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Massiiviset avoimet verkkokurssit (MOOC) ovat nykypäivänä tuore, mutta laajalti tutkittu
aihealue. Vaikka MOOCit houkuttelevat tuhansia oppilaita, niillä on tunnetusti hyvin
alhainen suorittamisaste. Usein vain yksi kymmenestä kursseille ilmoittautuneista suorittaa
kurssin. Tämän diplomityön tavoitteena on selvittää MOOC-suunnittelun yleisiä
sudenkuoppia ja kehittää MOOC-suunnitelma perustuen olemassa oleviin tutkimustuloksiin.
Tähän luotuun suunnitelmaan lisätään kirjallisuuden perusteella sopivia pelielementtejä
opiskelijan kurssisitoutumisen lisäämiseksi. Tuotetun suunnitelman testaamiseksi sitä
käytetään tutkimuksen aikana luotuun tietoturvakurssimateriaaliin toteuttamiseen Moodlealustalle. Valmista kurssia arvioidaan suorittamalla sille one factor two treatments -testi
opiskelijoiden sitoutumisen, suorituskyvyn ja kurssin yleisen laadun näkökulmista. Tulokset
osoittivat, että käytetyllä otannalla pelillistäminen tuotti korkeamman suoritusasteen,
vahvemman sitoutumisen ja paremman suorituskyvyn verrattuna kontrollikurssiin. Otannan
pienuudesta huolimatta, toteutuksen kokonaisarvioinnissa sen vahvuuksiksi todettiin selkeä
rakenne ja kurssiaihealueiden kattavuus.
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Massive Open Online Courses (MOOC) are to this day a recent but widely researched topic.
While MOOCs attract thousands of learners they are known for having notoriously low
completion rates. Usually only one-tenth of the learners who register for the course complete
it. The goal of this thesis was to find out the common pitfalls in MOOC design and derive
an engaging design based on the existing research body. According to the used literature,
appropriate gamification elements were added to the literature-based MOOC design to
increase learner engagement. The newly produced design was implemented on an online
cybersecurity course hosted on Moodle. The course was created as a part of this thesis. The
finished artifact is evaluated through one factor two treatments experimentation from the
aspects of engagement, performance, and overall quality. The results showed that test
treatment with gamification showed higher completion rates, engagement, and performance
in comparison to the control treatment. While the used sample was small, in an analysis of
the overall feasibility and quality of the course design it was determined that the clear
strengths of the design were its clear structure and topic coverage.
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1

INTRODUCTION

The year 2012 was considered to be the “year of the MOOC” (Pappano, 2012). Several
massive open online course (MOOC) platforms emerged with dozens of new open online
courses. Some of the most notable establishments were Stanford branched Udacity and
Coursera, Massachusetts Institute of Technology’s (MIT) MITx platform, and MIT’s and
Harvard’s co-owned edX (Hill, 2012). The aforementioned platforms had collectively
almost 5 million users at the time (Corbeil et al., 2019). Although the year was a hype peak
for the MOOC phenomena, it certainly did not mean that it was just a fad. The number of
courses, learners, and the general interest in MOOCs kept rising. According to Class
Central’s MOOC report, in the year 2018 total learner count in MOOC platforms reached
101 million and there were approximately 11 400 courses available between the platforms
(Shah, 2018). In 2019, those numbers were 110 million and 13 500 respectively (Shah,
2019a). While the MOOC phenomena seem to be transforming towards paying users,
focusing more on corporate training and degrees, and the yearly learner increment is
declining (Shah, 2019b), are MOOCs still a highly relevant source of education and research
area.

There is still a lot to learn from MOOCs. MOOCs are to this day a recent but widely
researched topic. In a systematic mapping study of MOOC literature by Rasheed et al., they
state that MOOC research has been on the rise since 2011 having its peak in 2016. From
their mapping study, it can be concluded that the MOOC research has been shifted towards
emerged problems with course instances, like engagement and completion and retention
rates, from studying learner behavior and experience. (Rasheed et al., 2019). From Rasheed
et al.’s bubble plot diagram, in Figure 1 below, it could be interpreted that these focused
areas are in high demand for research and possibly new solutions are needed for the
underlying problems.

The MOOC phenomenon is popular, but why? What does the acronym mean and how does
the knowledge acquisition differ from the traditional pedagogy? To get a better grasp of the
topic, let’s disassemble the acronym. By definition, MOOCs are massive. MOOCS are
designed to serve a lot of learners, but depending on the course, the real enrollment number
can vary a lot (Mohamed and Hammond, 2018). Some courses may have under a hundred
4

attendees when the more massive ones can have well over a hundred thousand (Waldrop,
2013; Yousef et al., 2014). The course’s openness is the key factor that contributes to the
massiveness. MOOCs are open to everyone and are not dependable on location, personal
traits, or ideology (Yousef et al., 2014). The openness might come with some caveats though.
While anyone can register for the course, the openness might be limited. For example, the
course might not be free (Mohamed and Hammond, 2018) or its starting times are
periodized. To accommodate to the openness, the course is online. There are MOOC
variations thought, e.g. blended MOOCs, that are only partially online (Shao et al., 2017;
Yousef et al., 2014). A physical presence might be needed because some of the material or
exercises are done in a face-to-face manner. The last word in the acronym, course, holds the
same value as the traditional one. MOOCs are structured courses and they have learning
goals, educational content, assessments, and usually an examination at the end of the course
(Patru and Balaji, 2016, p. 17).

Figure 1. Empirical MOOC research topics by year (Rasheed et al., 2019).
5

1.1 Problem statement
MOOCs are known for having notoriously low student retention rates (AlDahdouh and
Osório, 2016). Some of the courses have thousands of enrolled learners, but commonly only
one-tenth of the participants complete the course. Enrolled learners do not stay engaged with
course content, and they will drop out at some point of the ongoing course. Earlier studies
suggest that learners consistently dropout through the duration of the course (Coffrin et al.,
2014). Because of the huge gap between enrollment volume and the number of learners who
complete the course, it begs the question: Can the courses or the platform be optimized to
gain a part of the untapped potential? Increasing the retention rate would mean more revenue
for the MOOC providers, for example, through certifications, additional resources, and
advertisement depending on the used business model as well as increasing the level of
learning.

MOOC completion rates revolve around 10% depending on the studied course and how the
retention rate was calculated (Breslow et al., 2013; Fidalgo-Blanco et al., 2016; Hone and El
Said, 2016). As in comparison, a traditional online course can be around 70% (Poulin, 2013).
It should be considered though, that these numbers might not correlate with real retention.
Underlying factors like learner’s motivation and the used definition of MOOC affect study
results. The results can be skewed, for example, if the course is compulsory to some learners,
completion rewards credits instead of just knowledge or the course has an enrollment fee.
To put it bluntly, a direct comparison between massive open online courses is tricky, so the
retention rates should not be considered as a be-all and end-all comparison factor.
Comparing MOOCs’ results to traditional courses fall into the same category. While the
latter comparison might not reveal the whole truth, it surely shows that there is an underlying
problem.

1.2 Goals and delimitations
This thesis focuses on the MOOC retention problem, especially in MOOCs. The main goal
is to produce a MOOC design that uses design choices identified from the literature that take
learner satisfaction and retention into account. Additionally, appropriate gamification
elements are introduced into the derived MOOC design to increase learner engagement.
6

Literature is also used to define and find the critical factors that affect learner dropouts,
concluding in a broader picture of why learners dropout from MOOCs. An artifact course is
built from scratch and deployed into LUT Moodle. Within the platform restrictions, research
results are implemented into the artifact course. Through artifact evaluation, the aim is to
evaluate the found results with used design choices.

The artifact will be evaluated through multiple avenues. The artifact will be evaluated by
experts through expert interviews. This evaluation will provide expert feedback on the user
experience and the artifact’s overall quality. The course will also be pilot tested in the form
of an experiment. A convenience sample will be selected, and the selected participants will
participate in the course as normal learners. The participants will provide quantitative and
qualitative feedback to tailored questions that are used to evaluate the course. Additionally,
activity and performance data are collected throughout the experimentation process. The
completion of the course will not be mandatory for the testers, so also the completion rates
are collected and used for analysis. The evaluation results will help to conclude the possible
retention rate improvements with the selected design choices.

The planned artifact course is restricted to be on Moodle 3.6 platform. The designed course
will also be in Finnish and revolves around cybersecurity. The language choice targets older
Finnish generation but will limit the possible foreign learners. While adaptive learning using
student behavior data in MOOCs is a recent research topic, increasing in popularity and
possibly will help solving the MOOC retention problem, it is not in this thesis’ scope.

1.3 Structure of the thesis
Following the introduction section, section 2, covers the literature. In the literature review
section, the MOOC retention problem is closely looked at from the viewpoint of existing
literature and empirical studies. Additionally, the gamification elements are investigated and
the empirical studies of gamification in educational context. After the literature review, is
the research methodology section. This section goes through the chosen research
methodology and experimentation framework. At the end of the section, research questions
are defined and explained. Section 4 is about the design and implementation of the artifact
course. The design and implementation section is for defining the design for the artifact and
7

its deployment. Section 5 goes through the used evaluation methods and how they are used
in the context of experimentation. In the next section, the results of the evaluation and
implementation are presented. These results are discussed, and their meanings are pondered
in the subsequent section. In this discussion section also, future research is speculated. At
the end of the thesis resides the conclusion where the main points of the thesis are presented.
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2

LITERATURE REVIEW

In this section, the existing literature is investigated to find problem areas and design options
in the context of MOOCs. First, in section 2.1, the challenges in MOOC pedagogy are
discussed, following a closer look into the retention problem. After defining the problem and
introducing a framework for it in sections 2.3 and 2.4, the most prominent MOOC design
choices are collected from empirical findings and frameworks in section 2.5. In the last
subsection 2.6, gamification and empirical findings of gamification elements in the
educational context are looked into.

2.1 Pedagogical challenges in MOOCs
There are many variations of the MOOCs. The two main classifications of MOOCs are
Connectivist Massive Open Online Courses (cMOOCs) and Extended Massive Open Online
Courses (xMOOCs) (Fidalgo-Blanco et al., 2016). The core idea in connectivist MOOCs is
that the learners collaborate and connect. Participants generate and share knowledge. The
pedagogy in xMOOCs is quite different and is more comparable to traditional approaches.
Learners use and learn from the material given by the instructors. Instructors can be
considered to be experts on the topic and provide the needed knowledge to the learners.
(Siemens, 2013). cMOOCs are known for having less structure and restrictive topics than
xMOOCs. (Siemens, 2013). The lack of limitations of course has its negative effects. It is
very difficult to assess the assignments on a mass level by using traditional methods (Xiong
and Suen, 2018, p. 243). Usually, this means that only some of the assignments are assessed
manually. For example, the instructors might just evaluate the learners who are completing
the courses for credits (Xiong and Suen, 2018, p. 243). In xMOOCs, the predefined topics
and material make the course design more fixed than in a cMOOC but grants the possibility
to use automation in assessments. xMOOCs generally use automation and peer reviews to
handle formative assessments (Xiong and Suen, 2018, p. 247). Most running MOOCs can
be classified as xMOOCs (Hollands and Tirthali, 2014, p. 30).

MOOCs are designed to reach the masses of learners through online connectivity. Like the
acronym suggests, MOOCs are Massive, Open, and Online Courses. Anyone who has
internet access can join and participate in a MOOC, even learners living in rural areas and
9

developing countries (Stern, 2014). The massiveness, openness, and the online nature of
MOOCs generate new challenges that are not present in traditional pedagogies. Like Andone
et al. state in their research, the massiveness is the only new thing that MOOCs bring to the
table. Many universities have offered online courses for a long time with the same
pedagogical elements, like lecture videos and discussion forums. (Andone et al., 2015). The
massiveness comes with a burden of scalability. MOOCs have to be scalable and support
thousands of learners from all around the globe.

As the learners can be from different parts of the world, are fairly anonymous, have diverse
backgrounds, culture, and education, used teaching practices cannot take into account every
learner’s needs. MOOC design has to mostly consider the learners as a homogenous group,
ignoring the overwhelming diversity of the crowd. This pedagogical challenge was apparent
in Evans and Myrick’s survey. Evans and Myrick surveyed 162 different professors who had
worked with MOOCs, with a mean of 21.8 years of experience in higher education. The
professors struggled with a learner group with such diversity because of their backgrounds.
Instructing thousands of learners with different levels of education is a demanding task
because it is hard to find the right level to create material. (Evans and Myrick, 2015).

The large learner body also decreases the interaction levels between learners and instructors.
The Instructor-learner ratio is daunting. It can even be 1:150,000 in some cases (Byerly,
2012). With such a shortage of faculty, it is not possible to offer the same kind of educational
support as in a traditional online course. Minimal instruction-student interaction is to be
expected. (Xiong et al., 2015). The lack of social interaction is speculated to affect negatively
on learners’ engagement and motivation (Stewart, 2013). Instructors themselves know the
struggle as it was shown in Evans and Myrick’s survey. The respondents were more negative
than positive when asked if they felt that they knew how to help struggling learners. On a
Likert-type of scale from 1 indicating strong disagreement and 5 strong agreement, the mean
was 2.95. (Evans and Myrick, 2015).

