 2600 Emulator was built

on Minecraft1. Naturally, implementing CPUs is not the only way to cre-

1https://www.youtube.com/watch?v=jPRkjNDmTlc
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Figure 3.6. Kerbal Space Program running with kOS mod with the code shown in the
background. Example code taken from https://ksp-kos.github.io/KOS_

DOC/tutorials/quickstart.html

ate CS related artifacts, as was the case in one of the videos investigated

in PUB I where an interpreter for BASIC programming language was

built inside Minecraft. It should be noted that not all CS concepts in

Minecraft are so involved and some are just part of the play and a form

computational thinking, e.g. wiring blocks containing logic to enable more

advanced building [122].

External CS content can be summarized by being related to the game

but separated from it. These are programs designed to augment or im-

prove the gameplay in some way without directly interacting with the

game. An example of this type approach would be SimulationCraft (http:

//www.simulationcraft.org/) which is a project to “to explore combat me-

chanics in the popular MMO RPG World of Warcraft. It is a multi-player

event-driven simulator written in C++ that models raid damage”. It sim-

ulates multiple people playing characters in the game in a complex envi-

ronment with many different variables (such as what type of equipment

the character has). The goal of the simulation is to discover optimal equip-

ment and actions for the characters to use in the actual game.

Another example, aimed at improving the player’s life, comes from Fac-

torio (https://www.factorio.com/) which is a base building and logistics
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Figure 3.7. Finding a way to connect pumpjacks in Factorio, arrows denote the places
where pipes need to connect.

management game. Oil, a resource in the game, appears in groups small

patches which need to be interconnected with a pipe (see Figure 3.7. One

player designed a Python script which calculates a way to connect all the

patches with pipes by using the A* algorithm to solve the distances be-

tween patches and then calculates a minimum spanning tree to figure

out the connections – activities which would not be out of place in a data

structures and algorithms course! This example can be found online2 and

similar examples of CS content in entertainment games are further dis-

cussed in Chapter 4.

2https://www.reddit.com/r/factorio/comments/6all0k/after_those_
blueprintwizardryposts_i_decided_to/
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3.5 Summary of Game-Related Learning in Computer Science
Education

Even though defining a ‘game’ is not as straightforward as it might seem,

some features attributed to games are of particular interest when it comes

to combining games and education. Chief amongst these are the concepts

of voluntary participation and the idea of meaningful decisions.

This section introduced how games and learning programming, as well

as, computer science has been combined. These approaches vary from

utilizing game mechanics and elements in non-game contexts, known as

gamification, discussed in Section 3.2 and that is the context of PUB V

PUB VI, and PUB VII. The approaches to combining CS and games

have varied from serious games in formal contexts [15] and informal con-

texts [50]. We are presently not aware of any prior research investigating

gamification of CS education in informal contexts, which is the topic of

PUB I, PUB II, and PUB III.

Using games designed for education, also called serious games, was in-

troduced in 3.3. Varying approaches to serious games in the computer

science education have been researched, ranging from alternate reality

games to encourage learning CS [54] concepts to using games as a context

for CS courses [15].

Finally, in Section 3.4, categorization of games that are relevant for

learning computer science concepts are introduced. The games can be or-

ganized as having CS content being integral, integrated, or external to the

gameplay. Research in the phenomenon of people, perhaps, learning CS

through games not meant for that purpose has been so far non-existent.

Whether or not learning happens is hard to verify. However, through some

online gaming communities participants are exposed to computer science

concepts and programming. A related phenomenon to the games meant

for entertainment is one of people watching other people play these games

which will be discussed in more detail in the next chapter.
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The culture around playing games has changed drastically in the past

few decades. Whereas once games were played mostly at home either

alone or with friends gathered around the same monitor or television,

games are increasingly being played online. In addition to playing games

online, gaming is broadcasted allowing anyone interested with an internet

connection to tune in and watch it.

This chapter begins with Section 4.1 outlining different ways in which

playing games are watched: esports1, let’s plays (a narrated recording of

one’s playing), and live-streaming (similar to let’s plays, except the audi-

ence is watching it in real time as it happens). The section also outlines

how these online gaming communities are relevant for computer science

education.

Section 4.2 focuses on research related to learning and exposure to com-

puter science through investigating two different types of online gaming

communities. Firstly, PUB I investigated the types of gaming videos

that relate to CS on the YouTube platform. From the found videos,two

were selected for closer analysis by examining the discussions happening

in the comment sections. Secondly, PUB II looked into live-streaming

and computer science focusing on the discussions that happened during

live-streams related to game programming. Finally, the data sets from

PUB I and PUB II were combined and analyzed together in PUB III.

The third publication relevant for this chapter, PUB IV, is discussed in

Section 4.3. It looks into the histories of CS major students who reflected

1Various different spellings of ‘esports’ have been suggested, for example, e-
sports and eSports. In this dissertation, the spelling that is used is esports which
is aligned with other similar terms, such as email.
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their reasons for choosing this major. The research focuses on building

a categorization of the types of game-related experiences students had in

the past. In addition to this, part of the analysis focuses on how students

view game development as a career option.

This chapter concludes in Section 4.4 by looking at the different research

in online communities conducted in PUB I, PUB II, and PUB III as a

whole.

4.1 People Watching Other People Play

Playing games for entertainment is hugely popular and an important part

of the current cultural landscape. Recent numbers from the Entertain-

ment Software Association (ESA) show that in the United States alone

67 % of households own a device that is used for playing games [43]. An-

other aspect worth noting from the ESA study is that the average gamer

is 35 years old, so gaming is not just a children’s pastime.

Alongside the popularity of playing games, watching other people play

has also grown in popularity. As early as 2012, Kaytoue et al. [70] sug-

gested that these live-streamers and those who watch them form new

types of online communities.

While not the only form of watching people play games online, esports –

watching people play video games competitively – is perhaps the one that

is more easily understood for someone who is not familiar with the current

gaming trends. After all, watching regular sports is a familiar pastime

for many and also an industry on its own. The popularity of esports has

risen in the past two decades whether measured in prize money [37] or in

viewers [48]. Already in 2013, Witkowski et al. noted that “e-sports tour-

naments have spectator numbers in the millions, recent franchise games

have logged over a billion hours of gameplay, while experts and amateur

e-sports enthusiasts alike regularly broadcast and share their competitive

play online” [131].

Due to the popularity of watching people playing games, it has also cre-

ated more business opportunities. As an example, Amazon acquired a

popular live streaming platform Twitch.tv for $ 970 million in 2014 and

at that time the platform had more than 40 percent of live streaming

56



Games and Exposure to Computer Science

video traffic [74]. Earlier in 2014 Twitch.tv had hosted a game project

‘Twitch plays Pokémon’ in which 1.6 million participated playing a game

collaboratively. The viewers had the option to type out commands (e.g.

‘left’, ‘up’) to the chat which were relayed to the game. In addition to the

participants, the event also gathered 55 million viewers [135].

Broadly speaking, there are three categories of watching other people

play digital games: esports, let’s plays, and live-streaming. Often these

types of watching people play are talked separately, but there are similar-

ities between them and the line between let’s plays and live-streaming is

not well defined. While there are multiple platforms online for consum-

ing and creating different types of digital content, Twitch.tv is the most

popular one when it comes to live-streams with gaming.

Esports

Esports, sometimes also called e-sports or eSports, short for electronic

sports refers to competitively playing video games, typically for prize money.

Similar to other sports, esports have their own leagues for different games

but instead of teams based on nationality or particular geographic loca-

tion, the teams are arranged into organizations.

As an example, the popular competitive battle arena game Dota 2 has

an annual tournament where the prize money has been increasing every

year. In 2017, ‘The International’ tournament held its largest prize pool

yet of over $24 million with $10 million going to the winning team [37].

During the final, more than 400,000 people watched the event live on

Twitch.tv [102].

However, the games played within esports are not relevant when it

comes to learning CS concepts or being exposed to computer science in

general. Esports is merely introduced here to give a broader view to the

phenomenon of watching other people play. Though esports is not relevant

for learning computer science, people do watch streams in order to learn

aspects of a particular game, and for entertainment more broadly [59].

Let’s plays and YouTube

Where esports focuses on competition and watching professional players

compete against each other, let’s plays focus on watching someone play

a particular game and narrate the events. Typically these let’s plays fo-
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cus on the experience of the one who is playing and they are uploaded to

popular video sharing services, such as YouTube, as a series of episodes.

Which games get played depends on the content creator’s preferences.

Typically, different creators focus on different types of games or a particu-

lar form of let’s plays. These videos are relevant for computer science ed-

ucation since they can feature games with computer science content. Fur-

thermore, sometimes the content creator has a background in CS and ex-

plicitly discusses the CS content within the games. One example of an au-

thor explaining CS concept through a game, is the YouTube video ‘BASIC

Programming Language in Minecraft’ (https://www.youtube.com/watch?

v=t4e7PjRygt0) in which the author explains how he implemented BASIC

interpreter using blocks available in Minecraft. This video and analysis

are discussed further in Section 4.2, as well as, in PUB I.

YouTube has been noted as an online platform for learning where user-

generated content plays an important role [127]. Similarly to viewing

live-streams having participatory communities, in 2010 Chau [25] looked

at YouTube and wrote about it as participatory culture. Participatory

culture consists of five features: low barrier to expression and civic en-

gagement, support for creating and sharing project, informal mentorship,

belief that contributions matter, and a sense of social connection. Chau

looks at YouTube through these different features and concludes that it

truly is participatory culture.

Two of these five aspects are particularly relevant to the topic at hand:

the low barrier to expression, as well as, informal mentorship. Chau

looks at expression and civic engagement through the ideas of commu-

nities of practice and legitimate peripheral participation [81] (see also,

Section 2.2). Creating videos and leaving comments to videos is central

to the community whereas watching, liking, or sharing video is more akin

to peripheral participation. Related to this, the informal mentorship is

an important part of the community as well. Videos teaching various top-

ics are popular, and Chau showcases examples where YouTube creators

make videos that teach topics related to video creation, such as how to

edit videos or produce a particular type of video, and thus showing new

members how to join to the community of video creators.