The lack of faculty can also be seen in assessments and feedback. Cabrera and Fernández
Ferrer’s surveyed 26 teachers from traditional and 14 from distance university about
opinions and perceptions of MOOC educational technologies. They found that the main
pedagogical challenge in MOOCs is related to assessments. The assessment problem was
10

overwhelmingly agreed on among the two universities. (Cabrera and Fernández Ferrer,
2017). Lowenthal et al.’s research agrees on the difficulty of MOOC assessments
(Lowenthal et al., 2018). Providing personalized feedback on the learner’s progress level is
an impossible challenge if the assessment process is manual. Therefore, in comparison to
traditional manual assessments, in MOOCs grading and feedback should be automated.
Usually, assessments are done with quizzes and peer assessments (Evans and Myrick, 2015;
Lowenthal et al., 2018).

The quality of MOOC learning has also been criticized, even the instructors seem mostly to
agree that face-to-face classrooms are better considering learning. In Evans and Myrick’s
study, the respondents favored more normal classroom experience, when answering a
question about the learning experience in normal classrooms compared to MOOCs (3.4 on
the Likert-type scale). (Evans and Myrick, 2015). Lowenthal et al. got the same results when
they surveyed 186 MOOC instructors. From the respondents, 56% thought that MOOCs are
as good as traditional asynchronous courses, but 45% disagreed when asked if MOOCs were
on the traditional face-to-face level (Lowenthal et al., 2018).

The course quality can be highly affected by the lack of interaction and personalized
assessments. Also, the difficulty of producing a MOOC should be considered. Evans and
Myrick found that the biggest challenge to professors was the amount of time and effort
needed to produce a MOOC. They also found that more time is required to battle the
pedagogical challenges of teaching a MOOC, including all of its technical problems, than
running a traditional face-to-face course. (Evans and Myrick, 2015). While MOOCs
consume more time and effort, they do produce a lot of feedback regarding the quality and
used pedagogy. This allows iterative improvements and increments towards a more desirable
learning outcome. (Evans and Myrick, 2015).

2.2 Retention, dropout and completion rate
There are different types of metrics for calculating the success or performance of MOOCs.
Most used and cited are dropout, completion, and retention rates. Learners are considered to
dropout if they leave during the course and never come back to continue their course
progression. The dropout rate is often calculated as the percentage of learners who registered
11

to the course but didn’t achieve the end qualification (Henderikx et al., 2017). The
completion rate is quite the opposite of the dropout rate. In completion rate, the percentage
is dependable on how many learners earned the qualification e.g. certification (Koller et al.,
2013). To get the completion rate, we can divide the number of learners who completed the
course by the total number of enrolled students.

Retention as a metric, is harder to define. According to Federal Student Aid in the context
of educational institutions, the retention rate is the percentage of first-year undergraduate
learners who continue in the same school the next year (Federal Student Aid, 2020). In the
context of MOOCs the metric is used differently. It is often considered to be just the same
rate as the completion rate, just a synonym (Koller et al., 2013). On the other hand, learner
retention in MOOCs is the course’s ability to keep the learner engaged until a specific point
of the course. This specific point is for the researcher to define, though commonly the point
is the end of the course (Liyanagunawardena et al., 2014). Dropout, completion, and
retention rates can be encapsulated to describe the same phenomenon; the course’s ability to
keep its learners engaged and progressing until the end goal of the course.

2.3 MOOC retention problem
Millions of learners signup for a plethora of different online courses to gain more knowledge,
learn new skills, or just to have fun. There are thousands of courses to choose from, but all
of them have one thing in common: low retention rate (AlDahdouh and Osório, 2016). Many
empirical studies have been done regarding retention or completion rates in MOOCs. In
Hone and El Said’s survey, they found from 379 participants, only 32.2% had completed a
MOOC for a certificate (Hone and El Said, 2016). This might not correlate with a specific
course’s completion rate but considering that only a third of the survey participants had
completed a MOOC of their choice, is alarming. El Said found similar results in her study.
She interviewed 52 undergraduate and postgraduate learners from a developing country and
found that 25% of the interviewed learners completed a MOOC to the point of getting a
certification (El Said, 2017). Likewise, Gomez-Zermeno and Aleman De La Garza
calculated a completion rate of 11.7% in their research where they studied a sample of 5854
participants who started the studied course. Despujol et al. discovered completions rates
from 11.17% to 15.44%, between three different studied editions (Despujol et al., 2014). In
12

Breslow et al.’s study, the studied course had less than a 5% completion rate with 154,763
registered learners (Breslow et al., 2013). Mustafaraj reported even lower numbers. The
studied course had a completion rate of 4% with 184,234 registered learners (Mustafaraj,
2014). Friðriksdóttir and Arnbjörnsdóttir concluded very similar results with an open selfdirected course, which reached a completion rate of 4.4% (Friðriksdóttir and
Arnbjörnsdóttir, 2017). It is safe to say, that the retention rates revolve around 5-15% on
average. Typically the cited average is around 10% (Breslow et al., 2013; Fidalgo-Blanco et
al., 2016; Hone and El Said, 2016). The Low completion rate problem can be contrasted by
looking at on-campus and traditional online course completion rates. In WICHE Cooperative
for Educational Technologies’ survey, they concluded that on average on-campus
completion rate was 81% and for traditional online course it was 78% (Poulin, 2013).

While the problem is certain, completion and retention rates might not give the full picture
of the course performance. Rates get widely skewed depending on calculation metrics.
Which learners should be included in the analysis, all of the people who sign up or people
who complete course tasks and participate? The rates have been criticized for not taking into
account the learners’ intentions and goals (Henderikx et al., 2017; Koller et al., 2013). For
example, in Mustafaraj’s study, he mentioned that 46% of singed up learners never showed
up for the course. Including only the learners that showed up for the course for a quarter of
its duration, the course achieved a completion rate of 21% (Mustafaraj, 2014). Mustafaraj’s
observed “no show up” phenomenon is not rare. It is common knowledge that big part of the
learners who sing up for a MOOC, do not even have intentions to complete it and might not
even visit the course page after signup (Belanger and Thornton, 2013; Hone and El Said,
2016; Kolowich, 2013; Semenova, 2016; Sujatha and Kavitha, 2018). These dropping out
learners enroll in the MOOCs just to see what the course is offering, usually out of curiosity.
According to Colman’s article, learners register for many courses and choose to keep some
and drop others as they were just shopping around. (Colman, 2013). The learners can be
picky since there are many different course providers that offer courses on the same topics.
Also, achieving a certification is considered as the completion condition in many studies (El
Said, 2017; Hone and El Said, 2016). Some learners join the MOOCs just to gain knowledge
and not to complete a certification (Colman, 2013). Also, such certifications usually hold a
repulsive price tag because of MOOC business models (Epelboin, 2017).
13

The learner retention decreases overtime during a MOOC. This phenomenon was modeled
to be a funnel, that decreases in its diameter the further the course goes, by Clow in 2013.
The proposed model can be seen in Figure 2. The model starts with awareness, in a state in
which potential learners have heard about the course. Only part of the learners who
acknowledge the course register for it. Again, only a fraction of the registered learners
survive to the course activities. The participation decreases as the course goes on and only a
low percentage of registered learners complete the course. (Clow, 2013).

Clow supported his participation model with empirical evidence from three different
learning websites and by applying it to other empirical MOOC studies. The steep learner
dropout at the start of the funnel can be seen in several other studies. Many researchers have
concluded that most of the learners drop out before the halfway of the course. Friðriksdóttir
and Arnbjörnsdóttir’s found in their study that the majority of learners complete less than
50% of the course content (Friðriksdóttir and Arnbjörnsdóttir, 2017). Similarly, Hone and
El Said found that most learners drop out before the midpoint of the course (Hone and El
Said, 2016). Sujatha and Kavitha concluded in their analysis that 69% of the dropouts
happened at the midpoint of the course or before (Sujatha and Kavitha, 2018). Also, Singh
and Mørch stated in their study that the participation dropped drastically by the fourth week
in a six-week course. Most of the learners drop out before the halfway point of the course,
but according to their data, significant dropouts stopped after 2/3 of the course. (Singh and
Mørch, 2018). Like Hone and El Said concluded, whoever passes the halfway point of the
course, is more likely to complete the course than dropout (Hone and El Said, 2016).

The first module and lecture are the most important. Fidalgo-Blanco et al. observed in their
two study cases that most dropouts happen after the first module and the dropout rate
stabilized to the end of the course. The results were the same with a different number of
modules. (Fidalgo-Blanco et al., 2016). Evans et al. concur by stating that a lot of learners
dropped rapidly in the first week of the course, but the dropout rate settled down in later
weeks (Evans et al., 2016).
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Figure 2. The funnel of participation (Clow, 2013).

2.4 Theoretical framework of dropout and retention
There are a lot of different models that try to explain the learner dropout phenomenon in
learning. One of the most referred is Tinto’s student retention model from 1975 (Tinto,
1975). In the context of MOOCs, a model by Ji-Hye Park fits for the purpose because of its
focus (Park, 2007). Park’s model is focused on online learning and adult learners. It identifies
factors related to dropping out of online courses, to provide guidance to comprehend the
phenomenon. (Park, 2007).
Park’s model is based on Rovai’s model (Rovai, 2003). According to Park, parts of Rovai’s
model have support from earlier studies with great significance. Contrary to Rovai’s model,
Park argues that there is not enough empirical research data to support the impact of learner
skills. According to her, further investigation is needed so their inclusion can be determined.
(Park, 2007). In the model, there are four different categories that affect learner’s retention
prior or during the online course. Factor categories are positioned in the model depending
on whether they affect prior or during the course. Park’s model can be seen in Figure 3.

Learner characteristics include fundamental factors that are related to a particular learner.
Park states that characteristics that are often cited in the context of learner dropouts are
gender, age, ethnicity, employment, status, and socio-economic group. While she confirms
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there is no consensus on how the learner characteristics affect the dropout phenomenon, she
concludes that it is fairly certain that there is a minor or indirect relation (Park, 2007). In the
original model, Rovai lists learner’s skills that affect the internal factors. For example,
computer and information literacy, time management, and computer-based interaction are
among the listed skills. (Rovai, 2003). According to Park, these relationships haven’t been
studied on a statistically significant level to be considered as part of the model (Park, 2007).
The learner skill component is marked differently in the model, because of its nonconfirmatory state.

Figure 3. Park's dropout model for distance learning (Park, 2007).

In her model, learner characteristics are closely connected to external and internal factors.
External factors contain the factors that affect the learner externally, like family
responsibilities, time conflicts, and financial problems. These factors are especially
important according to previous models and studies (Park, 2007). However, from a course
design standpoint, these barriers are quite hard to conquer, because they are not in the control
of course staff (Packham et al., 2004; Park, 2007). Park concludes that while these problems
aren’t fully solvable, they can be mitigated through the course design and technology (Park,
2007). Unlike external factors, internal ones can be closely related to the course design.
These

factors

include,

for

example,

learner’s

motivation,

social

integration,

technology/technical/usability issues, and academic integration. (Park, 2007). Learner
motivation can be considered as an internal factor that stands out from the rest. Xiong et al.
presented a three-dimensional motivational model that explained learner retention through
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engagement, which is influenced by three motivation types: intrinsic, extrinsic, and social
motivation. According to them, learner motivation is a particularly important factor
influencing retention, because of MOOC’s non-compulsory nature. (Xiong et al., 2015).
Park also concludes that online courses should be designed to motivate learners because it
is expected to increase learner retention (Park, 2007).

2.4.1 Learner characteristics
Low retention and completion rates are constantly present in studied MOOCs. While the
course subject does not appear to have an impact on the completion rates, some fundamental
differences between learners might have a correlation. Learner’s gender, age, and degree are
usually present in MOOC study datasets, which allows us to speculate if they can be used to
predict the overall completion of a course. There have been mixed results regarding the
learner’s gender. Hone and El Said didn’t find any significant correlation with gender and
course completion, and neither did Breslow et al. (Breslow et al., 2013; Hone and El Said,
2016). On the other hand, Semenova found a significant causal relationship between gender
and MOOC achievements (Semenova, 2016). Also, Gomez-Zermeno and Aleman De La
Garza go even further and conclude that according to their sample, the odds of completing
the course increases by 3.2% if the learner is female (Gomez-Zermeno and Aleman De La
Garza, 2016). Gender’s effect on the chance of completing a MOOC is debatable and
observed effects could be because of biased samples. The same goes with learner’s age.
Hone and El Said didn’t find any likelihood with completion depending on the learner’s age
(Hone and El Said, 2016). Like Hone and El Said, Breslow et al. concluded that in their
research, that they didn’t find a relationship between age and achievement (Breslow et al.,
2013). On the contrary, Gomez-Zermeno and Aleman De La Garza concluded that odds of
not completing a MOOC decrease 8% if the learner is over 55 years old (Gomez-Zermeno
and Aleman De La Garza, 2016). While age and gender most likely do not affect the chance
of completing a MOOC, learner’s education level seems to. While Hone and El Said didn’t
find a relationship with education and completion, Semenova, Breslow et al. and GomezZermeno and Aleman De La Garza did (Hone and El Said, 2016). Semenova found a
significant causal relationship between achievement and educational background, Breslow
et al. found a marginal relationship between degree and achievement and Gomez-Zermeno
and Aleman De La Garza concluded that completion results favored people with higher
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degrees (Breslow et al., 2013; Gomez-Zermeno and Aleman De La Garza, 2016; Semenova,
2016).

2.4.2 External factors
Some external factors that affect the retention negatively are prominent in the literature.
Most cited and empirically found reason is time conflicts. Research and learners state that
there is not enough time to complete the course (Belanger and Thornton, 2013; Colman,
2013; Despujol et al., 2014; Gomez-Zermeno and Aleman De La Garza, 2016; Harju et al.,
2018; Khalil and Ebner, 2014; Shapiro et al., 2017; Singh and Mørch, 2018; Zheng et al.,
2015). The problem stands out. In Shapiro et al.’s study, they interviewed 36 MOOC learners
and 78% of the interviewees mentioned lack of time as a barrier (Shapiro et al., 2017). The
root of this problem is hard to define since a lot of factors can affect learner’s available time.
For example, learner’s ability to manage their time can be a deciding factor. Sujatha and
Kavitha’s conclusions hint to poor time management. They argue that MOOCs offer
unrestricted time-periods to complete assignments, which could make the learners lazy and
not to perform (Sujatha and Kavitha, 2018). Personal and financial problems were also
identified as external factors that affect the learner performance (Shapiro et al., 2017).

2.4.3 Internal factors
Internal barriers are far more frequent than external ones in the included literature. Probably
the most prominent factor being the learner’s motivation. Learners sing up for MOOCs with
different goals in mind. As mentioned in 2.3 MOOC retention problem section, a large group
of sign-ups has no intention to complete the course. Also, compared to traditional courses,
the level of commitment can be significantly lower in MOOCs (Liyanagunawardena et al.,
2014). Different levels of commitment and motivation can be seen in learner engagement
and completion rates. Low commitment makes it harder to retain the learner on the course
(Liyanagunawardena et al., 2014). Learners that have higher levels of motivation, are more
likely to engage with course content and complete it (Xiong et al., 2015) and as expected,
low motivation is seen as a component in low learner retention (Sujatha and Kavitha, 2018).
It also has been found that motivation and commitment are higher among learners who pay
for a certification (AlDahdouh and Osório, 2016).
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While the learner’s motivation is a dominant factor, it is affected by other, design-related,
factors. The right level of content difficulty is a known challenge and can influence learner
retention. Course content can be deemed to be too challenging, which has been studied to be
a common reason to dropout (Despujol et al., 2014; El Said, 2017; Hone and El Said, 2016;
Sujatha and Kavitha, 2018). The used content cannot be too sophisticated or in-depth if the
goal is to retain the learner engagement. On the other hand, the content cannot be too
unchallenging or basic (Colman, 2013; Despujol et al., 2014; Sujatha and Kavitha, 2018).
The learner must see and receive some value out of the course. It has also been found that
the volume and complexity of content have an influence on dropouts. Overwhelming content
and not-explained material have negative effects on engagement (El Said, 2017; Singh and
Mørch, 2018). Too long lectures (e.g. videos) and a large number of course modules have
been found to cause fatigue and disengagement (El Said, 2017; Hone and El Said, 2016;
Singh and Mørch, 2018). Similarly, Evans et al. found that longer classes have lower rates
of completion and engagement (Evans et al., 2016). The used language provides its flavor
into the complexity. Jargon, foreign language, and complex words affect the
understandability and strain the novice learner. Language limitations have been studied
being in negative relation with learner retention (El Said, 2017; Gomez-Zermeno and
Aleman De La Garza, 2016; Hone and El Said, 2016; Shapiro et al., 2017; Singh and Mørch,
2018). In addition to problems with comprehending content, the lack of diversity of available
material can have its negative effects. Some of the learners study whenever they have time
to “waste”, for example, in public transport by using a mobile device, or they can have an
insufficient internet connection that restricts the usable material. Solely relying on one
content delivery method, e.g. lecture videos, should be reconsidered. (El Said, 2017; Singh
and Mørch, 2018).
Course content’s low quality and non-interactive, monotonic nature can drive potential
learners away from the course. Multiple studies have reported the lack of interesting content
and interactivity being reasons that disengage learners (Belanger and Thornton, 2013; El
Said, 2017; Hone and El Said, 2016; Sujatha and Kavitha, 2018). Content that has more
theoretical than practical focus have been also found as a reason for not engaging with the
content (Sujatha and Kavitha, 2018). While practical focus could help with retention, so does
the better quality of the content. Sujatha and Kavitha state that the effectiveness of a MOOC
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depends on the quality of the content. Bad quality of the used content has also been identified
as a negative factor in Gomez-Zermeno and Aleman De La Garza’s and Despujol et al.’s
studies. (Despujol et al., 2014; Gomez-Zermeno and Aleman De La Garza, 2016; Sujatha
and Kavitha, 2018). Not only the content, but the course’s structure affects retention. Poor
course design and difficulties with course structure are disengaging reasons that studies by
Gomez-Zermeno and Aleman De La Garza and El Said have brought out (El Said, 2017;
Gomez-Zermeno and Aleman De La Garza, 2016).

Feedback is vital. MOOCs and their automated assessments inherently diminish the
feedback personalization and its quality. Missing constructive, motivational feedback or
acknowledgments after completing a task, have been proven to affect negatively learner
retention (Hone and El Said, 2016; Khalil and Ebner, 2014; Sujatha and Kavitha, 2018).
Additionally, bad peer assessments decrease the quality of learning, with an effect on
retention (El Said, 2017). Learners also want transparency from the assessment process,
which should be taken into consideration (Sujatha and Kavitha, 2018). Feedback from a peer
to another or as in instructor given form is a part of the communication within the course but
should not be the whole picture. The possibility to ask advice from peers and instructors
have been studied to be highly relevant when considering learner retention. The lack or poor
communication between the parties increase the feeling of isolation, which has been
identified as an inherent weakness in MOOCs leading to an increase in dropouts (Colman,
2013; El Said, 2017; Hone and El Said, 2016; Khalil and Ebner, 2014; Sujatha and Kavitha,
2018).

2.4.4 Learner skills
Park stated that learner skills haven’t been proven on the statistical level being part of the
factors in the dropout model (Park, 2007). Many new studies have come up since she revised
the Rovai’s old model. According to the research body of knowledge that has been
accumulating, it seems that the learner skill set has its effects on the retention. It is apparent
that some time management skills are needed to allocate the right amount of time for the
course. As Alario-Hoyos et al. concluded, some of the learners haven’t developed
appropriate time management skills to complete a MOOC (Alario-Hoyos et al., 2017).
Insufficient background knowledge, skills, basic competencies have also been found to
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affect learner retention (Belanger and Thornton, 2013; Harju et al., 2018). Inherently,
limitations with used information technologies affect the retention as well (Gomez-Zermeno
and Aleman De La Garza, 2016).

2.4.5 Theoretical framework and literature
Park’s theoretical framework seems to apply to the empirical evidence and research found
in the literature. However, the involvement of fundamental learner characteristics does not
seem to be as important as the model leads to assume. The used literature suggests that the
effect of these factors on learner retention is inconclusive, except for learner education level.
The correlation with education level and completion rate do not imply a causality though.
The correlation can be caused because of the skillset of the higher educated. Higher educated
are accustomed to studying, they have acquired the skills for it and are probably more
motivated to complete a course. The second point of revision in the model is the state of the
learner skill factor. According to the used literature, it seems that these factors should be
accounted for and are probable to have an influence on retention. The synopsis of found
problem areas and their categorized section in the model can be found from Table 1 below.

2.5 Finding a MOOC design
This section of the literature review focuses on finding MOOC design solutions that should
be taken into account when designing a MOOC. The found solutions are meant to
complement earlier findings, as the previous section discusses and introduces some design
considerations.

2.5.1 Activity and resource design framework
Margaryan et al. studied 76 different MOOCs and found that most of the MOOCs have low
instructional design quality by comparing the MOOC designs to Merrill’s instructional
design theory. None of the MOOCs had implemented all of the principles. (Margaryan et al.,
2015). Merrill’s First Principles of Instruction (FPoI) contain five different principles that
should be considered when designing learning activities. According to Margaryan et al.’s
summarization of the original principles (Margaryan et al., 2015):
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1. Learning activities should be problem-centered. The problem-centered learning is
based on the premise that humans learn better when solving problems rather than
memorizing information.
2. Activities should activate the learner to use existing knowledge. Earlier knowledge
acts as a base for new knowledge. If learners do not have experiences or existing
knowledge, examples from real-word or simulations should be provided.
3. New skills should be demonstrated. Showing good and poor practices with consistent
demonstration and guiding learners to relate the information with the skill to be
learned, can enhance the effectiveness of the course.
4. Learners should be allowed to apply the learned knowledge to solve problems.
Applying acquired knowledge to a single problem is not enough, multiple
opportunities are needed.
5. Learners should be let reflect on and discuss their learned skills. Opportunities to do
so should be provided. The reflecting can happen by, for example, synthesizing,
demonstrating, or modifying new knowledge.

Implementing the FPoI into MOOC activities could be a way to increase the quality of
learning. MOOC design should consider these principles to increase the instructional quality
of the learning activities. Margaryan et al.’s full framework extend the FPoI by adding five
more principles regarding learning resources. According to Margaryan et al.’s abstraction,
MOOCs can increase the quality of learning by (Margaryan et al., 2015):
6. Allowing learners to contribute to the collective knowledge.
7. Allowing learners to collaborate with other learners.
8. Providing different kinds of learning resources depending on the learner's needs.
9. Using resources that are in a real-world setting.
10. Providing feedback on learner performance.
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Table 1. Synopsis of identified problem areas in MOOCs.
Problem area

Prominent reasons

Factor

Sources

component(s)
Time
management

Not enough time to
complete the course.

External,
Learner skills

Quality

Bad course and material
quality.

Internal

Monotonic
content

Boring course and
uninteresting content.

Internal

(El Said, 2017; Hone and El Said,
2016; Sujatha and Kavitha, 2018)

Content
complexity and
volume
Difficulty

Course content too
complex and
overwhelming.
The course is too
difficult or too easy.

Internal

(Colman, 2013; El Said, 2017; Hone
and El Said, 2016; Singh and Mørch,
2018; Zheng et al., 2015)
(Colman, 2013; Despujol et al., 2014;
Sujatha and Kavitha, 2018)

Videos

Videos too long, hard to
concentrate on, and
missing subtitles or
transcripts.
Too many modules, too
long lectures, or
difficult course
structure.
The course has hidden
costs.
Lack of peer-to-peer
and peer-to-instructor
communication.
The used language is
too complex e.g. has too
much jargon and
complex words.
Lack of feedback or it
has bad quality and a
lack of transparency in
the assessment.
Lack of real-time
support.
Lack of motivation,
effort, and interest,
financial problems,
learning disabilities,
insufficient skills, and
limitations with the
technology.
Lack of dynamic and
interactive activities,
such as games.

Internal

(El Said, 2017; Kim et al., 2017; Singh
and Mørch, 2018)

Internal

(Colman, 2013; El Said, 2017; Evans et
al., 2016; Gomez-Zermeno and Aleman
De La Garza, 2016; Hone and El Said,
2016)
(Colman, 2013; Khalil and Ebner,
2014)
(Colman, 2013; El Said, 2017; Hone
and El Said, 2016; Khalil and Ebner,
2014; Sujatha and Kavitha, 2018)
(El Said, 2017; Gomez-Zermeno and
Aleman De La Garza, 2016; Hone and
El Said, 2016; Shapiro et al., 2017;
Singh and Mørch, 2018)
(El Said, 2017; Hone and El Said,
2016; Khalil and Ebner, 2014; Sujatha
and Kavitha, 2018)

Course structure

Cost
Communication

Language

Feedback

Real-time support
Learner related
problems

Interactivity

Internal,
Learner skills
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Internal
Internal

Internal,
Learner skills

Internal

Internal
Internal,
External,
Learner skills

Internal

(Belanger and Thornton, 2013;
Colman, 2013; Despujol et al., 2014;
Gomez-Zermeno and Aleman De La
Garza, 2016; Harju et al., 2018; Khalil
and Ebner, 2014; Shapiro et al., 2017;
Singh and Mørch, 2018; Zheng et al.,
2015);
(Despujol et al., 2014; Gomez-Zermeno
and Aleman De La Garza, 2016)

(Khalil and Ebner, 2014; Sujatha and
Kavitha, 2018)
(Belanger and Thornton, 2013; GomezZermeno and Aleman De La Garza,
2016; Harju et al., 2018; Khalil and
Ebner, 2014; Shapiro et al., 2017;
Singh and Mørch, 2018; Sujatha and
Kavitha, 2018)
(El Said, 2017; Khalil and Ebner, 2014)

2.5.2 Communication and content
Communication in MOOCs is one of the key problem areas that should be concentrated on
when trying to increase performance. Inherently the massiveness defies the possible learner
and instructor relationships, but as the learner number is great, it should open an avenue for
more enhanced peer interaction. A majority of the included studies acknowledge the need
for communication between peers and between instructors and peers. Learner participation
on discussion forums has been found as a factor that affects positively on the completion
rate (Belanger and Thornton, 2013; Chen and Zhang, 2017; Crues et al., 2018; Goldberg et
al., 2015; Hone and El Said, 2016; Khalil and Ebner, 2014; Tseng et al., 2016). As Chen and
Zhang point out, any kind of forum participation could increase learner retention (Chen and
Zhang, 2017). Also concurring with other studies, Hew found in his research that peer
interaction is one of the characteristics of a popular MOOC (Hew, 2016).