Videos posted on YouTube have been studied in the formal context of

education. For example, Carlisle [24] created YouTube videos to partly re-
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place traditional lectures on their CS1 course. They found that students

preferred the videos, as well as the shortened lectures that accompanied

the videos. Importantly, they found that students performed at least as

well after the videos as they did prior to watching the video lectures. In-

terestingly, they conclude that even though the videos were created for

a particular course and an audience, 13-17-year olds also viewed the lec-

tures. They further speculate that video lectures might be incorporated

into an outreach program for their institution.

In the informal context of learning, the communal aspect and creat-

ing instructional videos on YouTube is also present in computer science

and programming content. Though the impact of these videos in informal

learning has not been studied, the videos themselves have been studied.

For example, Poché et al. [104] analyzed 6000 comments taken from 12

programming tutorial videos from YouTube. Their main aim was to cre-

ate a system to categorize and summarize the comments to aid the content

creators in improving their videos. However, it is interesting to note that

they found that out of all the comments approximately 30 % contained

useful information for the video author, showcasing the participatory na-

ture of YouTube.

In physics education, Mohanty & Cantu [93] explored how to use com-

mercial games, built for entertainment not for education, to teach intro-

ductory physics concepts. They note that the games they discuss do have

game-play videos available on YouTube, though they do not focus on this

aspect. However, they do discuss anecdotal evidence that a student con-

sidered the concepts of Newtonian mechanics outside the classroom and

in another game. While discussing this, they note that: “games allow this

kind of self-motivated learning to continue outside the classroom.” [93]

Researching online videos for educational purposes is not limited to

just YouTube. The surge in popularity for Massive Open Online Courses

(MOOCs) has led to increasing interest in analyzing the effects of utilizing

different type of educational videos. For example, Guo et al. looked at the

viewing habits of 6.9 million video watching sessions from MOOCs held

on the edX platform and concluded lectures recorded specifically for on-

line usage were more engaging compared to using video recordings from

traditional lectures[52]. However, those who watch these videos have a

clear intention of learning and they belong to formal learning context.
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Live-streaming and Twitch.tv

Live-streaming, as the name implies, refers to streaming video of playing

a game to a live audience. In addition to the actual gameplay, emphasis

is also placed on interacting with the audience. Typically, this is helped

by the fact that the content creator has an additional webcam feed show-

ing her face thus allowing for more nuanced reactions to situations in the

game as they occur. Though it is possible to record and watch these live-

streams as video-on-demand (vod), the immediacy of audience participa-

tion is particularly important. The audience not only has an opportunity

to interact with the streamer but also with each other.

Figure 4.1. A streamer playing Shenzhen I/O

Figure 4.1 shows a typical setup for live-streaming (as well as many let’s

plays). The streamer has a webcam in a corner of the stream to show his

or her reactions and connect with the audience while the game itself takes

up the majority of the space. An important aspect of live-streams is the

discussion that happens during the stream with the audience, an example

of this is shown in Figure 4.2.

Originally Twitch.tv was solely focused on streaming gaming-related

content, but in 2015 they changed policies and allowed what they called

the Creative community to start streaming their stating that they “en-

courage you to broadcast your creative process on Twitch, be that visual

art, woodworking, costume creation, prop building, music composition, or
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Figure 4.2. A streamer programming in Unity with the chat displayed on the right

any other process in which you entertain and connect around a creative ac-

tivity.” [95]. Programming is included in Twitch.tv’s creative community

and thus people have been able to broadcast the process of programming,

as seen in Figure 4.2.

In a recent study, Sjöblom & Hamari [115] approached the reasons and

motivations of the viewers of live-streams featuring games using uses and

gratifications framework. Specifically, the motivations they looked into

were: cognitive, affective, personal integrative, social integrative, and ten-

sion release. Of these motivations, they found that tension release, social

integrative, and affective motivations were positively associated with the

number of hours watching live-streams.

Interestingly, they also found that information seeking was also associ-

ated with more hours watched, though the effect was not as pronounced.

Sjöblom & Hamari speculated that this might be due to viewers watching

the streams for other motivations but end up receiving “cognitive gratifi-

cation as a by-product” [115]. They go on to speculate that while YouTube

and similar recordings of gameplay allow pausing and studying the videos

in detail, live-streaming affords more of a teacher-student relationship

due to two-way communication that is possible during live-streams. This

type of effect was also noticed in PUB III where some of the viewers saw

the streamer as a mentor.

Hamilton et al. [59] conducted an ethnographic study on streaming games

on Twitch.tv. They see two main reasons for interest in a particular

stream: the content that the stream offers and participating in the streams

community. They view the streams as participatory communities. These
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communities can be reflected through the lens of communities of interest,

as described in Section 2.2. However, Hamilton et al. reflect the commu-

nities and gatherings of people during streams through the idea of a third

place. Oldenburg describes third places as “public places that host the

regular, voluntary, informal, and happily anticipated gatherings of indi-

viduals beyond the realms of home and work” [99]. Later on, the concept

of third place has been extended to online communities [108].

In their study, Hamilton et al. [59] placed emphasis on exploring the

regulars in the streaming communities. Regulars, as they were seen by

Oldenburg, are the ones “whose mood and manner provide the infectious

and contagious style of interaction and whose acceptance of new faces is

crucial” [99]. Hamilton et al. see the role of regulars as crucial in creating,

alongside with the streamer, the community.

4.2 Computer Science in Online Gaming Communities

Though the phenomenon of watching other people play games is relatively

new, some research looking into the motivation of the viewers of these live-

streams exist. Though it should be noted that this research is often still

preliminary, as well as, looking at the phenomenon from a general point of

view – instead of looking into specific areas such as exposure to computer

science.

The datasets used in PUB I, PUB II, and PUB III are described briefly

in Table 4.1. The abbreviations for the datasets are used throughout Sec-

tions 4.2.1, 4.2.2, and 4.2.3. Different quotes from these datasets are iden-

tified by user/dataset marking, e.g. user1/V1.

4.2.1 Programming in Gaming-related Videos on YouTube

This section summarizes work in PUB I that relates gaming videos on

YouTube to computer science content. To investigate the connection data

was gathered with two goals: (1) find out what types of videos there are

that relate games to computer science (2) what type of discussions the

viewers had in the comments related to the videos.

In early 2016, a preliminary set of 50 videos were collected to provide a

basis for classification for the different types of gaming videos on YouTube
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Table 4.1. Datasets from PUB I, PUB II, and PUB III with the abbreviations for them
used in this chapter

Abbreviation Description

V1 Comments from a video describing an implementa-

tion of a BASIC interpreter inside Minecraft

V2 Comments from video discussing using a cus-

tomized programming language inside a game to

control rockets

S1 Discussions during a live-stream showcasing the

programming a video game during a game pro-

gramming contest

that also relate to computer science in some way. Through inductive con-

tent analysis based on the titles and contents of the videos we derived the

following set of categories from this initial group of videos:

• Games Enhanced by Programming Videos featuring games that con-

tain CS

• Game Programming Tutorial Tutorial videos teaching aspects of game

programming

• Modding Tutorials Videos showing how to modify (mod) a particular

game

• Game Programming Discussion Videos discussing on a general level

what the work of a game programmer entails

• Other The small number of videos that did not fit the above categories

For this categorization, we selected videos by querying https://gaming.

youtube.com with the search term ‘programming’ and selecting the first

400 results2. YouTube’s gaming-oriented site is essentially a dedicated

video interface that also contains some extra information (e.g. the games

featured in the videos are shown separately in the interface, facilitating

2To make to categorization practical we limited the number of videos to 400.
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searching similar content). It also limits the search queries to gaming-

related videos.

The videos were coded into the categories separate by the authors of

PUB I. The individual coding reached an agreement of Cohen’s κ = 0.619.

The conflicts in codings were resolved through discussion to reach an

agreement. Table 4.2 shows the final categorization of videos, and as

can be seen, the game programming videos were the most numerous with

more than half of the videos falling into that category. About 10 % of

the videos belonged to the category of gameplay enhanced by program-

ming which were then further studied by looking at the content of selected

videos, as well as, the discussions happening in the comment section.

Videos in the other category were not directly related to programming

and were thus excluded from further analysis. They covered such topics

as configuring a flight stick (e.g. “Programming The Saitek X55 Slider”)

and sometimes were not even directly related to games (e.g. “Microsoft

Surface Pro 3 - The Nerdiest Review”.

Category # %

Games enhanced by Programming 38 10

Game programming tutorial 242 61

Modding tutorials 7 2

Game programming discussion 56 14

Other 57 14

Table 4.2. The distribution of the videos (N=400) from PUB I

Two different type of videos were selected for investigating the discus-

sions in the comments. The first video3 (V1) selected features the author

describing how he implemented BASIC interpreter inside Minecraft, as

seen in Figure 4.3. He explains how the interpreter works, and he also

showcases how this language can be used to automate tasks inside the

game.

The second video4 (V2), shown in Figure 4.4, features Kerbal Space Pro-

gram (KSP) – a game of building rockets and spaceships and then control-

ling them in missions around the solar system. The video focuses on an

add-on to the game, called kOS, which enables the player to control the

3https://www.youtube.com/watch?v=t4e7PjRygt0
4https://www.youtube.com/watch?v=FPDPzsnlHOI

64



Games and Exposure to Computer Science

Figure 4.3. Frame from V1 showing a code snippet inside Minecraft

vehicles in the game through a programming language created for that

purpose. The author demonstrates a script and explains its operation and

how it affects the rocket. He also goes on to discuss the automation in a

broader context and the similarities to programming real-life rockets and

rovers.

The first (by the default sorting of YouTube) 350 comments from both

videos were retrieved through a script. The first step to analyzing the

discussion was to trim it down to the comments that had some relevance

to computer science. That is to say, comments that were irrelevant to the

video, jokes, spam, and such were removed. This meant that there were

139 comments for V1 and 73 comments for V2 remaining.