While increasing interaction between peers is a more feasible strategy to decrease the learner
isolation and improve the retention considering the instructor to learner ratio, but still efforts
to include instructor communication are highly needed (El Said, 2017). The support,
feedback, and guidance from instructors are essential. Like Tseng et al.’s results suggest,
feedback from instructors on discussion platform could enhance learners’ engagement
(Tseng et al., 2016). Hew’s collected characteristics agree on the fact that instructor
accessibility is a common factor in popular MOOCs (Hew, 2016). While peer
communication is valuable, when considering learner confusion, instructor accessibility
comes vital. Yang et al. studied learner confusion in MOOCs. They found that learner
confusion affects learner dropout rate, and the more confused a learner is, the easier they are
exposed to other learners’ confusion. (Yang et al., 2016). Resolving learner confusion early
is important. The interaction with other learners can certainly help with the resolving
process, but instructors are in a unique position. To put it in perspective, what if other
learners are confused as well or do not engage with the confused learner?

Feedback can be considered to be a way that instructor communicates with learners. It is
obvious that highly personalized feedback is a great way to increase learner-instructor
bonding and help the learner in highly specific problems. Although, the feasibility is nonexistent when considering the volume and diversity of learners without utilizing machine
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intelligence (Xiong and Suen, 2018). According to the instructional quality framework,
feedback should be provided on learner performance. Belanger and Thornton follow the
same path. They state that learner completion should be promoted and part of that is
recognition of accomplishment. While they are referring to courses’ credential reward, it is
still applicable in normal assessments. They also conclude that assessments and feedback by
peers could be part of this equation, which would also promote peer interaction. (Belanger
and Thornton, 2013). According to Xiong and Suen, peer assessment is the key. It is a
scalable and fairly fitting solution for any context and purpose. (Xiong and Suen, 2018). The
peer assessment is highly dependable on the individual, so there are concerns about the
assessment quality and accuracy. For formative assessments, automated constructive and
peer feedback seem to be solid answers. As for summative assessments, peer assessments
are a possibility, but more likely, instructor interference is needed in the evaluation process
to ensure quality. It should be also noted that peer assessments require learner participation
synchronization (Khalil and Ebner, 2014).

Following the guidelines of the instructional quality framework, a problem-centric nature of
the activities is the way to go. Hew’s research concurs with the importance of problemcentric activities. Along with other found characteristics, he found that problem-centric
learning was a common characteristic among popular MOOCs. (Hew, 2016). Also, a purely
theoretical approach has been seen as undesirable by some learners (Sujatha and Kavitha,
2018). Along with the problem-centricity, like the framework’s principle eight states that
different kinds of learning resources should be provided depending on learners’ needs. In El
Said’s study, it came as an apparent solution for some of the retention problems relating to
the lack of media diversity. MOOCs should not only provide lecture videos but accompany
them with transcripts. Additional information, alternative technologies, topic related extra
resources, and case studies are possible ways to increase retention and the quality of learning.
(El Said, 2017). Case studies and practical examples underline the FPoI principle of
demonstration, while also being related to the framework’s principle nine as a real-world
resource. Belanger and Thornton conclude that professional development promotes learner
completion (Belanger and Thornton, 2013), which could be related to the real-world aspect
of the resources.
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2.5.3 Time management
From the viewpoint of course design, external problems are next to impossible to abolish,
but they can be mitigated on some level. Park mentions in her research that some external
problems can be mitigated with proper course design and technologies. Financial, family, or
personal issues are mostly out of reach, but time management can be affected. (Park, 2007).
The lack of time and lack of time management skills can be eased by designing the MOOC
to support it (Harju et al., 2018; Khalil and Ebner, 2014).

Time management starts from the course structure. Alario-Hoyos et al. conclude that course
should have balanced weekly contents (Alario-Hoyos et al., 2017). A clear and balanced
routine through the course should help with learners’ time management. Time and effort
estimations should accompany the structure. In El Said’s study, the interviewees wanted a
visual diagram of the course content, which includes time and effort estimations for each
topic (El Said, 2017). Alario-Hoyos et al. also stated that a weekly workload and the
workload for individual assignments should be clear (Alario-Hoyos et al., 2017). The clear
time and effort estimations show the learner how much time they need to allocate for content.
Additionally, it allows the learners to see the value within the content and they can choose
to skip the parts that do not hold enough value to them (El Said, 2017).

Prerequisites should be shown before each topic or module (El Said, 2017). Learners should
know what they need to obtain as in knowledge or tools before they jump into a module. The
lack of needed prerequisites affect the learners’ timetable and they can make educated
choices about completing the module at the time or obtaining the prerequisites before.
Without stating the needed requirements, the learner could be exposed to confusion. After
each module, there should be an assessment to assess the learner’s knowledge about the
module. According to El Said, it would allow learners to skip topics and redesign their
learning track if needed (El Said, 2017). Singh and Mørch state in their study that after
providing the material for learning, the learners should be encouraged to discuss with other
learners (Singh and Mørch, 2018). By combining Singh and Mørch’s statement with the fifth
principle of FPoI, learners should be encouraged to discuss and reflect after each module,
after they have learned the planned content.
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Along with the structure, the provided content should be clear. The used language should be
easy to understand and jargon should be avoided (El Said, 2017). Content should be
delivered as clearly as possible. Evans et al. found that learners are sensitive to video titles.
Words like “optional”, “conclusion” and “exercise” should be avoided if the video contains
important information since learners are more likely to skip them. Evans et al. continue that
if you have a video that contains core concepts or other important information, labels like
“overview” and “intro” can help with the retention. (Evans et al., 2016). Evans et al.’s
findings can probably be generalized to fit any course material. Clearly stating which
material is optional and what is required to go through is vital.

MOOCs should be flexible and self-paced because these traits have a direct effect on learner
time management. Flexibility and the possibility to learn at your own pace are one of the
core reasons people enroll in MOOCs (Sujatha and Kavitha, 2018). These traits should be
considered as MOOCs’ strengths and as values that should be preserved. MOOC design
should take flexibility into account. Course content should be flexible, divided into small,
meaningful, easy to scan chunks (El Said, 2017; Hone and El Said, 2016). The content
division helps with the clear structure, time, and effort estimations and allows the learner to
easily continue where they left off. Evans et al. also found that having longer classes
correlate with lower rates of retention and completion (Evans et al., 2016).

Used videos should be short and modular (El Said, 2017) and longer videos can be structured
with in-video quizzes (Chen and Zhang, 2017). On the other hand, Evans et al. did not find
better rates of persistence, engagement, or completion when studying the impact of shorter
videos (Evans et al., 2016). On contrary to Evans et al.’s results, longer videos have been
identified as a problem and other research seems to point at the modular and structured
approach of video delivery is a better choice. Considering the videos and other course
material, learners should be able to go through the material at their own pace, replaying or
re-reading the content should be allowed (El Said, 2017; Kim et al., 2017). While restricting
control of the content has been studied to increase learner engagement, it has its negative
sides in learner satisfaction (Kim et al., 2017). Control should be unleashed from assignment
deadlines also by lengthening the submission period (Chen and Zhang, 2017). Chen and
Zhang also propose that to keep learners progressing on the course, weekly reminders might
be a helpful aid for learner time management (Chen and Zhang, 2017).
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2.5.4 Synopsis of MOOC design
In section 2.5 Finding a MOOC design, we went through design solutions and propositions
that have been deemed to support MOOC quality. While some design solutions can be
derived from the found problem areas, this section was specifically for finding proposed
design solutions. By starting from the quality framework for activities and resources and
ending with empirical findings. In Table 2 below, is a synopsis of found suggestions
regarding the latter, excluding the activity and resource quality framework.

2.6 Gamification
In this section, we take a look into the motivation theory behind gamification and explore
existing empirical research of gamification implementations and their outcomes. The main
goal is to find the most successful gamification elements in the educational context that could
be utilized in gamified MOOC design.

2.6.1 Self-determination theory
Self-determination theory (SDT) is a macro theory of motivation development and wellness,
that aims to explain human motivation. According to SDT, there are two main types of
motivation, autonomous and controlled. An autonomously motivated person acts for
example, upon interest or enjoyment and feels a full sense of willingness. (Deci, 2017).
Unlike autonomous motivation, controlled motivation does not come straight from the value
that the act offers to the person. A person who acts for example, because of a reward or a
punishment, can be classified as having controlled motivation (Ryan and Deci, 2017).
Inherently, autonomous motivation is a better type of motivation than controlled. It has been
found that autonomously motivated people perform better, have greater wellness and
engagement than people who have controlled motivation (Ryan and Deci, 2017).
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Table 2. Synopsis of found design solutions and principles.
Solution
Increasing peer-topeer interaction

Increasing
instructor
accessibility
Problem centric
activities
Media diversity

Balanced weekly
contents
Time and effort
estimations

Clear prerequisites
Module
assessments
Clarity of study
material

Content modularity

Structured videos
Weekly reminders

Description
Encouraging peer participation
e.g. in a discussion forum.

Sources
(Belanger and Thornton,
2013; Chen and Zhang, 2017;
Crues et al., 2018; Goldberg
et al., 2015; Hew, 2016; Hone
and El Said, 2016; Khalil and
Ebner, 2014; Tseng et al.,
2016)
Increasing instructor feedback and (El Said, 2017; Hew, 2016;
guidance e.g. in a discussion
Tseng et al., 2016)
forum or a form of assessment.
Problem centric activities rather
(Hew, 2016; Sujatha and
than just focusing on the
Kavitha, 2018)
theoretical aspect.
Alternative techniques should be
(El Said, 2017)
used e.g. transcripts should
accompany videos.
Aim for a clear and balanced
(Alario-Hoyos et al., 2017)
routine.
Visual diagrams of course content (Alario-Hoyos et al., 2017; El
with workload estimations, and
Said, 2017)
weekly workload and assignment
estimations.
Showing prerequisites before each (El Said, 2017)
topic or module.
An assessment after each module. (El Said, 2017)
Using easy to understand
language and clearly stating
which materials are optional and
which are not.
Flexible content, divided into
small, meaningful, easy to scan
chunks.
Short and modular or structured
videos e.g. with in-video quizzes.
Weekly reminders to aid with
learner time management.

(El Said, 2017; Evans et al.,
2016)

(El Said, 2017; Hone and El
Said, 2016).
(Chen and Zhang, 2017; El
Said, 2017)
(Chen and Zhang, 2017)

According to SDT, all humans have basic psychological needs that need to be fulfilled. The
basic set consists of three needs: competence, relatedness, and autonomy. Competence is the
sense of knowing that you can succeed and develop, and the feeling of mastery. The second
need, relatedness, is the sense of belonging and connection. The final need, autonomy, is
about the sense of control, the feeling that you have the ownership of your actions. (Ryan
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and Deci, 2020). By fulfilling these needs a person can be autonomously motivated in the
activity. Autonomous motivation can be separated into two categories, intrinsic motivation
and internalized extrinsic motivation (Ryan and Deci, 2017). Intrinsic motivation is
internalized, a person is willingly doing the activity for example, because of his/her interest
in the activity (Deci and Ryan, 2000). In general, extrinsic motivation covers acts that are
done for other than direct satisfaction that the act brings but can also be internalized. The
most autonomous form of extrinsic motivation is called integrated regulation, which is
achieved when a person sees the value in the activity and the value supports already existing
interests and values. (Ryan and Deci, 2020).

2.6.2 Gamification in education
Games provide fun and enjoyment for most of us and can keep us engaged for long periods
of time. They keep us autonomously motivated to the point that they become addicting. The
theoretical background for the high motivational appeal seems to be rooted in the SDT.
Engaging games have been studied to fulfill our basic psychological needs: competence,
relatedness, and autonomy (Przybylski et al., 2010). For example, a game that provides
competitiveness or a challenge of another kind potentially satisfies the need for competence,
a game that permits social interaction or other connections fulfills relatedness, and a game
that offers different choices and avenues for the player to choose from supports autonomy.
A well-put game can therefore inherently lead to autonomously motivated engagement.

In contrast to games, learners in MOOCs have reported the lack of motivation, lack of
interactivity, and boring content being reasons for dropping out. Also, a major part of
learners joins MOOCs for fun and enjoyment (Belanger and Thornton, 2013; Shapiro et al.,
2017). As the core components in games fulfill these MOOC needs, it feels evident that by
applying game-like elements into MOOC context, we could make learning more motivating
and engaging (Freitas et al., 2015; Xiong et al., 2015).

The use of game design elements in a non-game context, also known as gamification
(Deterding et al., 2011), is not a new concept in education. Several studies have tried and
studied the implementation of gamified elements in the educational context. Some of the
most common gamification element categories are listed in Table 3 with their descriptions.
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Table 3. Common gamification element categories and their descriptions. Adapted from
(Seaborn and Fels, 2015).
Element category

Description

Points

Numerical representations of progress e.g. points and
experience points.

Achievements

Components that signify an achievement e.g. badges and
trophies.

Leaderboards

Social comparison and ranking displays e.g. scoreboards.

Progression

Indications of progress e.g. progress bars and level-ups.

Rewards

Desirable items e.g. prizes and incentives.

Difficulty levels

Increasing difficulty e.g. activities getting harder.

Challenges

Tasks or problems that test learner’s abilities.

Roles

Role-playing as a character e.g. avatars and usernames.

The literature shows that gamification is a promising avenue for increasing learner
motivation, engagement, or even performance (Hung, 2017; Subhash and Cudney, 2018).
To find the appropriate gamification elements, 19 different empirical studies were chosen as
the backbone for the element conclusions. Synopsis of the sources, elements, and their
findings can be found from Table 4 below.

By far, the most used element was an achievement in a badge format. Leaderboards and
points, which come hand in hand since the point system is usually part of the leaderboard
comparison, had also a strong presence. The frequency of these elements matches Subhash
and Cudney’s findings (Subhash and Cudney, 2018). In addition to previous elements,
progress indicators, like progress bars, were prominent. A diagram of the element
frequencies and results can be seen in Figure 4.
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Table 4. Synopsis of found empirical gamification study results.
Source

Gamification
elements

Target

Learner group

Results

(Denny, 2013)

Badges

Population health
course

Undergraduate
students

Increased contributions
and engagement.

(Domínguez et
al., 2013)

Challenges,
badges,
leaderboard,
difficulty levels

Undergraduate
students

Increased initial
motivation, better
practical scores but poor
written performance.

(Goehle,
2013)

Progression,
achievements,
points

Qualification for
users of
information
technology
course
Mathematics
homework
program in
Calculus 1 course

Undergraduate
students

Most learners were
motivated by the
elements.

(Li et al.,
2012)

Challenges,
badges,
leaderboard,
difficulty levels,
points, rewards,
minigames
Badges,
leaderboard

Design software
course
(AutoCAD)

Various groups

Improved engagement,
enjoyment, and learning.

Online digital
media course

Various groups

Badges,
leaderboard,
rewards,
usernames
Badges, points,
leaderboard

Communication
course

Various groups

Learners were
moderately positive
towards gamified
elements. Hidden
badges were a problem.
Less motivation,
satisfaction, and
empowerment

Instructional
technology
program

Postgraduate
students

(Ibáñez et al.,
2014)

Badges,
leaderboard,
points, avatars,
usernames

C-programming
course

Undergraduate
students

(Khalil et al.,
2017)
(Vaibhav and
Gupta, 2014)

Activity meter

Free Online
Learning course
Vocabulary
course

Various groups

Business and
economics course

Various groups

Badges,
leaderboard

Business and
economics course

Various groups

Badges,
leaderboard,
avatars,
challenges, points

Object-oriented
programming
course

Networks and
telecommunications
students

(McDaniel et
al., 2012)

(Hanus and
Fox, 2015)

(Alabbasi,
2017)

(OrtegaArranz et al.,
2019a)
(OrtegaArranz et al.,
2019b)
(Rojas-López
et al., 2019)

Challenges:
Flashcards,
speller, space race
and scatter.
Badges, rewards
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Various groups

Learners enjoyed
gamified elements and
reported increased
engagement.
Positive effects on
engagement and
moderate improvements
in learning. Badges were
most effective.
Increased completion
rate and engagement.
Increased enrollment
and engagement.

No significant effect on
engagement and
retention.
Learner behavior
towards badges was
positive.
Gamification offered
good results in
emotional and social
aspects.

(Matsubara
and Silva,
2017)

Badges, points,
progression,
quests,
leaderboard
Badges, points,
challenges,
quests,
leaderboard

Software
engineering study
group

Software
engineering students

Learners got better
overall scores and
higher attendance rates.

Multimedia
Content
Production
course

Postgraduate
students

Postgraduate
course’s online
discussion
environment
Unified
Modeling
Language course

Postgraduate
students

(Jurgelaitis et
al., 2019)

Badges,
progression,
leaderboard,
points
Badges, points,
difficulty levels,
trading system,
virtual currency,
progression,
leaderboard

Improved engagement,
learners reported the
course being more
motivating and
interesting.
Positive impact on
learner engagement.

3rd-year software
engineering students

The average learner’s
score improved.
Intrinsic motivation
increased.

(Bovermann et
al., 2018)

Badges,
progression

Undergraduate
course

Undergraduate
students

High acceptance with
the gamified system.

(SaraguroBravo et al.,
2016)

Badges,
progression,
points

Unclear

Unclear

The retention rate
improved.

(Barata et al.,
2013)

(Hasan et al.,
2019)

Found results were mostly positive, but there were some mixed results and one negative
outcome. Most of the studies found or speculated that gamification increased learners’
engagement (Alabbasi, 2017; Barata et al., 2013; Denny, 2013; Hasan et al., 2019; Ibáñez et
al., 2014; Khalil et al., 2017; Li et al., 2012; Saraguro-Bravo et al., 2016; Vaibhav and Gupta,
2014), but also conclusions about increased learner motivation (Barata et al., 2013;
Domínguez et al., 2013; Goehle, 2013; Jurgelaitis et al., 2019), increased enjoyment
(Alabbasi, 2017; Li et al., 2012) and even improvement in learning outcomes (Ibáñez et al.,
2014; Jurgelaitis et al., 2019; Matsubara and Silva, 2017) were apparent in the literature. A
more moderate result was the learner attitude towards gamified elements, which was found
to be fairly positive (Bovermann et al., 2018; McDaniel et al., 2012; Ortega-Arranz et al.,
2019b). While McDaniel et al. concluded that learners were moderately positive towards the
gamified elements they had mixed results with their implementation. They speculated that
some learners felt frustration towards badges. Some of the badges were purposely hidden
and harder to obtain, which affected learner motivation negatively because part of the course
grade came from collected badges. (McDaniel et al., 2012). Domínguez et al. also got mixed
results. They found that their gamification elements increased initial motivation and affected
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learners’ practical scores positively but led to poorer written performance when compared
to the control group (Domínguez et al., 2013). On the other hand, Ortega-Arranz et al. did
not find any significant effects on learner engagement and retention with their gamified
solution (Ortega-Arranz et al., 2019a). Contrary to the positive gamification results, Hanus
and Fox found that gamified solution had negative effects on learner motivation and
satisfaction. In their research, they witnessed that gamified course resulted in lower exam
scores because of the lack of intrinsic motivation. While the results unfavored gamification,
they concluded that with clear objectives and with certain game mechanics it is possible to
create engaging experience. (Hanus and Fox, 2015).

Frequency

Gamification element frequencies and results
18
16
14
12
10
8
6
4
2
0

Positive

Mixed

Negative

Figure 4. Gamification element categories’ results and frequencies in used studies.
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3

RESEARCH METHODOLOGY

Design is a process in which the need and solution are identified and developed (Blessing
and Chakrabarti, 2009). Depending on the discipline the exact definition differs. In
information systems (IS) design has been defined as a process of creating useful software
artifacts that are aimed for solving human problems. (Hevner and Chatterjee, 2010). Design
is inherently an important aspect of IS, which escalates the importance of design science
research (Alturki et al., 2012).

3.1 Design science research
According to Blessing and Chakrabarti, there is no consensus on what design science
research investigates and how. There are many definitions, but usually practical improving
of a design is present. (Blessing and Chakrabarti, 2009). In the context of IS, Hevner and
Chatterjee defined design science research to be a research paradigm that concerns
producing innovative artifacts to address relevant human problems. The produced artifacts
can be categorized generally into constructs, models, methods, instantiations, and better
theories. (Hevner and Chatterjee, 2010). While design science research focuses on producing
the right artifact for a specific problem, its goal is to make the design more efficient and
effective (Blessing and Chakrabarti, 2009). For IS design science research suits well as a
research paradigm, because their intentions are similar. Like design science research, IS aims
for creating artifacts that fulfill a human need (Alturki et al., 2012).

In the early 1990s design science research was introduced to the field of IS (Peffers et al.,
2007). One of the early pioneers that helped to bring design science research into IS, were
Nunamaker et al. Nunamaker et al. argued for a system development research methodology
and presented a multimethodological approach for IS (Nunamaker et al., 1990). After the
presented methodologies, there have been publications that have introduced guidelines and
frameworks for conducting design science research making it viable research methodology
in this day and age. Blessing and Chakrabarti have introduced a Design Research
Methodology (DRM), Hevner et al. have created a conceptual framework and guidelines for
conducting design science research and Peffers et al. have presented a Design Science
Research Methodology (DSRM), a full framework for conducting design science research
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in the context of IS (Blessing and Chakrabarti, 2009; Hevner et al., 2004; Peffers et al.,
2007).

The main premise of the thesis is to produce a MOOC design that focuses on increasing
learner engagement and retention, making design science research as a suitable research
method. For the methodology, the Peffers et al.’s DSRM is used as it builds on prior research
in the field of IS.

3.2 DSRM process
In DSRM process model has six defined activities: problem identification, solution
definition, design and development, demonstration, evaluation, and communication. Any of
the first four activities can be a starting point for a design science research depending on the
situation. An overview of the model can be seen in Figure 5. While the problem itself is
reflected and identified in the 2 LITERATURE REVIEW section, the research process in this
thesis should be considered as an objective-centered solution as its starting point was to
create a solution for a known problem.

Figure 5. DSRM process model (Peffers et al., 2007).

3.2.1 Solution and design
This thesis aims to produce an artifact, with a trail of design choices, for increasing low
learner engagement and retention rates in MOOCs. A literature review was used to acquire
information about the possible problem and solution domains. As reflected in the literature
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section, 2.3 MOOC retention problem, MOOCs are known for their notoriously low
completion rates. While thousands of people signup for MOOCs only a fraction manages to
complete them. There is untapped potential in the optimization of the MOOC design. Taking
into account known problems and possible solutions, a better design can be derived to
accommodate these shortcomings. To further increase the engagement, gamification is
introduced into the baseline design.

3.2.2 Development and demonstration
An artifact MOOC is created from scratch and the derived design is applied to it. The course
material and outline are first designed and written. After the material is ready to be
implemented into a course, a pilot course is created. The course material is transferred into
the design format produced from the earlier DSRM activity. The produced pilot is deployed
into the LUT Moodle platform for demonstration purposes. The demonstration of design
choices happens through an experiment with a sample of pilot testers. The used
experimentation process is further explained in 3.4 Experiments and the implementation of
it in 5 EVALUATION.

3.2.3 Evaluation and communication
The usefulness of the artifact is demonstrated and evaluated through a subject-based
experiment (Peffers et al., 2012). The goal of the evaluation is to test if the derived MOOC
design is feasible from the standpoints of overall quality, and learner performance and
engagement. All of the evaluation data is collected from the experiment directly or indirectly
through post-experiment questionnaires. The process of how the experiment and its
evaluation is conducted is explained further in 5 EVALUATION.
The work made in this thesis is communicated forward through the publication of it. The
design and results of the evaluation are discussed with remarks for further research and
improvements in later sections of the thesis to ensure the baseline for further research. The
thesis made public by publishing it into LUT’s public thesis database, LUTPub.

37

3.3 Literature review methodology
A literature review for the thesis was conducted using the process presented in Figure 6.
The used procedure was simple, starting with defining search terms. After search terms were
defined, search queries were formulated out of them. Some of the key terms, queries, and
targeted domains can be seen in Table 5. The search queries were fed into the LUT Finna
database search. LUT Finna is a search engine that provides results from multiple academic
databases, for example, from Association for Computing Machinery (ACM) digital library,
Institute of Electrical and Electronics Engineers (IEEE) Xplore and Scopus. Additional
filters were applied depending on the result count, helping to reduce the amount of found
papers. The result count was reduced further by removing duplicates and manually filtering
nonrelevant papers. Manually filtering was done by reading the abstracts and conclusions of
the papers and determining if the paper was relevant for the study.

Figure 6. The literature review process of finding relevant papers.

Not all the results were included in the manual filtering process. Foreign articles, written in
some other language than English, papers behind paywalls or papers which could not be
accessed were excluded from the process. It should be noted though, that not all the included
papers were selected through LUT Finna results. Some sources were acquired from
references of other relevant papers and relevant conference proceedings e.g. Learning @
Scale (L@S).