We (the authors of PUB I) started open coding the remaining comments.

Open coding is the first step in Grounded Theory (GT) – a qualitative

research method that has also been applied in computer science education

research [75]. The core idea is to build theories that are grounded in the
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Figure 4.4. Frame from V2 showing the space ship in KSP with the code on the left

qualitative data. The second stage of GT consists of axial coding in which

the initial open codes are abstracted into categories and themes.

Based on the open codes, the following themes emerged in the axial cod-

ing: Programming Languages, Efficiency, and Learning Experience. Pro-

gramming Languages were discussed mainly in comments for V2 since

it featured a custom language. Overall the topic of authenticity was dis-

cussed regarding the languages. Efficiency was a topic visited in both

videos. In V2 it was primarily discussed in regard to some parameters

of the code which could be optimized. V1 featured a short script to find

prime numbers, which could also be optimized as was pointed out in many

comments.

The final category, learning experience, consisted of comments describ-

ing the experience of learning programming. Some of the comments were

more general, such as “To be honest, logical-block-style programming is
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taught very very early in some places now. Because it teaches logic with-

out needing to learn a programming language syntax.” (user1/V2). While

other discussion recounted more personal experiences: “the main reason

it was hard for me to get into programming was because the IDE was made

for more experienced people and was packed with features” (user2/V1).

4.2.2 Discussions During a Game Programming Live-stream
Event

Live-streaming and the online gaming communities related to that were

the focus of PUB II. To understand the phenomenon of live-streaming and

how it relates to computer science education, chat-logs were collected and

analyzed during a competitive game programming event from a single

streamer participating in it.

Ludum Dare is an event in which “developers create games from scratch

in a weekend based on a theme suggested by the community” [84]. During

the 37th Ludum Dare, held December 9th–11th, 2016, one stream and the

chat channel related to it was recorded. The streamer had three distinct

streams during the weekend lasting 6, 12, and 14 hours. The streams

reached respectively 3600, 1700, and 1100 viewers. During the streams,

the community typed about 39,000 comments to the chat.

It is worth noting that the content creator typically streams regular

games and gameplay instead of streaming programming or game devel-

opment. Thus he has an audience that is accustomed to seeing gaming

content, though at least in some cases they do turn up for the program-

ming streams as well.

Since the number of comments during the weekend was so large, the

dataset was reduced in size by filtering the comments with relevant key-

words, such as names of programming languages, concepts, and constructs.

Similarly to PUB I, the relevant comments were first open coded and from

those, the emergent themes were abstracted during axial coding. The fi-

nal categories of the comments were: Interest in Programming, Questions

& Answers, Interaction With Streamer, and General Computer Science

Discussion. In the coming sections, these comments are marked with S1.

Questions and answers featured prominently in the CS related discus-

sions. The questions ranged from very broad ones, such as asking tips

on participating to Ludum dare events, to very specific ones, inquiring
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about particular features of a particular programming language. A sense

of community is evident in all of the categories. However, it is particu-

larly clear in the questions and answers because some of the questions

were directly aimed at the streamer but they were also answered by other

members of the community.

Interaction with the streamer is what really sets streaming apart from

recordings on YouTube and similar platforms. This interaction is not just

limited to questions but it can, for example, be appreciative of the stream-

ers work and recognizing their role in a learning process: “Hey [streamer],

I really enjoyed watching your hell wars game from ludum dare 33, I

learned a lot about c# delegates through it.” (user3/S1). These interac-

tions also make the streams more collaborative and the viewers can and

do contribute to the process: “try removing your clamp code that moves the

model downward” (user4/S1).

Finally, there was general computer science discussion which did not

necessarily relate to the current stream in any way. Participants dis-

cussed features in different programming languages. Similarly to PUB I,

there were also discussions regarding the experience of learning to pro-

gram: “yep python was the first language i learned and is a great one to

start with” (user5/S1).

PUB II also reflects on the potential uses of live-streaming in more for-

mal education. Three distinct approaches to utilizing streams can be seen:

Outreach – Streams are in a unique position to showcase what the work

of a programmer or a developer might look like to an audience that might

not encounter it otherwise. Potentially, this can work as an outreach pro-

gram to expose people to computer science. There were also indications of

this happening with the discussions the viewers had during the streams.

Teaching Method – With the popularity of various programming MOOCs

(Massive Open Online Course), streaming could be an additional teaching

method. The live interaction allows for questions that directly relate to

the code being currently worked on. Importantly, other participants can

also answer questions as well – something which is not possible during

traditional lectures.

Extra-curricular material – Finally, live-streams and recordings of live-

streams could be used as an additional resource for courses. Many streams
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are stored and published as VODs (video on demand) directly on Twitch.tv

or later on YouTube. These allow the viewer to see a longer and more com-

plex programs being created. Additionally, the VODs might not be rele-

vant to interesting to all students but they could be a valuable source of

learning for those interested in a topic that is featured on that particular

stream.

4.2.3 Combined Analysis of Comment Data from YouTube and
Twitch.tv

In order to look at the phenomenon of online gaming communities and

learning computer science concepts, PUB III looks at the combined datasets

from PUB I and PUB II. The datasets in this publication are referred to

with the same identifiers as in the previous sections. Namely, V1 and V2

refer to the videos originally investigated in PUB I and S1 to the live-

stream analyzed in PUB II.

Doing a combined analysis using both datasets improves the categoriza-

tion of different types of discussions that relate to CS that are happen-

ing in these communities. Since the context of the conversations and the

communities in which they happened were fairly different, our aim was

to produce a categorization that would apply to many different types of

online gaming communities.

The filtered list of comments regarding V1 and V2 were kept the same

as in PUB I. However, for S1 we redid the keyword filtering of the chat

comments to include as many comments relevant to computer science as

possible. The filtering of the original 38,694 comments to the chat re-

sulted in 2079 user interactions. These were then read through by both

authors of PUB III to ensure the relevance of the comments. This pro-

cess reduced the dataset to 365 comments that were then used with the

relevant comments from V1 and V2 to start the open coding. In the axial

coding, three major themes emerged from the datasets: Learning, Pro-

gramming Experience, and Community. Similar comments were grouped

into subcategories within the themes.

Learning – The range of viewers with varied backgrounds to YouTube

and Twitch seemed to lead to a host of discussions regarding learning

computer science. Some of the comments implied a desire to learn CS,
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such as “I keep telling myself I want to learn programming. Watching this

both inspires me and terrifies me ” (user6/S1). Though poor self-efficacy

was not as common, it was still present in the comments, e.g. “program-

ming seems totally impossible to me” (user7/S1). Due to the context, it is

not surprising that game development was a motivation for learning pro-

gramming. There were also thoughts shared on the resources to learn, as

well as, as well as enthusiasm for programming “im 13 and learning c#

and uss unity and blender so I’m starting young but think I may be able to

make it.... and even better I find coding fun XD” (user8/S1).

Programming Experience – Discussions within learning theme were gen-

erally had by those who were seemingly less familiar with programming.

But the theme of programming experience was naturally discussed more

by those with more prior CS experience. A common topic of discussion

under this category was programming languages and paradigms where

the discussion ranged from considering features of individual languages

to comparing paradigms in programming. As was the case in PUB I, effi-

ciency was discussed in S1 as well, where discussion also covered aspects

of memory management. Debugging was a topic that was only seen in S1,

probably due to the fact that the events happened live thus making audi-

ence participation easier. Additionally, code that is featured in videos is

presumably more polished than one that is being written at the moment.

Especially those who seemed to have an undergraduate background also

discussed CS in terms of a professional career.

Community – The sense of community and people coming together to

spend time together was definitely more noticeable in discussion happen-

ing during S1. This is understandable since the streamer has regulars

in the audience – something which is not often achieved in YouTube com-

ments. Two subcategories under this theme were particularly noticeable.

Firstly, there was a strong sense of encouragement for newcomers to learn

to program, which were seen in replies to newcomers such as “Program-

ming is one of the most rewarding things in my life. If you’re enjoying this

stream, you should try to dabble in the basics. I think you’ll like that as

well.” (user9/S1).

The second noticeable topic of discussion was that of seeing the streamer

as a role model. This was reflected in the comments and questions in-
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quiring about his background, for example ‘‘does [streamer] have a back-

ground in computer science?” (user10/S1). Many comments also reflected

appreciation towards the work that the streamer does. This included the

programming live-streams, as well as, the programming tutorials he posts

on YouTube: “[streamer] Your FPS Multiplayer tutorial was the one that

opened the door to Unity3d programming for me.” (user11/S1).

In addition to the themes present in the discussions, PUB III also out-

lines perspectives to online gaming communities to aid in future research.

These perspectives aim at capturing the differences in online communi-

ties when it comes to computer science content. The four perspectives we

identified were: engagement, interactivity, exposure, and technical detail.

Engagement and interactivity are essentially two sides of the same coin.

When platforms afford more engagement it means that the viewers are

able to contribute through legitimate peripheral participation (see Sec-

tion 2.2). With live-streaming, this process is facilitated by interactivity

that is possible due to the platform. Video sharing sites typically have

lower, asynchronous interactivity in the form of leaving comments to the

video while streaming services offer synchronous interactivity through

real-time chats with the streamer, as well as, amongst the viewers.

Exposure is the potential reach that the platform has. In videos like

V1 and V2, the games themselves are already popular and they attract

more viewers due to the games featured in them and the authors creating

those videos. That can be contrasted to S1 where the viewers need to

know when the live-stream is happening in order to tune in.

Technical detail describes the level of detail that technical and more

complicated aspects of programming and computer science that are dis-

cussed. Short ten minute videos, such as V1 and V2, which were aimed

at the gaming community at large, naturally cannot go into much detail.