3.4 Experiments
Experiments are empirical procedures that are used when the researcher can and want to be
in control over a phenomenon and manipulate it directly. They can be administered offline
or online, and the researcher is usually in control of the execution of the experiment and its
measurements. (Wohlin et al., 2012). Having control, it is possible to fixate the test situation
and minimize the effects of uninteresting variables and focus on the point of interest. The
fixation of the situations also gives experiments a high level of replication (Wohlin et al.,
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2012). The main advantage that experiments bring to the table is the possibility to get more
general results and statistical significance. With the statistical significance comes the
quantitative nature of experiments. While the method is mostly quantitative, also qualitative
data can be used to support the quantitative results (Wohlin et al., 2012).

Table 5. Key search terms and their domain targets.
Target
domain
Design and
problem
domain

Search terms

Search queries

MOOC, Massive Open
Online Course, retention,
engagement, dropout rate

(MOOC OR Massive Open Online Course)
AND retention
(MOOC OR Massive Open Online Course)
AND engagement
(MOOC OR Massive Open Online Course)
AND dropout rate
Self-study AND (gamification OR gamify)
Moodle AND (gamification OR gamify)
MOOC AND (gamification OR gamify)
Retention AND (gamification OR gamify)
Engagement AND (gamification OR
gamify) AND subject: Education

Gamification Self-study, gamification,
domain
gamify, MOOC, Moodle,
engagement, retention

3.4.1 Experimentation process
The process of conducting an experiment starts from an idea. The motivation behind an
experiment can be, for example, to understand, assess, manage, learn, improve, or validate
a technology (Basili et al., 1986). This usually means that the researcher has an idea of a
cause and effect relationship, a theory for hypothesis (Wohlin et al., 2012). According to
Wohlin et al. after acquiring an idea, the experimentation process holds five main activities:
scoping, planning, operation, analysis, and presentation. While the model (presented in
Figure 7) looks like a waterfall-like model, Wohlin et al. state that the model only represents
the starting order. Steps can be iterated and the next step can be started before the earlier one
has finished (Wohlin et al., 2012).
This model presented in Wohlin et al.’s book is chosen for the experimentation process in
this thesis. There are different models available, for example, Basili et al. presented an
experimentation framework for software engineering in 1986. Their proposed model had
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four main activities: definition, planning, operation, and interpretation. (Basili et al., 1986).
The deciding factors for using Wohlin et al.’s outline for the experimentation in the thesis
were the more recent publication date and the fact that the work has been endorsed by Victor
R. Basili himself (Wohlin et al., 2012). Before reflecting adaption of the process model with
the evaluation done in the thesis, the main process steps are introduced from Wohlin et al.’s
work.

Figure 7. Experimentation process (Wohlin et al., 2012).

3.4.2 Scope and planning
Following the model, the first step is to define the scope of the experiment. In the scoping
process, an outline for the experiment is defined, including its goals and the context of the
experiment. The experiment scope should answer why the experiment is conducted. The
experiment planning starts after the scope has been defined. According to Wohlin et al., the
planning process has seven steps, after which the experiment design should be the outcome.
Context of the experiment should be selected, which can be characterized to four dimensions
that can be formulated into the following questions:
1. Is the experiment going to be conducted online or offline?
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2. Who are the participants, does the sample consist of students or professionals?
3. Is the experiment using real or toy problems?
4. Is the experiment aimed at a specific problem or generalization?

During the scoping phase, an initial theory of a causality relationship was thought out. In
planning this theory is refined into hypotheses, that can be tested with the experimentation.
Null and alternative hypotheses are derived, and the statistical test methods to evaluate the
outcome of the experiment. Statistical testing methods that are used to reject the null
hypothesis, if possible (with predefined significance), are based on some statistical
distribution. Well-formed hypothesis, correct variables can be derived with some domain
knowledge. Two types of variables need to be defined, independent and dependent variables.
Independent variables are variables that can and are controlled and manipulated in the
experiment. These variables have a possible effect on the dependent variables. Dependent
variables are the ones that are measured in the experiment, usually indirectly. The need for
measurement inherently means that appropriate scale of measurement and range needs to be
defined.

Experiment planning includes the step of selecting the test subjects for the experiment, a
sample. The selection defines how generalizable the results are. According to Wohlin et al.,
different kinds of samples can be categorized into two main categories, probability, and nonprobability sampling techniques. In probability sampling, the probability of selecting each
subject is known unlike in non-probability sampling. Probability sampling is randomized,
and every subject within the tested population has an equal chance to be selected, making it
more generalizable for the selected population. The sample size affects the generalizability
as well as the error in the result decreases when increasing the sample size.

Wohlin et al. list some general design principles that should be thought out when planning
the design of the experiment. Important principles that they list are randomization (e.g.
randomizing subjects, objects, order, etc.), blocking (i.e. removing undesired effects between
compared treatments), and balancing (e.g. equalizing subject numbers between treatments).
There are different standard design types that are used frequently. For example, an
experiment can be a study that focuses on one factor (manipulated independent variable) that
is observed in two different treatments of the factor. Additionally, choosing the design
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should be accompanied by choosing the right instruments (e.g. guidelines and
measurements).

To have some validity with the experimentation, the validity of the experiment results should
be considered during the planning of it. Wohlin et al. list four steps that should be considered
when analyzing the validity of an experiment plan:
1. Conclusion validity (Can conclusions be drawn from the experiment result?)
2. Internal validity (Do the results show a causal relationship when there is none?)
3. Construct validity (Does the experiment setting reflect the construct?)
4. External validity (Can the results be generalized?)
According to Wohlin et al. transparency of the known threats is important, and they should
be addressed and accepted.

3.4.3 Operation and analysis
After the planning phase of the experiment follows the operation phase. In operation, the
plan is put into action. Wohlin et al. divide the operation phase into three steps: preparation,
execution, and data validation. In preparation, subjects are selected and prepared for the
study, also needed tools are made ready for the execution phase. After preparations, the
experiment is executed, and planned data is collected. The acquired data is validated as the
last step of the operation. The goal of data validation is to ensure that the accumulated data
is what it supposed to be, meaning that the researchers should look for faulty, for example,
data from misunderstandings and foul play.

Following up on a successful operation is the analysis of the data. Wohlin et al. suggest the
following three steps when interpreting quantitative data. As the first step, descriptive
statistics may be derived from the data to show interesting aspects depending on the study.
Descriptive statistics can be used to understand the data better and to find outliers in the data.
In the second step, the data set is reduced. All the invalid data points are removed, so faulty
data does not affect the hypothesis testing results. After successful reduction, is the last step,
hypothesis testing. Predefined hypotheses are tested with the planned statistical methods. As
the last step of the model, the only thing left after the experiment and analysis are done is to
report the findings.
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3.5 Research questions
The research done in this thesis aims to answer three main research questions (RQ). Two of
the first main questions, RQ1 and RQ2, concern about the baseline design, and the third one,
RQ3, is a question about adding gamification into the baseline design and its effects on
learner engagement and performance.

RQ1: What are the reasons behind low retention rates in massive open online
courses?

This question, RQ1, is answered through the literature review done in section 2
LITERATURE REVIEW. The empirical findings collected from the existing literature are
used to formulate an understanding of what has been found or speculated to affect learner
retention rates in the context of MOOCs. The answer should give the baseline of guidelines
and requirements that should be considered when designing a MOOC.

RQ2: How can massive open online course learner retention be increased by course
design?

The second research question, RQ2, is also answered through the academic literature in
section 2 LITERATURE REVIEW. While the problems accumulated to answer RQ1 guide
the design, the answer to RQ2 should provide design solutions. Combining the results from
RQ1 and RQ2 we should achieve a baseline for a recommended MOOC design.

RQ3: Does gamification improve massive open online course learner retention?

By answering RQ1 and RQ2 a baseline for RQ3 should be achieved. RQ3 aims to answer if
adding gamification can improve the baseline design by increasing learner retention. As the
studies favor greatly benefits coming out of gamification, two hypotheses were derived.

H1: Gamifying course design affects learner engagement positively.
H0: Gamifying course design does not affect learner engagement positively.
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The first hypothesis pair concerns about the engagement improvements brought by
gamifying the course design. The engagement was chosen as an indirect measurement of
retention since it is more measurable, and it is affected by the design directly. The alternative
hypothesis, H1, was derived from the empirical results found in literature, which favored the
results of gamification increasing engagement.

H2: Gamifying course design affects learner performance positively.
H0: Gamifying course design does not affect learner performance positively.

The second hypothesis pair considers the possibility that gamification affects learner
performance. The premise of the alternative hypothesis was derived from the literature. It
should be noted though, that there are mixed results considering the performance
improvements regarding the included empirical results.
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4

DESIGN AND IMPLEMENTATION

This section is for going through the artifact’s design and implementation. Firstly, the artifact
course and the deployment environment are presented, following up with the design and
implementation choices.

4.1 Artifact course
The proposed design choices were applied to an artifact course that was made during the
thesis. The course topics revolve around personal information and cybersecurity, and the
course’s main goal is to give learners understanding and the tools to keep themselves safe in
our highly digitalized world. For the sake of simplicity, the course is referred to as PISC
(Personal Information Security Course) from this point forward. PISC is aimed for everyone
who lacks or wants to complement their personal information security knowledge, skills,
and practices. The course content only scratches the surface of information security,
providing very fundamental information. Because of this fundamental nature, PISC does not
have any prerequisites and has a light workload. The course was planned to reward the
learner one ECTS (European Credit Transfer and Accumulation System) credit upon
completion, which translates to 26 hours of work from the learner’s part. In a MOOC setting,
PISC can be characterized as an xMOOC. The course materials are provided by the
instructors and the topics are fixed. By the fixation, the course has a high level of automation
as the course's main activities and assessments do not require instructor interaction. PISC
was designed to be a fully self-paced course and for a learner to reach course completion,
they need to achieve 50% of available points from course quizzes.

The artifact course was made from scratch. The topic coverage was derived from already
existing courses and from expert knowledge. The lecture material was written based on
different sources, like Finnish police, but a lot of material was from external sources.
External news articles and videos were used as authentic, real-life examples, but since they
are hosted on their respective sites and rights are held by the original creators, the material’s
availability can be deemed to be unstable. Within the time restrictions of the implementation,
the problem was mitigated by web archiving the public news articles to ensure their
availability.
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4.2 Environment
PISC was deployed to Moodle Learning Management System (LMS) version 3.6. As it reads
in Moodle’s documentation, Moodle’s purpose can be summarized as: “--- a learning
platform designed to provide educators, administrators and learners with a single robust,
secure and integrated system to create personalised learning environments.” (Moodle,
2018). Moodle is an open-source and free-to-use platform, which aims to be a highly usable,
flexible, and scalable environment (Moodle, 2018). The need for these qualities can be seen
in Moodle’s popularity. Over 156 000 sites use Moodle with over 23 million courses in 238
countries around the world (Moodle, 2020a). In the context of MOOCs, Moodle seems to fit
in the picture quite adequately because of the advertised scalability and flexibility. The
suitability for the MOOC purpose should also be covered by the included features
(Blagojević and Milošević, 2015). Considering especially xMOOCs, Moodle provides tools
for automatic grading, peer assessments, and activity reports (Moodle, 2019a). While
Moodle has quite an impressive feature palette, it can be supplemented with communitysourced plugins. At this time, there are almost 1700 different plugins to choose from in
Moodle’s plugin directory (Moodle, 2020b). As it comes to the gamification aspect, there
are ways to implement needed elements (Kiryakova et al., 2014). Empirically, it has been
found that gamification of Moodle courses has been quite successful (Bovermann et al.,
2018; Hasan et al., 2019; Jurgelaitis et al., 2019), but some external plugins might be needed
to provide missing features (Jurgelaitis et al., 2019).

4.3 Artifact design
Margaryan et al. state that by using the instructional quality framework, will greatly benefit
the quality of a course overall (Margaryan et al., 2015). In this thesis, we are going to use it
as the baseline design for the artifact’s activities and resources. For getting more optimal
results, baseline design is used with the combination of gamification, time management
components as they appear to be possible solution domains according to the literature
review. Additionally, found empirical results, that do not fit in previous components, are
taken into account. A model of the design framework can be seen in Figure 8 below.

46

Figure 8. The used design framework for deriving a MOOC design.