Correspondingly, longer (which is typically the case) live-streams can go

into much more detail but at the same time, they might not be as accessi-

ble to someone not already familiar with programming.
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4.3 Exposure to Games and Studying Computer Science

Where PUB I, PUB II, and PUB III investigated online gaming com-

munities and how exposure to computer science is connected to them,

PUB IV explored how university students in a computer science program

reflected about their experiences with games. The aim of this study was

to gain insights on how exposure to games might relate to choosing their

field of study.

The datasets were originally gathered for a separate research project

aimed at investigating the CS students background more broadly. How-

ever, since it contained a considerable portion of details about past gaming

experiences that came up unprompted, we used the datasets in PUB IV as

well. The qualitative approach in PUB IV relied on two different datasets

gathered from students majoring in computer science:

• Essays were written as an assignment on an introductory course that

was mandatory for the first-year students in computer science. Stu-

dents were asked to reflect on the some or all of following topics: “time

before university studies”, “reasons for choosing this university”, “why

you chose CS major”, “expectations regarding studies at the university”,

“what interests you in their future studies”, “what does not interest you

in their future studies”, “strengths as a student”, “weaknesses as a stu-

dent”, and “career plans’ which had been used in similar research in

similar settings [100]. There were 69 participants on the course and

thus 69 essays. It is worth pointing out, that students were not explic-

itly prompted to write about topics related to games.

• Interviews provided a second data source to students’ current and past

game playing. This time the participants (N=9) were from a data struc-

tures and algorithms course. The semi-structured interviews were a

part of another research project related to students experiences with

online learning and gamification. The participants were selected to rep-

resent different goal orientations [98].

The essays were written in Finnish and the interviews were conducted

in Finnish as well. Thus the analysis was done entirely in Finnish and the
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quotes presented from these datasets have been translated. The analysis

began with the essays, of approximately 500-750 words, which were read

through. Based on the initial reading three of the categories contained

themes related to games: the time before studies, reasons for choosing

CS as a major, and what interests the students in future studies. Almost

a third (22/69) of the essays were considered relevant, in other words,

games were present in some form in the essay. These were then selected

for further study and read through multiple times.

The pertinent sections were then categorized, similarly to approaches

in PUB III and PUB I. Based on the essays the relevant themes emerg-

ing from the data were: Games as interest Triggers for Computing, Pro-

gramming (in) Games, and Game Development as Career. We left the

option open to expand these categories based on the interview data. How-

ever, during analysis of the interviews no new themes emerged despite the

fact that all nine interviewees recounted either playing games currently

or in the past.

Games as interest Triggers for Computing

Under this category, the games did not necessarily provide the impetus

to learn computer science yet. However, what they did provide was the

motivation to understand computers, for instance, how to turn them on

without older siblings. Some students directly credited this for their in-

terest in the field:

“... different games got me interested in computers and how they work.

At the moment, I don’t play nearly as much as I did in my childhood but

the interested in information technology has stayed.” (essay, translated)

Programming (in) Games

There were two types accounts when it came to students’ past experiences

regarding games and programming. On one hand, some remarked that

they had the desire to learn to program in order to create games. On

the other hand, games that incorporated programming, as discussed in

Section 3.4, were the spark to learn to program:

“[Programming] was just a thing I encountered in a game which required

a little bit of programming. Some games are like that where you can de-
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velop in them a bit. Then I realized I didn’t know anything about program-

ming and it would be nice to know.” (interview, translated)

Game Development as Career

When it came to future plans, working in game development was seen as

an appealing option. Some saw the industry as a growing one with an

increasing need for developers, while others saw it as an opportunity for

creative work, for example:

“I’ve always been interested in the game development industry and the

possibilities it affords to apply one’s creativity. As such, computer science

was clearly my first choice from the beginning” (essay, translated)

4.4 Conclusions

This chapter has looked into exposure and learning CS through computer

games. Firstly, the concept of watching other people play and its signifi-

cance in modern online culture was discussed in general. Afterward, on-

line gaming communities and exposure to computer science were linked

and the research conducted in PUB I, PUB II, and PUB III was dis-

cussed. Finally, exposure to games was discussed within the context of

career selection and how computer science majors reflected on their own

gaming past and its influence on their career selection.

Due to differences in online gaming communities and different affor-

dances that their chosen platform offers, there are differences in what is

possible when it comes to exposure to computer science. Engagement and

interactivity are naturally much higher in cases such as S1. This is due

to the community consisting of regulars, who turn up to view the streams

and interact with other members of the community frequently. This can

be contrasted to video platforms, such as YouTube, where the viewers are

part of a much larger audience and do not necessarily interact with the

content creator or other viewers to a great degree.

Similar differences apply to exposure and the level of technical detail

that separate online communities can achieve. For example, the content

creator in S1 usually streams playing games instead of coding them, and

as such, his audience typically tunes in for that. When there are streams

that involve game programming, it is then feasible that at least some
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of the audience shows up and is exposed to programming in a way that

would typically not happen. Similarly, the level of technical detail is dif-

ferent, as was the case in V1 and V2. They are meant to appeal to a wider

audience and are shorter, minutes instead of hours, in form thus limiting

the complexity of discussion.

PUB IV related past gaming experiences to choosing CS as a major.

Overall, we found three themes in students’ recollections of their back-

ground with games: how games got them interested in computers, how

they encountered programming in games and how they also programmed

games themselves, and their interests in pursuing a career in the game in-

dustry. Overall, about a third of the freshmen students wrote about games

and gaming hobbies in their essays describing their reasons for choosing

CS, even though it was not explicitly asked about. When prompted during

interviews all nine students had played or were still playing games.
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5. Gameful Approaches in Formal
Computer Science Education

This chapter looks at gamification and badge systems from two perspec-

tives. Firstly, badge systems are viewed not as a motivation or engage-

ment enhancing reward scheme but as a technical software system that

needs to be implemented. The focus is especially on solving the problem

of interoperability: gamification systems need to interact with other sys-

tems related to learning in a modern online environment. In the latter

part of the chapter, we focus on the students’ reactions to these systems

and utilizations of badges on a course.

First, relevant concepts such as Learning Management Systems (LMS),

Smart Learning content (SLC), and online learning activities are intro-

duced in Section 5.1. The section also discusses the concept of interoper-

ability and relates it to online learning. A brief overview of different types

of learning managements systems is given.

Section 5.2 introduces two different software systems for supporting

gameful approaches in computer science education. Acos is introduced

as a interoperability platform that hosts different types of online learning

activities. Daechschen, the other system, is more focused on implementing

gamification through achievement badges to a single LMS.

After introducing the technical aspects of Daechschen, Section 5.3 dis-

cusses an experiment on adding achievement badges on a data structures

and algorithms course. The feedback from students is looked at both qual-

itatively and quantitatively. In addition to feedback, the student behavior

was also analyzed utilizing log data from Daechschen.

Finally, Section 5.4 concludes the chapter by discussing about the differ-

ent software-based solutions to adding gameful approaches to CSE. Ad-

ditionally, the importance of interoperability in modern online learning

environments is discussed.
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5.1 Learning Management Systems and Smart Learning Content

Currently computer science education uses and leverages automatically

assessed exercises that are typically accessed via Learning Management

Systems (LMS). Common examples of such systems are, for example, Moo-

dle [1], Blackboard [2], or various MOOC systems such as Open edX [3].

Sophisticated exercises in these systems can be thought of as Smart

Learning Content (SLC). Brusilovsky et al. [21] outlined the SLC as as

having “some form of interactivity is a central aspect”. In order for learn-

ing content to be considered ‘smart’ they argue that it should have three

qualities: input, process, and output.

Input refers to the data that the learner inputs to the SLC. It varies

between pre-specified (e.g. selecting a particular option) or free-form (e.g.

writing code that is run or otherwise checked by the SLC). The SLC takes

the learner’s input and processes it. The processing is also on a contin-

uum from a fully computational (SLC computes the output completely) to

not computational (e.g. the SLC just facilitates communication between

two learners). Finally, in the output the SLC provides feedback to the

learner, which ranges from generic (feedback doesn’t adapt to that partic-

ular learner or context) to customized (e.g. feedback is different due to the

learner’s incorrect solution in two previous attempts).

However, in this dissertation the scope is broader and SLC is considered

to be one category of online learning activity. In PUB V it was defined as

“We have used the term online learning activity to describe any learning

activity that a student can work within a browser”.

Interoperability

Though many of the technical challenges lie outside the scope of present

work, the concept of interoperability is of importance. Interoperability

refers to “The ability of two or more systems or elements to exchange infor-

mation and to use the information that has been exchanged”[4]. In prac-

tice, in the ideal case, this would mean that various different exercises

from different sources using various protocols could be accessed from an

interoperable LMS.

Dagger et al. [29] have divided LMSs to three categories depending on

their level of interoperability. In the first category systems are completely
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monolithic and the only way of extending their capabilities in terms of

gamification or new SLC is to modify the system itself. The second cate-

gory, to which Dagger et al. refer as modular, are systems that are extend-

able. This means that they can be extended in some way without touching

the core system. In practice, this typically means that the system has a

plug-in system which can extend the capabilities of the core system. It

should be noted that this generally means that the system can only be

extended using the same programming language it was created in.

The final category that Dagger et al. identified are the service-oriented

systems. With these systems it is possible to incorporate SLC from vari-

ous sources, utilizing one or more interoperability protocols, such as Learn-

ing Tool Interoperability (LTI) [66]. With these systems it is also possible

to incorporate other types of content beyond SLC. With Interoperable sys-

tems including new elements such as visualization tools or gamification

systems becomes much simpler compared to monolithic or even modular

systems.

In service-oriented architectures the systems typically communicate us-

ing Representational State Transfer (REST) [44]. In REST the requests

between systems use a stateless protocol, as well as, standard operations

(e.g. GET, POST, DELETE in HTTP). This approach results in systems

that can be expanded by incorporating new components into existing sys-

tems. Educational research benefits from this approach due to the fact

that new tools and learning content can be tested with less effort than in

monolithic systems.

5.2 Systems Supporting Gamification Schemes

This dissertation presents two complementary approaches to supporting

gameful approaches in online learning management systems: Daechschen,

presented in PUB VI, and Acos, described in PUB V. Before a more detail

look into the systems, the core differences are discussed here first.

Both of the systems were designed to work with the service-oriented

A+ [69] LMS. The core idea of A+ is to separate the SLC to external ser-

vices which are then accessed through an Application Programming Inter-

face (API). Additionally, Acos supports multiple protocols so SLC designed
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to work with Acos can be integrated into multiple different LMSs, such as

Moodle [1] or systems using Adapt2-protocol [20].

A+ was originally developed at Aalto University with the goal of reduc-

ing different systems that students would have to interact with on CS

courses. Previously, there were many different systems hosting different

types of exercises that would have to be accessed from different online

environments. To combat this A+ was specifically designed with interop-

erability in mind. Presently, it is used annually by approximately 3000

students on 20 different courses at Aalto University and recently it has

also been used and developed other universities as well.

While both systems were designed to support gameful approaches to on-

line learning activities their approach to gamefulness differs. Daechschen

was designed to be a complementary system for A+, only focusing on im-

plementing achievement badges to be used on courses in A+. Whereas,

Acos was designed as a more interoperable system where learning activi-

ties (both with or without gameful approaches) could be incorporated into

multiple different LMSs using multiple different protocols.

Other software for supporting gamification and badge systems has been

developed as well. Perhaps one of the better known ones is the Open

Badges [107] which was started by Mozilla Foundation. It aims to: “pro-

vide a flexible way to recognize learning wherever it happens, in and out of

formal education and the workplace.”. Institutions and organizations can

award badges on this infrastructure and the recipients can showcase their

badges through this system. Originally, Open Badges were considered as

a platform for the research in PUB VII. However, the process of becom-

ing a badge issuer is administratively cumbersome for a small research

project. Furthermore, the completion logic for the badges still needs to

be incorporated into a system that utilizes Open Badges. In practice, this

means that a new system still needs to be implemented, such as the one

described by Wüster & Ebner [133].

5.2.1 Acos

Acos is a solution to hosting online learning activities in an interoperable

manner, making it easier to integrate existing learning activities to dif-

ferent platforms. This is achieved by decoupling communication protocols
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from the learning activities thus providing a uniform interface for devel-

opers of learning activities. When it comes to the design of Acos, there

were four key considerations that needed to be taken into account: inter-

operability and reusability, extensibility, scalability, and discoverability.

The overall architecture of Acos is shown in Figure 5.1. It describes the

main idea of Acos: it provides a uniform interface for all learning activities

which enables using the same activities with different interoperability

protocols (e.g. LTI [66] or Adapt2 [20]). The support for different protocols

enables integrating learning activities into different LMS environments

without modification to the learning activities themselves.

Figure 5.1. Overall Architecture of Acos

Acos has a modular architecture where support for new learning activ-

ities and protocols can be added without it affecting any of the existing

functionalities. Internally, Acos has three types of components: protocols,

content types, and content packages (see Figure 5.2). Protocol are com-

pletely separated from the content types and content packages, and thus

adding a new protocol package means that all the existing content can

be used through that protocol as well. Content types implement the basic

functionality for a given learning activity (e.g. js-parsons [64]). Content

packages implement the actual learning activities based on the function-

alities offered by a specific content type (e.g. js-parsons-python1). For

some of the content types, prototypes for gamified learning activities have

been developed.

Additionally, Acos has a package type for tools. These are general pur-

pose packages that implement tool-like functionality that is not directly

related to a learning activity, but for example, can assist in creating one.

1https://github.com/acos-server/acos-jsparsons-python
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An example of a tool, is acos-jsparsons-generator2 which allows creating

new js-parsons exercises in a browser without the need to edit existing

content packages.

Figure 5.2. A high-level view of different software components in Acos and description of
benefits of Acos for different stakeholders.

Figure 5.2 also shows different roles that people have when it comes

to Acos. Content developers are free to focus on developing content and

new content types without the need to worry about implementation de-

tails how those learning activities are incorporated into online environ-

ments. Correspondingly, protocol developers can focus on supporting in-

teroperability protocols without concerns regarding content types. For

instructors, Acos can be thought of as a repository of learning activities

from which one can choose the most suitable ones on a pedagogical basis.

Finally, learners should be completely oblivious to the existence of Acos,

since the learning activities are incorporated into their usual LMS.

Evaluating Acos

Acos was evaluated against the four core design considerations: interop-

erability and reusability, extensibility, scalability, and discoverability.

Interoperability and reusability of learning activities is greatly enhanced

by the fact that different interoperability protocols are supported and all

2https://github.com/acos-server/acos-jsparsons-generator
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the existing content can be used with any of the protocols. Table 5.1 lists

the the protocols currently supported by Acos.

Package name Description

acos-aplus A+ protocol support

acos-html A protocol to support embedding online activities

as simple HTML pages without communication to

LMSs

acos-lti LTI protocol support

acos-pitt Support for communication with ADAPT2-protocol

Table 5.1. Interoperability protocols currently supported by Acos

Acos has been tested to work with Moodle [1], as well as, Open edX [3]

through the LTI protocol. Additionally, Acos has already been used in

multiple universities in two countries using different learning manage-

ment systems with two different protocols.

Extensibility is mainly solved through the architecture of Acos. Modular

structure means that new functionalities (such as content types, protocols,

or tools) can be implemented without affecting other modules. In addition

to this, Acos is written as a node.js application and it uses the standard

solution of npm package manager to distribute its packages. Finally, the

server itself, currently supported protocols, content types and packages,

and available tools are published as open source and are available from:

https://github.com/acos-server/acos-server.

Scalability was tested with Apache Benchmark by doing three concur-

rent requests to the production server until 10,000 requests had been

made. 99% of the requests were served under 80 ms. The scalability

follows from a stateless architecture, where nothing needs to be fetched

from a datastore and, depending on the amount of learning activities, ev-

erything or most of the activities can be kept in memory. Furthermore,

the stateless architecture makes it easy to install multiple servers behind

a load balancer.

Discoverability is improved by having a single source for educators to

browse the available learning activities. Additionally, Acos has a con-

tent brokering API, which can be used to search and browse the available

content programmatically. This API could be also incorporated into an
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LMS which would mean that educators could browse the available con-

tent within their LMS.

We also evaluated Acos by collecting feedback from developers and in-

structors (student feedback was omitted, since generally students should

not be aware of existence of Acos). The feedback from collaborators has

been positive, though no formal user evaluation has been conducted. For

example, when it came to utilizing existing technologies as one content de-

veloper wrote in an email: “[Acos] follows a standard architecture which

rests on a popular Node.Js framework. This simplifies the content creation

to a great extent.”.

There are also limitations that stem from the design principles of Acos.

At the moment, all the learning activities are checked in the learner’s

browser, making cheating via technical means easier. However, Acos was

designed to disseminate small learning activities easily rather than to

support summative assessment. One severe limitation that stems mostly

due to the stateless architecture, is that collaborative learning activities

and working in groups is difficult to support.

5.2.2 Daechschen

Daechschen is a server side program designed to enable achievement badges

in A+ learning management system. It is designed to interact with A+

through an API. When a page containing an exercise is loaded or when

a learner submits a solution Daechschen fetches that learner’s exercise

points on the course. Then it checks whether a criterion to award a badge

is fulfilled. And based on this it either awards a badge and shows it to the

user or shows the badge that was last awarded.

Daechschen supports three categories of badges that aim at improving

earliness of submissions, carefulness, and completion. The specific cri-

teria can be adjusted to exercise rounds, e.g. complete X % of exercises

before Y days of deadline. In addition, it supports meta-badges that are

awarded when a set of other predefined badges are awarded.

Figure 5.3 shows how A+ and Daechschen communicate to show the

student the learning activity and the badge information. When a student

requests a page with an exercise (Step 1), A+ requests it from an exercise

service and shows it to the student (Step 2). At the same time in Step 3,
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the badge widget is requested from Daechschen. In order to return the

widget, Daechschen requests the students exercise data (completed exer-

cises, submission counts, etc.) from A+ API (Steps 3.1 and 3.2). Based on

the information received Daechschen either awards a new badge or shows

the previously awarded badge and this view is returned to the student in

Step 4. The summary view works in the same manner, except that there is

no exercise to request and since no new badges need to be awarded Steps

3.1 and 3.2 can be omitted.

Step 3.1 (optional)
Student and 
course details 
requested from API

Step 3.2 (optional) 
Details returned

Step 4 
Widget 
returned
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Figure 5.3. Architecture of Daechschen. From PUB VI

Based on the experiences of implementing Daechschen, and the earlier

achievement badge system embedded in TRAKLA2 [57], we outlined six

design recommendations for future badge systems in PUB VI. Naturally,

the systems should fulfill functional requirements, while taking into ac-

count the security of the system and the privacy of the users. But addi-

tionally, the systems should be interoperable so they could be utilized from

multiple different LMSs and the usability shouldn’t be compromised even

if the badge system is incorporated into different environments. Finally,

the systems should be flexible enough to they could be adapted into multi-

ple different courses, where the criteria for awarding badges might differ

to a great extent.

5.3 Utilizing Achievement Badges on a Data Structures and
Algorithms Course

To study the effects of achievement badges in an online learning man-

agement system a within subject experiment was carried on an a Data

Structures and Algorithms (DSA) course at Aalto University in 2013. The

course had eight exercise rounds covering topics such as sorting algo-

rithms and graph algorithms. DSA is a bachelor level course which con-

sists of online exercises, a larger project, and a final exam.
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The course used A+ [69] LMS to host its online exercises. For this iter-

ation of the course, achievement badges were implemented with Daech-

schen as an external service. Daechschen provided two views to badges:

a sidebar view to the exercises that showed the latest achieved badge

(see Figure 5.4) and summary view showing students progress (see Fig-

ure 5.5). The badges were enabled in the middle of the course from the

beginning of exercise round five. Altogether, there were eight exercise

rounds.