4.3.1 Activities and resources
As mentioned in the literature review, FPoI and its extended form were used as the baseline
of the activities and resources. According to the first principle, activities should be problemcentric. To follow this guideline, the pure theoretical focus was avoided. The course’s
lessons focus on problems in a real-world setting and exercises revolve around the same
problems. Most of the examples were from the real-world, for example, phishing pages, and
better context was given with articles that focused on stories from the real world. Learner’s
existing knowledge was also activated by thought-provoking questions that were aimed for
digging up their own experiences about the discussed matter. This setting should comply
with activity principle two, because of the base of existing knowledge. Lessons contained
bad and good practices and their possible outcomes, in a theoretical though-provoking form
or as in real-world examples, hence the third principle should be taken into account. The
fourth principle states that a possibility for applying the learned knowledge should be
provided. This is where the course’s exercises come into place. Mostly problem-centric
exercises tested learner’s knowledge on the topic as well as problem-solving in a fairly easy
manner. As far as the skill reflection or discussion goes, as in the fifth principle, a discussion
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platform was provided. About its implementation and restrictions are discussed later in this
section.
PISC’s xMOOC nature emphasizes the importance of used resources. Considering the
extended FPoI, principles that focus on course resources, PISC seems to have fairly good
resource quality with some limitations. The sixth principle states that learners should be
allowed to contribute to the collective knowledge and as the seventh principle demands for
learner collaboration. These principles were not forced into action, only a possibility was
provided through the course’s asynchronous discussion board. As far as the information
source variety goes, as in principle eight, PISC should be compliant to some extent. The
course has some alternative material accompanying the lecture text material as in videos and
articles. In relation to these materials, as stated before, most of them were in a real-world
setting, meaning that real-world examples were provided. This should mean that the ninth
principle should be covered. According to the last principle, a course should provide
performance feedback for the learner. In PISC, performance feedback is provided in the form
of numerical and written automated feedback after completing exercises, as well as with
different kinds of progress indicators. Progress indicators are discussed more in the
gamification section later.

4.3.2 Structure
Time management friendly course structure was derived from the included literature. The
model can be seen in Figure 9 below. The strengths of the model are modularity, balance,
transparency, and clear structure. Modules have a clear, routine structure and a flow
accommodates the literature conclusions. From the course level, learners can observe topics
included in the course, module division, and time and effort estimations. At the module level,
the learner can see what prerequisites the module has and its time and effort estimations
before the learner starts it. As it cannot be seen from the model, proposed modules should
have a consistent workload and their duration should not exceed learner’s engagement.
Longer modules should be divided into smaller ones if needed. The whole model, a course,
can be seen as one course module along with other courses. As it is a module as itself, an
assessment after it, like a summative assessment that tests learners’ knowledge on all of the
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course topics (e.g. traditional exam), is a possibility. The modularity and clear structure of
the course will allow extending the model to a higher level.

Figure 9. Proposed course structure model that is built on supporting good time
management.
Considering the time management aspect and the derived model, first, the course content
was divided into four different topics, one being an introductory topic. Excluding the
introduction, each of the topics has five to six subtopics. The goal was to balance the
workload among the topics and their subtopics. Although, not all of the subjects have the
same workload considering the subject’s difficulty and the amount of material available. It
should be noted that the initial structure might have some imbalances. To further divide the
content, each subtopic was divided into smaller content chunks. This was to amplify the
possibility to return to the content and continue learning where the learner left off.
Additionally, the aim was to avoid overwhelming the learner with the amount of material.
Moodle’s lesson activity was used for the content division purpose, which is a series of
content pages with a determined learning flow (Moodle, 2020c). As well as the lessons,
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exercises were divided into small chunks. Only one question is presented per page, which
should help the learner to concentrate on the task at hand. An overview of the course’s
content structure can be seen in Figure 10.

Figure 10. Subject categorization diagram.

A clear and balanced structure should help with learner time management. In addition to the
structure, transparency of the content workload is a helpful trait. For this reasoning, the
course content diagram (in Figure 10) was shown on the course landing page. Learners could
see right away if the course holds any value to them and start planning their learning route.
Also, it was decided that the external resources, like news articles, have workload or time
estimations. If the external material were in a video format, the duration of it would be in
the presence of the link. On the other hand, if the link was for a news article, page estimation
would be present. In a principle, the main idea is to give an accurate estimation as possible,
so learners can allocate the right amount of time for a resource. As well as the external
content, within a lesson learners could see the pages included in the lesson. This also made
content page skipping and navigating directly to a content page of interest possible, but also
an intended flow was provided by implementing navigation buttons. An example view of a
content page can be seen in Figure 11.
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Figure 11. Example view of a lesson content page. The lesson menu can be seen on the left
of the image.

The learning path was designed to be not too restrictive with some exceptions. At the start
of the course, learners need to complete the introductory lesson before they could access the
other lessons. The introductory lesson was deemed to be important because it contains vital
information about the course and how it is meant to be completed. Another designed
restriction was not allowing the learners to attempt course exercises before the related lesson
was marked complete. Within these exceptions, learners could choose the learning path of
their choice.
For the first iteration of the course, the pilot, not all of the course model’s suggestions were
implemented. Only the last topic module has any prerequisites, so no other module had any
prerequisites listed. Overall topic and module effort estimations were excluded from the
implementation because there was no test data to base effort estimations on. Additionally,
the course did not have a summative final assessment either because of the predefined course
assessment method.
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4.3.3 Communication
Literature suggests that MOOC design should incorporate a platform that allows
communication. The need for it can be related to the quality of the learning framework’s
principles five, six, and seven. A communication platform would allow the leaners to discuss
and reflect on their learned knowledge or skill, allow the learners to accumulate collective
knowledge, and allow the collaboration with other learners. As well as providing a platform,
participation, and engagement with other learners should be encouraged.

As for the course communication between learners and as to provide a medium for contacting
instructors, an asynchronous question and answer platform was provided, Piazza. Piazza is
a free message board that can easily be integrated with Moodle (Piazza, 2020). While
providing basic asynchronous messaging functionalities, the platform also allows optional
learner anonymity when posting. From a gamification standpoint, Piazza offers the
possibility for instructor endorsements and it has a point system for the learners. Instructors
can endorse learner questions and answers, and learners can reward posts with points to
thank for the helpful content. (Piazza, 2020).

4.3.4 Assessment and feedback
To assess the learner’s learning process, exercise modules were added into the Moodle. After
every completed lesson, an exercise module would open. Moodle’s quiz activity was used
for this purpose. Moodle quizzes handle a plethora of different question types (Moodle,
2019b), but for PISC, true and false, multiple-choice, matching, and drag and drop text
question types were utilized. Firstly, the question types were chosen because of the need for
assessment automation. More unrestricted questions, like essays, would require peer reviews
and learner synchronization or manual instructor evaluation, which were not in the project’s
scope at this time. While gamification was one of the primary goals of the exercises, for the
pilot testing, the implementation of more interactive exercises was not feasible to a certain
extent. On the other hand, some of the chosen question types hold an interactive and gamified
feeling. For example, the drag and drop into the text as a question type can be considered to
be a more interactive choice compared to a normal multiple-choice question. In the exercise,
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learners can drag and drop by using their mouse cursor right solutions from the option pool.
An example question can be seen in Figure 12.

Figure 12. Example drag and drop into text -exercise.
After completing a quiz, the learner would receive a review of the questions and answers.
Immediately, the learner could see the right answers, and where they had the wrong answer.
Including the numerical percentage of solutions correctness, learners would receive
predefined feedback in written form depending on their answer. This was to enhance the
learning process and minimize confusion.

4.4 Gamification
According to the studied literature, it is quite apparent that achievements, points, progression
indicators, and leaderboards have been influencing the most on the positive results, hence
these elements seem to be good candidates for the course design. Especially achievements
seem to be quite effective and liked (Bovermann et al., 2018; Goehle, 2013; Ibáñez et al.,
2014). According to Ibáñez et al. badges were the most important element of influencing
participation. Leaderboards and other mechanic elements were not as appealing. (Ibáñez et
al., 2014). Points and progression indicators help the learner to track his/her progress and
get rewarded by engaging with the content. Progress indicators also support the course
design’s time management aspect. Receiving immediate feedback on your performance, as
in points, and getting acknowledged by receiving an achievement, can be seen as a powerful
motivating factor. Leaderboards, on the other hand, bring the competitive nature of learners
on the table. Competitiveness is a double-edged sword though. While competitive learners
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benefit from it, some participants could dislike the public comparison (Domínguez et al.,
2013; Hung, 2017; Rojas-López et al., 2019). Anonymity should be considered when
designing a public leaderboard to mitigate the negative effects (Rojas-López et al., 2019).

4.4.1 Progression indicators
In PISC’s implementation, three different progress indicators were provided for the learners
to track their progress. As seen in Figure 11, every lesson module has a progress indicator.
The indicator states how far the learner is in the current lesson as a page percentage. After
completing an activity, the activity is marked complete and this is indicated with a blue
checkmark on the Moodle page. Every completed lesson and exercise are also shown in the
Completion Progress block (de Raadt, 2020). The block shows visually the state of the
course open activities to the learner, so they can see which activities they have completed,
and which ones have not yet been completed. The plugin also allows a collective learner
progress overview for the instructors. (de Raadt, 2016). The block acts as a timemanagement tool as well as a progress indicator gamification element. An example image
of lesson progression can be seen in Figure 13.

Figure 13. Completion Progress block in PISC for showing lesson progress.

4.4.2 Points and leaderboard
Accompanying the aforementioned progression indicators, Level Up! plugin was used to
provide extra gamification elements. Level Up! provides an experience system and a
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leaderboard (Massart, 2020). Learners can earn experience points and gain levels depending
on their progression and activity on the course. The plugin shows learners their progress in
experience meters and level numbers as well as ranking the learners according to their
experience in the leaderboard system. Learners can access this so-called “ladder” and see
their progress compared to other learners. An example view of Level Up! leaderboard can
be seen in Figure 14. Like discovered from included literature, leaderboards can have
positive and negative effects. For PISC the negative effects were mitigated by making the
leaderboard anonymous, which keeps the competition aspect but removes the public
comparison between different individuals.

Figure 14. Example view of an anonymized Level Up! leaderboard.

Nine experience levels were implemented into the level system in PISC, which can be seen
in Table 6. The experience was scaled to fit the length and the number of activities in the
course. The last level was designed to be achieved after the learner has completed all of the
activities. This design did not account for extra experience points that learners receive from
revisiting activities but only ensured that maximum level could be achieved after completing
all of the tasks.
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Table 6. PISC experience levels and their icons.
Level number
1

Icon

Level name
Novice

2

Amateur

3

Apprentice

4

Advanced apprentice

5

Learner

6

Adept learner

7

Expert

8

Specialist

9

Master
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4.4.3 Achievements
Several achievements were implemented into PISC in the form of badges. Moodle’s badge
management system was used for this purpose (Moodle, 2019c). Moodle’s badge system
allows rewarding course badges according to different criteria. Badges can be given
manually or acquired automatically depending on already awarded badges, course
completion, activity completion, and competencies. As the available criteria options are
quite restrictive, in PISC badges were awarded only for activity completions. Used badges
and their descriptions can be seen in Table 7.

Table 7. Implemented badges and their descriptions.
Badge image

Name
First step

Description
The learner has
completed the
“Introduction” section.

Keeping scammers
at bay

The learner has
completed the “Scams”
section.

Trojan threat

The learner has
completed the
“Extending the threat
landscape” section.

Protections in order The learner has
completed the “Secure
actions and protection”
section.
Omniscient
accomplisher

The learner has
completed all the
sections and tasks.

Question & answer

The learner has visited
the course’s
communication
platform.
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5

EVALUATION

The produced artifact was evaluated to ensure the quality of the artifact and to test the
proposed hypotheses. The main goal was to test if MOOC gamification can improve the
retention of a course from engagement and performance aspects. In addition to gamification
results, non-statistical information dropout reasons were collected. The overall MOOC
design quality was also evaluated from the learner and expert standpoints. To test hypotheses
and collect data for further analysis, a controlled experiment was conducted in the LUT
Moodle environment from the viewpoints of learners and experts.

5.1 Experiment design
The experiment was designed to follow a standard design type, one factor with two
treatments (Wohlin et al., 2012). This experiment design type is for comparing two
treatments and producing conclusions from the analysis of the comparison. The same objects
are used for both treatments and participants are randomly assigned to use a treatment.

In an adaptation of the design, two versions of PISC were produced and deployed to the LUT
Moodle platform. One with gamified design elements (treatment 1) and one with only the
derived baseline design (treatment 2). Therefore, both of the courses were the same object,
although different instances, only with a treatment difference. The experiment was designed
to last for two weeks, after which the experimentation results were analyzed.

5.1.1 Variables
The research questions and hypotheses were explained in 3.5 Research questions section of
this thesis. While the conclusions for research questions RQ1 and RQ2 were derived from
literature, the experiment was designed to answer RQ3. RQ3 holds the hypotheses about
gamification and its effect on learner engagement and performance. The overall quality of
the course design is concluded from the course feedback (open and closed-ended) and by
using expert interviews which are explained in 5.3 Expert interview.
In Table 8 below are the variables and measurements that are used in hypothesis testing. As
the independent variable, that acts as the factor in the experiment’s treatment, is
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gamification. To measure how gamification affects dependent variables of interest,
engagement, and performance, different measurements are planned to be used. Learner
engagement is measured with three measurements. The number of content accesses concerns
the amount of how many times the learner has opened a Moodle activity, for example, a
lesson page. The number of dropouts is the number of people who did not receive a passing
grade before the course deadline. The last measurement that is used for measuring
engagement is the User Engagement Scale (UES). This engagement measuring instrument
is explained in 5.1.5 Questionnaires. Moodle quiz points are used to measure if gamification
has any performance impact on learners.
Table 8. Experiment variables.
Independent
variable
Gamification

Dependent variable

Measurement

Engagement

Number of content
accesses
Number of dropouts

Performance

User Engagement
Scale
Quiz points

Accompanying the quantitative measurements, qualitative data is going to be used to support
the conclusions. The qualitative data is collected with a post-course questionnaire explained
in 5.1.5 Questionnaires.