Figure 5.4. Achievement badges in A+ during the course. From PUB VII

Figure 5.5. Summary view showing showing achieved badges in A+.From PUB VII
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With three different categories of badges available there were three as-

pects of studying that they targeted: time management (completing exer-

cises early), carefulness (avoiding trial-and-error approaches), and com-

pletion (achieving a percentage of maximum score from the round). The

badges in each of these categories had three levels as well, bronze, silver,

and gold, reflecting the difficulty of achieving the badge. For instance,

in the completion category, the requirement was to complete the exercise

round with 50, 75, or 100 % of the points.

There were two types of data collected for this study: log data and a

questionnaire. Daechschen stored data on all of the badges achieved. In

addition to that, the log data was also used to analyze how often students

visited the summary page, that showed all the badges they had achieved.

The students were also sent a questionnaire after the course, to which

a total of 162 students responded out of the 306 students who had regis-

tered to the course. The questionnaire contained Likert-scale questions, of

which six were related to badges. In addition, there was an open text ques-

tion instructing to “Please give additional comments about the badges” to

which 88 students wrote something.

Table 5.2 summarizes the the responses to the questions that related to

achievement badges on the course. The scale in the questionnaire ranged

from strongly disagree (0) to strongly agree (4) with 2 being a neutral

option.

As can be seen from the table, similar number of students found badges

somewhat motivating or not-motivating. Overall, the answers regarding

motivational aspect of the badges were spread out. Only a few found the

badges disturbing and the majority did not. Overall, it seems that there

was a small population of students for whom badge affected their behav-

ior, at least to a degree that they self reported so. Even though only 11 %

strongly agreed that the badges affected their behavior, over half of the

students agreed or strongly agreed that badges should be kept in the fu-

ture installations of the course.

The badges were enabled for round 5-8 on the course, during these

rounds there are fewer students who continue to submit solutions to the

exercises. This is partly due to the fact that students can earn a pass-

ing grade earlier on and thus those that do not seek higher grades stop

doing the exercises. We compared the effect of the badges by calculating
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Table 5.2. Feedback regarding badges on the course (N=162). Most common answers are
in bold. 0 = I completely disagree, 4 = I completely agree

Question 0 1 2 3 4

I found the badges motivating 20 % 24 % 17 % 24 % 14 %

Badges disturbed my work 61 % 15 % 15 % 6 % 3 %

Trying to achieve badges had an

effect on my behavior

40 % 21 % 13 % 15 % 11 %

Visual look of the badges was good 3 % 6 % 22 % 42 % 27 %

I was satisfied with the criteria

for awarding badges

3 % 8 % 42 % 29 % 18 %

I think that badges should be

used in A+ for the next year’s

course as well.

8 % 12 % 28 % 22 % 30 %

the amount of badges that students would have achieved on rounds 1-4

and compared that to the actual badges they achieved on round 5. There

was no statistically significant (Wilcoxon signed-rank test) improvement

in the number of badges earned, though we observed a smaller population

of students for whom the amount of badges earned increased.

Despite the lack of statistically significant improvement in the amount

of badges collected, we were able to show a correlation between interest

in the badges and the number of badges achieved. Based on the log data

from Daechschen, those who visited the summary view for the badges also

earned more of them. Similar effect, though not in a CS context, was also

noted by Denny [32].

5.4 Conclusions

This chapter introduced two different systems for supporting gameful ap-

proaches for computer science education detailed in Section 5.2. Acos, dis-

cussed in PUB V, is a modular service-oriented architecture for hosting

online learning activities supporting multiple interoperability protocols.

Its strength lies in the fact that learning activity developers, whether cre-

ating gamified activities or not, do not need to concern themselves with

supporting multiple protocols. On the other hand, Daechschen, introduced
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in PUB VI, is aimed at integrating achievement badges for A+. It too has

a service-oriented architecture that works with the APIs offered by A+.

Section 5.3 discussed the empirical investigation in using achievement

badges in a data structures and algorithms course utilizing Daechschen.

Overall, the students were somewhat positive towards the use of badges.

We were unable to show statistically significant improvement in their

studying behavior, although we saw a positive correlation with the num-

ber of badges achieved and the amount of times students viewed their

badge collection.

Achievement badges were first tried on the course a year earlier [57]

where they saw statistically significant changes in the students’ behaviour.

Yet, in PUB VII the observed changes were not significant. While some of

this might be due to differences in the experimental setup, there was also

difference in the badges that could be achieved, the LMS was changed be-

tween the experiments, and how badges were incorporated into the LMS.

It seems, that gamification or badge systems are affected by many of the

implementation details. This could also, in part, explain why there are

differing results in the efficacy of using achievement badges (e.g. [5]).

89



Gameful Approaches in Formal Computer Science Education

90



6. Discussion

Using game-related approaches in computer science education is a broad

topic that can be approached in many ways. One option is to use games as

a context for teaching and thus, presumably, make learning CS more rele-

vant and motivating for students. Alternatively, serious games[92] can be

constructed in the hopes that just playing these games will lead to learn-

ing outcomes. Gamification [34] can also be used to try to improve moti-

vation in educational settings by implementing various game-mechanics,

such as badges, into learning environments. Finally, just by playing, or

watching someone else play, video games might expose potential future

students to CS.

The work conducted in this dissertation highlights two different game-

related approaches in CSE. On one hand, there is the exposure to com-

puters and computer science that happens in relation to games, and es-

pecially presently, the online gaming communities which was the focus of

Chapter 4. On the other hand, game-related approaches can be used in

formal education as well, which was explored via gamification and the sys-

tems to support gamification in university-level education and discussed

in Chapter 5.

This chapter concludes the dissertation by first discussing the contribu-

tions made in this work in Section 6.1. The different publications are con-

sidered as a whole and conclusions are discussed. In Sections 6.2 and 6.3,

the validity and trustworthiness of the findings are discussed regarding

the approaches taken in the different publications. Section 6.4 consid-

ers the dissertation from an ethical point of view. Finally, in Section 6.5,

potentially interesting lines of future research based on the present work.
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6.1 Conclusions and Contributions

Within the informal learning context, the exposure to CS through online

gaming communities was found to be interesting from an outreach point of

view. While the work in the formal learning context focused on gamifica-

tion, and in particular, tackling the technical challenges in implementing

gamification in modern online environments. Additionally, we aimed at

filling the gap in research when it comes to within-subject studies evalu-

ating gamification in a CSE setting.

This work adds to the growing body of literature regarding game-related

approaches in computer science education. The aim has been to investi-

gate the utilization of games in CSE and exposure from multiple perspec-

tives using different methods. The chronologically older work with gamifi-

cation and systems supporting gamification was more focused on concrete

systems and experiments. The contributions related to this have resulted

in two open source platforms and their subsequent evaluation. The newer

work regarding online gaming communities highlights the possibilities

for exposure and outreach – enabled by the evolution of online gaming

culture.

From a broader perspective, one of the contributions is the new way

of categorizing games and learning computer science. The categorization,

discussed in Chapter 3 and summarized in Figure 3.1, is not just a generic

categorization of using game-related approaches in education but specif-

ically focuses on the relationship between games and CS/CSE. It can be

seen as an extension to the categorization by Wallace et al. [128] and to

the taxonomy by Kelleher & Pausch [72]. An abridged version of the fig-

ure is replicated in Figure 6.1 showing how the presented categorization

relates to the works of Kelleher & Paush and Wallace et al.

Wallace et al. [128] considered learning CS through games with through

approaches either by programming games or by playing serious games.

We broadened these approaches with gamification, watching someone else

program games via live-streams, and watching as well as playing enter-

tainment games with CS content.

Kelleher & Pausch [72] introduced their taxonomy for systems support-

ing novice programmers. In it they included Empowering systems under

which they categorized activities that are enhanced by programming that
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Figure 6.1. The categorization of game-related approaches with publications in this dis-
sertation listed as well. Categories presented by earlier work of Wallace et
al. [128] and by Kelleher & Paush [72] are also shown.

contains two sub-categories: entertainment and education. Within the

entertainment category, they list games as an activity that can be en-

hanced by programming and they provide some examples of games, such

as The Incredible Machine. We broadened this view by considering en-

tertainment games that actually require some programming knowledge

either as a part of the game or an optional addition. We also considered

the activity of watching someone else these games as a separate category.

In addition to the categorization, one of the foremost goals of this work

was to increase awareness of certain topics that have not been discussed

in the CER community. Chief amongst these are the themes regarding on-

line gaming communities and exposure to CS. Since these forms of media

are relatively new, many in the research community might not be aware

of them. Based on a multitude of informal conversations with colleagues

and other researchers, the types of online communities described in this

work and how they relate to computer science education are not yet widely

known. Though there has been increased interest in researching online

gaming communities in traditional game studies and broader sociological

research [115, 59, 61].
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Game-related approaches for CS education have been studied for decades

now. Yet, as new approaches are discovered, more research is needed.

Using gamification-based interventions has its challenges, both technical

and motivational, but for some they provide an extra incentive to study

harder. Within the informal context, there is an ever-increasing num-

ber of games available in digital marketplaces and correspondingly there

are more entertainment games which provide more opportunities for CS

exposure through their content, mechanics, and associated online commu-

nities.

The rest of this section is focused on relating the publications to the

research questions introduced in Section 1.2. Contributions from each

publication are considered under the respective research questions. The

results are discussed and contrasted to prior literature. In addition, con-

clusions are discussed based on the work presented.

6.1.1 RQ1 How do game-related approaches and communities
relate to exposure to computer science in informal
settings?

The first theme of how game-related approaches and communities are re-

lated to CS was explored by looking at computer science students’ past

experiences with games, as well as, looking at contemporary online gam-

ing communities and how CS is discussed in them. In the case of students’

histories, they described the role of games as important when it came to

becoming interested in computers and programming. In gaming commu-

nities, we found discussions between experienced programmers, but more

importantly, newcomers and people who showed interest in learning to

program also participated in these communities.

RQ1.1 How do online gaming communities facilitate exposure to com-

puter science and learning programming?

Online gaming communities have received a great deal of research in-

terest over the past few decades – including research related to learn-

ing [38, 123, 47]. However, it seems that the role of online gaming com-

munities and exposure to CS has not been previously researched. As such,

publications PUB I, PUB II, and PUB III aim at filling in this gap. The

categorization of discussions regarding CS topics are the primary contri-
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butions in these articles. However, almost as important is the recognition

that these gaming communities exist and people who might not necessar-

ily seek out CS content are exposed to programming and related concepts.

PUB I was our first venture into looking at how gaming-related YouTube

videos contain CS content in them. We found that there is a category of

videos that mix normal (non-educational) games with CS content. Addi-

tionally, we examined the interactions that viewers had in the comment

section and found that there were discussions related to CS, including

discussing the experiences of learning to program.

In PUB II the goal was to look at streaming communities and how CS

content is discussed in them. We found that particular streamers can

gather audiences of thousands of viewers who watch game programming

happening live during game development contests. Additionally, viewers

participate in the programming process by providing feedback, sugges-

tions, and help with debugging. Because of the active role the audience

(or some members of the audience) it can be seen as legitimate peripheral

participation [81].

Similarly, these communities can be seen as virtual communities of in-

terest [60] where the audience and the streamer are gathered around a

shared interest. Though it is important to note that not all those who

watched had programming experience and some of the discussions were

focused on those who wanted to learn to program or had just recently

started. Due to the interest in learning to program, an argument could

also be made that the audience also a learners’ community [60]. This is

also supported by research concluding that the number of hours watched

is associated with information seeking and that viewers might receive

cognitive gratification from live-streams [115].

These live-streams featuring programming are interesting from an ex-

posure point of view since the people tuning in often do so to watch the

streamer. In cases such as in PUB II, where the streamer does traditional

gaming content as well as programming, viewers who might not have been

exposed to programming otherwise have an opportunity to be exposed to

programming and CS. Moreover, the community has other experienced

programmers who give guidance and encouragement to the newcomers.

As a side note, content creators often do sponsored deals where they

play a particular game to promote it. Using popular content creators and
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streamers who are able to program or are interested in playing games that

feature programming might be an interesting approach to CS outreach.

Seemingly, this type of phenomenon has not been investigated in CER

– though utilizing games in formal contexts in CS education has been

studied for decades. The closest parallel we were able to find is Mohanty

& Cantu’s work on using commercial games in introductory physics and

their note on the games having game-play video available on YouTube and

that the games allow self-motivated learning outside classrooms [93].

To gain a deeper understanding of the phenomenon we looked at both

datasets from PUB I and PUB II in PUB III. This allowed us to form

a categorization of different types of online gaming communities regard-

ing how they discuss CS topics and programming. We categorized the

themes discussed into three groups: learning, programming experience,

and community. Within each category, we further designated more spe-

cific sub-themes. For instance, we further divided learning into Learning

sub-themes such as desire to learn CS, poor self-efficacy, game develop-

ment, learning resources, what programming language to learn first, and

different learning experiences.

It is interesting to contrast these categories to the experiences in orga-

nized game programming outreach by Lakanen et al [80]. They clustered

participants of a game programming outreach to five different groups,

such as enthusiasts and newbies. They noted differences in the topics

that these groups discuss. Similarly, some of the themes that we found are

more pertinent to newcomers (e.g. “which programming language should

I learn first?”) than to more experienced programmers (e.g. optimization

and efficiency).

In summary, there are online gaming communities that do discuss CS

content and programming. The CS topics discussed are relevant for the

content produced and the participants in these communities discuss CS

and programming. Moreover, since newcomers and complete beginners

when it comes to programming participate in these communities, these

new types of media might be particularly interesting when it comes to

outreach in CS.

RQ1.2 How playing games in adolescence is related to choosing to major

in computer science?
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PUB IV contributes to the area of career selection and especially choos-

ing CS as a major. The analysis of broad essays regarding the students’

background with gaming combined with the more targeted interviews al-

lowed us to have an understanding of how gaming habits and career selec-

tion in CS are related. This work provides evidence for the idea presented

in earlier literature that studying CS and playing games early on seem to

be linked [77, 76].

In addition, we provide three categories describing the various ways in

which students saw games as relevant to their CS education. Firstly,

games triggered interest in computing in general, e.g. to be able to op-

erate computers and play games independently. Secondly, students had

encountered programming in games, as well as, had programmed games

themselves. Finally, games were seen as an appealing option for future

employment and several students showed interest in game development

as a career.

Given that the number of people playing video games is increasing, un-

derstanding the relationship between games and choosing CS can be es-

pecially beneficial when planning new outreach activities.

6.1.2 RQ2 How can game-related approaches be utilized in
formal CS education?

The investigation into how game-related approaches can be used in CSE

was conducted using two different but complementary approaches. Two

different server systems were built in order to explore and investigate

how gamification and learning systems should be constructed. In essence,

the design of the systems and the way they interact with existing online

learning tools is important consequently interoperability in gamification

tools is crucial.

In addition to the systems, we also investigated their use in online learn-

ing activities. More specifically, we implemented badges on a course on

algorithms and data structures and polled students’ opinion of the badges

as well as looked at the log data produced during the course. Though we

noticed a positive correlation in interest towards badges and the number

of badges collected, overall the effect was small. This was echoed in the

statements and thoughts students had about the badge system, where

large portion of them felt indifferent towards badges. However, generally
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they felt that badge systems should be kept in and a small population of

students were enthusiastic regarding badges.

RQ2.1 What kinds of technical solutions are needed to support gamifica-

tion in computer science education?

Modern online learning environments are complex systems and careful

consideration is needed in order to incorporate new elements to these en-

vironments. PUB V and PUB VI contribute a better understanding of

how to do this in practice. PUB VI had a much more limited scope in that

it only had to support a single system, A+. However, it can be seen as a

prototype for the modular architecture that was later on heavily utilized

when designing and implement Acos, the system introduced in PUB V.

PUB V and PUB VI contain a high-level description of how these sys-

tems work and also focus on the evaluation of the systems. But in addition

to this, both Daechschen and Acos are open source solutions providing ad-

ditional benefits on top of the descriptions in the publications. First, since

they are freely available, instances of both programs can be installed and

utilized as deemed useful. In particular, Acos comes with hundreds of

online learning activities which can be incorporated into existing course

materials. And secondly, studying the structure and source code may offer

insights in designing similar systems.

Interoperability and service-oriented architectures have received research

interest in the educational context, for example in developing LMSs and

various interoperability protocols [91, 29, 66, 20]. However, we were only

able to find one other system, presented by Wüster & Ebner [133], that

described integrating a badge system to an online learning environment.

They provide a very high-level description of the system in their article

but the system itself is not documented in detail or available publicly.

In addition, based on their description the system seems to be tied to a

particular technology (Java Servlets and JSP). Compared to this, Daech-

schen offers an open source solution that is stateless and can be utilized

with any programming language or framework. However, presently it

only supports interoperability through A+ protocol.

Interoperability has been identified as one of the key issues in increas-

ing the adoption of online learning activities [21]. As such, an important
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contribution of PUB V is the interoperable architecture that is the key

feature of Acos. This has not only meant that the system has been uti-

lized in multiple universities spanning multiple continents but in addi-

tion to that, more content has been added to Acos which has broadened

the use of Acos beyond CS. Recently, content types for Acos have been

expanded to include small language exercises for English courses1.

RQ2.2 How do students react to adding achievement badges to online

exercises?

Based on the reactions that students had on the achievement badges we

concluded in PUB VII with some recommendations for other educators

and researchers using badge systems. First of all, we found that there

was a small portion of students who did not like the badges at all and

hence opting out of them should be made possible. Secondly, if there are

already point systems in online learning environment, creating badges

that are awarded based on collecting points offers little novelty. Because

of this, any badges created should target other aspects of learning (e.g.

carefulness) that are not covered by the point systems. The third recom-

mendation we had is to clarify the gamification scheme so that students

are aware of the relationship, if any, between earning badges and the

course grading schemes (e.g. typically badge schemes do not affect the

final grade). And finally, great care should be taken that badges do not

hinder the usability of the online learning system in any way and also

that the badge systems do not impede the learning experience.

Additionally, we were able to show a positive correlation between stu-

dents’ interest in the badges (viewing their collected badges) and the total

number of badges they achieved. Previously, the positive correlation be-

tween collected badges and summary views has been discussed on a popu-

lation health course [32]. We were able to show that a similar correlation

exists in a CS context.

Overall, these findings are similar to prior research on badges even

though we were not able to show statistically significant changes in be-

havior. This is somewhat surprising since Hamari et al. reported in their

literature review that the quantitative studies they included all showed

1More information is available at https://apluslms.github.io/events/

1st-a-plus-con/acos-point-click-drag-drop.pdf
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either all or part of the tests positive [5]. One possible explanation for this

could be that the specific badges and the environment into which they

were implemented enticed students with different goal-orientations dif-

ferently. As goal-orientation has been shown to affect interest in achieve-

ment badges [12, 6].

It is interesting to compare the results from PUB VII to those of Haku-

linen et al. [57], which was included in the literature review by Hamari

et al [5]. Hakulinen et al. did notice statistically significant effects on

student behavior with a between-subject setup. Whereas the experiment

in PUB VII was within-subject. To our knowledge at the time, no prior

within-subject experiment in CS education context with badges had been

conducted. The comparison is particularly interesting since the exper-

iment in [57] was conducted on the same course a year earlier as the

experiment in PUB VII. However, the badges were implemented into a

different LMS and the badge design itself was different as well.

6.2 Validity and Trustworthiness

This section focuses on the validity and trustworthiness of the work pre-

sented. We begin with discussing the qualitative work in PUB I, PUB II,

PUB III, PUB IV, and PUB VII. Then we go on to discuss other remarks

regarding the validity of the work.

Regarding the representativeness of the data we, have followed the guide-

lines recommended by Sandelowski: “An adequate sample size in qualita-

tive research is one that permits – by virtue of not being too large – the

deep, case-oriented analysis that is a hallmark of all qualitative inquiry,

and that results in – by virtue of not being too small – a new and richly

textured understanding of experience.” [112]

Qualitative Research

When it comes to qualitative research, Guba & Lincoln have outlined four

trustworthiness criteria for evaluating the work: credibility, transferabil-

ity, dependability, and confirmability [51].

To increase credibility – which can be understood roughly as internal va-

lidity of the research – we have sought to collect data continuously along
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the process and refine our perception of the phenomenon of gaming com-

munities incrementally. Credibility could have been further enhanced by

interviewing the participants in these communities and asking for their

perspectives on the categories of discussions that we analyzed. We had

plans to interview participants in these communities but ultimately were

unable to do so due to live-streamers not responding to collaboration re-

quests. However, it would be particularly interesting to do so in future

work.

Credibility can also be thought of as how well the results of the research

actually match reality. There is a threat that our analysis and conclusions

do not accurately describe what is truly going on. To combat this, we have

used different data sources in PUB III and PUB IV to better triangulate

our findings. Similarly, in PUB I, PUB III, and PUB IV the results were

concluded with multiple analysts.

Transferability is generally considered to be the responsibility of the one

who is trying to generalize or transfer results into another context. To aid

in this, the analysis methods have been described in the relevant publica-

tions. The results in PUB IV are perhaps most tied to the local context

since the students had a Finnish background and attended a Finnish uni-

versity. Similarly, the qualitative work in PUB VII is tied to the context

of a CS course in a Finnish university with Finnish students, though it is

possible that the results could transfer to other similar contexts.

Research in PUB I, PUB II, and PUB III we conducted with a global

context in mind, at least when it comes to English speaking online gaming

communities. Whether the findings of these publications apply to gaming

communities with other languages and cultural context is unclear and

should be considered carefully before assuming so.

Dependability in qualitative research can be considered to be roughly

parallel to reliability in quantitative research. That is to say, how ac-

curate are the results and whether the research could be repeated with

similar results, with the caveat that qualitative research cannot truly be

replicated or repeated in the same way that is possible with quantitative

approaches.

We have aimed at being transparent and tried to explain our procedures

in sufficient detail to improve the dependability of the work. Additionally,

we have used standard measures of reliability where it was possible, e.g.
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in PUB I in we used and reported inter-rater reliability. We have also

tried to provide ample examples from the datasets used. In addition to

these example snippets being illustrative, we hope that they show our

reasoning and that the reader is able to assess the dependability of the

work based on them.

To enhance confirmability – how well our results and work can be traced

back to the initial data – we have aimed at describing our procedures

during the data collection and analysis with sufficient detail in each of

the publications. Our goal has been to enable further research, as well as

any studies, wishing to look into the same phenomenon. However, there

are some aspects which lower the confirmability of some studies.

Ideally, the raw corpus for each study would be available which would

enable other researchers to see whether they would arrive at the same

conclusions as we did. However, when it came to texts and interviews with

our students we have not released this data for privacy concerns. This is

the case for the data used in PUB IV and PUB VII which lowers the

confirmability of those works. This may be especially true for PUB IV, in

which the open-ended essay question led to many game-related anecdotes,

which may not be the case generally.

Naturally, the data used in PUB I, PUB II, and PUB III originated

from public sources. In practice, there might be some differences in ac-

cessing the data again, for example, due to changes in the search algo-

rithms and how they rank content. This would mean that the search

results might not be identical to those that we gathered while working on

PUB I. Even though there will inevitably be some variation, we expect

the publicly accessible data to be very similar to the one we used.

Other Considerations

One significant factor reducing the validity of the work based on publicly

available online comments, namely PUB I, PUB II, and PUB III, is the

fact that we have no way of knowing who the people participating in these

online communities are and what their backgrounds are really like. In

short, we have no way of evaluating whether the comments we analyzed

were truthful. However, we do not see major incentives for lying in the

types of conversations that the participants had. Again, future research

including interviews would be particularly interesting.
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When it comes to the findings in PUB IV it should be noted that the past

gaming experiences that the students described happened approximately

in the late 1990s and early 2000s. Though there were online gaming com-

munities during those times as well, live-streaming services did not exist

and YouTube itself was launched in 2006. As such, the types of communi-

ties investigated in PUB I, PUB II, and PUB III did not exist. All this

is to say that the work might not necessarily apply to coming generations

who are growing up and experiencing games not only by playing them but

also by watching other people play.

Research in PUB VII was conducted using a within-subject experiment.

This might have impacted the results and could explain why there was no

statistical improvement in student behaviors, even though we noticed a

correlation between achieved badges and interest in badges. Another fac-

tor affecting PUB VII regarding the students’ perceptions towards the

achievement badges to keep in mind is that we surveyed the students

after the course and only about half of the students responded. This natu-

rally introduces bias in the answers. It is also possible that some students

might have disengaged from the course partly due to the gamification and

might not have answered to questionnaire at all, even though it was sent

to all students registered on the course.

6.3 Constructive Research

Though both Acos and Daechschen have been functional in the tasks that

they were designed for, the validity of the research involved needs to be

addressed. The work presented in PUB VI concluded with guiding prin-

ciples for designing new badge systems. These guidelines were estab-

lished based on our experiences with implementing two different itera-

tions of systems supporting gamification. Though the statements were

based on the experiences of not just implementing badge systems but also

all the prior software development work done by the authors, the state-

ments were not tested in practice at this stage nor were they subject to

any systematic empirical investigation.

However, these principles were useful in the design process leading up

to Acos and can be seen as a form of triangulation to find crucial design
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principles to implement interoperable systems in a CS context. And func-

tionally, Acos has operated as hoped and continues to do so.

A small-scale evaluation of the architecture and software was presented

in PUB V but there are concerns regarding the evaluation that need to be

addressed. First, since we gathered opinions regarding the system from

those who had been using or developing for the platform already, there is

an inherent bias present. Secondly, for the same reason, the number of

people interviewed was relatively small, so it is hard to assess whether

the findings are generalizable. However, new content by developers pre-

viously unfamiliar with Acos has since been created so it seems that our

goal of ease of extendability was achieved.

6.4 Ethical Considerations

Overall, the research conducted in this dissertation has been done follow-

ing good ethical practices in educational research [11]. Special care has

been taken to not put any group of students at a particular advantage

or disadvantage. Similarly, students’ anonymity and privacy have been

considered throughout the research.

The data used and analyzed in PUB I, PUB II, and PUB III was gath-

ered from public sources. However, we decided to anonymize even the

usernames of the comments we used as examples in the publications and

in this dissertation. The students’ data was anonymized before analysis

as were the written feedback in PUB VII and the transcribed interviews

and reflections essays in PUB IV. Naturally, students could have opted

out from all of these studies without it affecting their grades. When it

comes to the experiment in PUB VII all students were treated equally

since it was a within-subject experiment and all students saw achieve-

ment badges in the same manner. Similarly, all of the online exercises

were same for all students.

Regarding the software in PUB V and PUB VI, the primary ethical

consideration was related to the privacy of the students and student data.

Daechschen was designed in such a way that the identity of the student

earning badges was not known to the server and the students were only

identified by anonymized numbers. In Acos, the content developer may
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choose which information is logged when someone interacts with an online

learning activity. It is possible to log nothing at all or all interactions on

a given session.

6.5 Future Work

Because gamification was a much-hyped trend, in education and else-

where, it has been studied in a variety of contexts. Hence there have been

a multitude of studies since PUB VII and presumably this line of inquiry

to enhance CSE will be further studied. However, the online gaming com-

munities and the exposure to CS is a relatively new phenomenon when

it comes to research. Correspondingly, the possible future research out-

lined here focuses on games and gaming communities and their potential

impact on CSE and outreach.

Modding Communities

One game-related approach that was not discussed in this work is modi-

fying games or modding as it is colloquially known. Modern games often

offer different content editors and utilities that can be used to customize

games and create new content for the game. In addition to editors, many

games offer APIs which can be used to create more complex behaviors

and additions that go beyond adding new graphics or creating new maps

in editors. With popular games, communities of modders are formed and

sometimes the mods themselves make a game more popular than the orig-

inal base game.

There is some tentative research on learning through modding in formal

contexts [41]. However, a deeper look into the modding communities and

how CS and programming is relevant for their discussions could be inter-

esting. Traditionally modding communities have tutorials and they are

an important part of the larger network of online gaming communities.

It would be interesting to look into these communities to see the similar-

ities and differences between the gaming communities discussed in this

dissertation.
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Backgrounds in the Gaming Communities

This work investigated online gaming communities through the comments

and interactions without placing the participants into any particular con-

text or background. It would be interesting to investigate the participants

and their background in detail either through more focused interviews or

more broadly with surveys and questionnaires. In particular, finding out

about perceptions towards CS and attitudes towards programming from

the younger members of the audience would be interesting.

In addition to the backgrounds of the participants in gaming communi-

ties, it would be interesting to conduct similar research as in done PUB IV

but in earlier grades. In particular, the participants’ possible gaming

hobbies and their perceptions towards getting a university degree in CS

would be interesting to understand and that information could also be

helpful in planning CS outreach activities.

Potential Learning Outcomes from Playing

The work included in this dissertation has been primarily focused on

showing the existence of CS discussion in gaming communities and the

exposure to CS that they enable. Given that the exposure and discussions

are happening, one particularly interesting line of research would be to

look into the possible learning outcomes that might happen as a result of

playing (or watching someone else play) particular games that feature CS

content.

One particularly interesting avenue of inquiry that was not discussed in

this dissertation, would be to investigate the potential learning outcomes

through implicit learning. Presently, there is some prior research showing

that at least in some contexts particular learning outcomes are achieved

as a byproduct of playing games [26]. Although this type of investigation

is methodologically challenging, it might yield some very interesting re-

sults. Additionally, research on informal and implicit CS learning should

not necessarily be limited to games themselves but extended to the online

communities in which these games are discussed.
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