5.1.2 Sample
For the experiment, a non-probability convenience sample was used. After acquiring enough
participants, they were assigned into three blocks: experts, students, and others. The expert
block was designed to have known experts that were going to be interviewed after the
experiment. The student block held participants who were assumed to be students. Lastly,
the others block was designed to contain the participants who could not be assigned to the
aforementioned groups. The division was done through prior knowledge of the sample. For
example, if a participant provided a student email, he/she is assumed to be a student. Blocks
were further divided randomly into two groups within each block. As the end result, every
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block had two balanced groups that were enrolled in two of the treatment courses. Each
participant could only access one treatment.

5.1.3 Treatments
The control environment (treatment 2) is the baseline. The design for control design was
mainly derived from literature and explained in 4 DESIGN AND IMPLEMENTATION
section. Only the explicitly listed elements in section 4.4 Gamification are excluded from
the design. Otherwise, the courses were the same, including the grading, exercises, and other
aforementioned design choices. An example view of the control course can be found in
Figure 15.

Figure 15. Example view of the control course.

Test environment’s (treatment 1) design starts from the control design as its baseline, but
includes chosen gamification elements that are not implemented into the control design:
1. Progression indicators:
a. Completion Progress -plugin
b. Lesson progression bar
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2. Achievements
a. Moodle badges
3. Points and leaderboard
a. Level Up! experience points and levels
b. Level Up! anonymous leaderboard
An example view of the test course can be found in Figure 16.

Figure 16. An example view of the test course with gamification elements.

5.1.4 Course data
Moodle collects different kinds of activity and grade data during the course. To utilize the
activity and grade data, an external plugin was used, Analytics graphs (Schmitt, 2020).
Analytic graphs is a Moodle plugin that generates graphs from the learner activity and grade
data that can be exported as images or just as data files. With the provided graphs, grade
distributions, content accesses, active learning hours, and assignment submissions can be
visually presented and easily analyzed further. For the purpose of the evaluation, quiz points,
and content accesses are focused on. Quiz points and activity data accumulated from the
courses are compared and analyzed with Mann-Whitney U tests to provide statistical insight
of the result differences as the datasets should be similarly but not normally distributed.
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5.1.5 Questionnaires
Two different questionnaires were conducted a pre-course and post-course questionnaires.
The pre-course questionnaire is for collecting categorization data: participant’s age, sex,
degree, and prior knowledge of personal information security. The post-course questionnaire
mainly consists of two different item categories: questions that measure learner engagement
and questions that measure the course’s overall quality. The used questions can be found in
Table 9 below. For both treatments, post-course questionnaires have these questions, but the
test treatment has also additional questions on specific gamification elements, that can be
used to measure learner’s interest in a specific element.
For the learner engagement evaluation O’Brien et al.’s instrument for measuring user
engagement, User Engagement Scale Short Form (UES-SF), was used (O’Brien et al., 2018).
The instrument has 12 questions and includes calculation metrics for engagement scores.
UES-SF questions are translated to Finnish and modified to fit for the purpose. By comparing
control treatment and test treatment group’s engagement scores, we can support or contest
the engagement improvement conclusions of the data-driven results and achieve greater
validity. To validate the data-driven results for the hypothesis about the course’s overall
implementation, questions that purely focus on measuring how successful the
implementation was, were included in the questionnaire.

5.2 Validity evaluation
The experiment plan was evaluated by using Wohlin et al.’s validity checklist that was
derived from Cook and Campbell’s work (Wohlin et al., 2012). With the checklist, five
validity threats were identified.

Low statistical power and random irrelevancies in the experimental setting are recognized
when considering conclusion validity. The planned sample is a convenience non-probability
sample, which can be seen as a problem considering statistical validity. Additionally, it is
probable that the experiment does not acquire a big enough sample of course completers, so
that valid conclusions can be drawn from the post-course questionnaire measurements.
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Table 9. Post-course questionnaire questions.
Target

Dimension

Identifier

Item

H1: Learner
engagement
(Likert-5)

Focused
attention

FA-S.1

I lost myself in this experience.

FA-S.2
FA-S.3

The time I spent in the course just
slipped away.
I was absorbed in this experience.

PU-S.1

I felt frustrated during the course.

PU-S.2

I found the course confusing.

PU-S.3

The course was taxing.

AE-S.1

The course design was attractive.

AE-S.2

The course was aesthetically
appealing.
The course appealed to my senses.

Perceived
usability

Aesthetic
appeal

AE-S.3
Reward
factor

Artifact validation
(Likert-5)

RW-S.1

Validation

RW-S.2

Completing the course was
worthwhile.
My experience was rewarding.

RW-S.3

I felt interested in this experience.

AVL-S.1

AVL -S.3

The amount of work required was
appropriate.
I learned a good deal in this
course.
The course structure was clear.

AVL -S.4

The course met my expectations.

AVL -S.5

Evaluate the course from 1 to 5, 1
being poor and 5 excellent.
I would recommend the course.

AVL -S.2

AVL -S.6
AVL -S.7
Artifact validation
(Open-ended)

AVO -S.1
AVO-S.2
AVO-S.3
AVO-S.4
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How many hours did you spend to
complete the course?
How would you change the
course?
Which aspects of the course did
you like the best?
Which aspects of the course did
you like the least?
Open feedback.

Random irrelevancies in the experimental setting concern the problems of external factors
impacting the experiment setting. This threat is present because of the short duration of the
experiment and its online nature. It should be assumed that participants have other more
motivating tasks during the experiment, for example, because of summer weather.

Two different internal validity threats were also identified. Selection is an internal validity
threat that concerns the variation of performance within selected participants. It is possible
that if the sample size is too small or because of bad luck, the division of performance is not
balanced between the treatments. It should also be noted that all of the test subjects will be
volunteers, which can inherently affect motivation. Diffusion or imitation of treatments is a
threat that considers the possibility that the control group learns about the used treatment
from the other group or just imitates the other group. Planned test environments are separate,
but the setting cannot make sure that test subjects do not talk about the experiment, because
it is conducted online.
Evaluation apprehension is a construct validity threat that concerns the fear of being
evaluated. When participants know that they are evaluated, they act differently. This threat
is apparent because of the test subject’s performance is evaluated through quiz points and
the participants know that they are involved in a test situation. Still, both treatments have the
same threat, which should mitigate the problem.

5.3 Expert interview
Expert interviews are conducted to gain more knowledge about the material and design’s
feasibility and quality from instructor and expert of the subject standpoints. The expert
interview is conducted in a questionnaire format and administered online; hence it should be
considered as a fully structured interview.

The questionnaire items were made to evaluate the course quality from four aspects: course
material, exercises, structure, and overall feasibility. Every measured aspect of the
instrument has open-ended and closed-ended questions. The closed-ended questions were
mainly made for the experts to give a numerical value from a predefined scale, most of which
were Likert type of scale from one to five, one indicating full disagreement and five
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indicating full agreement. After most of the closed-ended questions in the questionnaire, the
expert is asked to give a reasoning for the given value or give a suggestion to improve the
aspect. The aspects, item, and item types can be seen in Table 10 below.

Table 10. Expert questionnaire questions.
Target
Course material

Exercises

Structure and
presentation

Overall feasibility

Item
Course material covers the most important
topics in its field.
Would you add any other topics? If so,
what topics?
The amount of the course material was
reasonable.
If you thought the amount of course
material was not reasonable, how would
you change it?
Exercises tested topic knowledge.
Would you change the exercises? If so,
how?
Would you add or change any used
exercise types? If so, what?
The amount of the course exercises was
reasonable.
If you thought the number of course
exercises was not reasonable, how would
you change it?
The course’s content structure is
functional.
Would you change the content structure? If
so, how?
The course structure supports the learner’s
time management.
The course material’s presentation is
functional.
Would you change how course material is
presented? If so, how?
Is the course suitable for the target
population?
Why is or is not the course suitable for the
target population? What would you
change?
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Item type
Likert-5
Open-ended
Likert-5
Open-ended

Likert-5
Open-ended
Open-ended
Likert-5
Open-ended

Likert-5
Open-ended
Likert-5
Likert-5
Open-ended
Yes-no
Open-ended

6

RESULTS

In this section, the experimentation results are presented and discussed. Starting from the
used experimentation procedure and the used sample, to the results of post-course and expert
questionnaires and the validation of the produced artifact. At the end of the section, the
results are discussed.

6.1 Experiment procedure
The experiment procedure followed the guidelines stated in the 5.1 Experiment design
section. Over 200 potential participants were contacted through different media. Only a
fraction, 39 participants, agreed and signed up for the experiment. Participants were assigned
to the two treatments with the procedure explained in 5.1.2 Sample.

For the experiment, two weeks were allocated, and the deadline for the course completion
was informed to participants. During the experiment, two reminders were sent at the end of
both weeks, especially targeting participants who had not started yet. Additionally,
participants were told that after successful completion they will receive one ECTS credit,
and during the experiment. They were informed that they would be testing the information
security course’s usability and the testing was for a master thesis, but they were not informed
about two different course instances.

Of the 39 of the registered participants, 32 completed the pre-course questionnaire. At the
start of the experiment control course had 14 participants and test course, treatment with
gamification, had 18 participants. Most of the participants were male, 66 %, while 34 % of
volunteers were female. The gender distribution of the participants and treatments can be
seen in Figure 17.
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Figure 17. Participant gender distribution.

The age distribution of the participants and treatments is presented in Figure 18. Most of the
participants were between 20-30 years old, almost 72 %.

Number of participants

Participant age distribution
10
8
6
4
2
0
< 20

20-25
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31-35

36-40

41-50

> 50
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Figure 18. Participant age distribution.

As well as gender and age, participants were asked what their highest degree was. This was
to map the education distribution between treatments and overall education level. As it
turned out, most of the participants had an upper secondary degree or undergraduate degree.
Considering the course target audience, the sample was quite usable considering this degree
distribution. Participant degree distribution can be seen in Figure 19.
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Figure 19. Participant degree distribution.
The participant division between the two treatments, considering the gender, age, and degree
distributions, was successful. The distributions seem to be fairly balanced between
treatments without any major differences.

After the categorization details, the participants were asked if they worked or studied in the
information technology (IT) field and to reflect their knowledge of information security
according to two measurements: the familiarity with information security and self-perceived
state of personal information security. As for the first metric shows (results presented in
Figure 20), a large portion, almost 44 % of the participants work or study in IT.

Number of participants

Do you work or study in information
technology field?
12
10
8
6
4
2
0
Yes

No
Control

Test

Figure 20. Distribution of participants studying or working in IT.
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The distribution of IT knowledge can be seen in the results of information security
knowledge and know-how. Information security familiarity and the state of personal
information security questions were measured on a Likert type of scale, results ranging from
one to five. In the question about familiarity, one meant very unfamiliar and five meant very
familiar, and in the state of personal information security, the scale was similarly from very
weak (one) to very good (five). The answer distributions can be seen in Figure 21.
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Figure 21. a) Participants' familiarity with information security; b) The estimated state of
participants’ personal information security.
According to the acquired data, half of the participants stated to have more than average
familiarity with the course subject. Additionally, almost 38 % of the participants estimated
having better than average personal information security. Comparing the treatments, the
average values differed in the familiarity and state of personal information security
questions. In the control treatment, participants had a mean of 3.6 when asked about
familiarity and a mean of 3.4 in the personal security state scale. In the test treatment, both
of the means were 3.2.

This group of three questions was made to determine participants’ prior knowledge on the
subject and the need for knowledge that the course was designed to provide. As for the
sample, it would seem that a large part of the sample was fairly familiar with IT and have
more than the desired amount of knowledge of personal information security.
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After the two weeks had passed, Moodle data was collected. From the 39 registered
participants, 24 managed to complete either of the courses making the collective completion
rate almost 62 %. Comparing the treatments though, the division of the completers was not
balanced. In the control course from the 19 participants registered, 14 started the course (~74
%) and 10 completed it (~53 %). The test treatment yielded better results. From the 20
participants, 18 started the course (90 %) and 14 completed it (70 %). A visual presentation
of the retention through these measured throughputs can be seen in Figure 22.

Learner retention
Number of participants

25
20
15

10
5
0
Registered

Started
Control

Finished

Test

Figure 22. Participant throughputs measured at registration, start, and completion of the
course.

The participants who did not start the course or complete it were asked the reasons for not
starting or completing the course through a questionnaire. The collected results were parsed
into categories presented in Figure 23. If one respondent stated multiple problems, all of
them were included in the collective amount. Between the treatments, there were significant
differences when comparing the reasons.
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Frequency

Reasons for dropping out
8
7
6
5
4
3
2
1
0
Not enough time

Problems with Didn't realize the Problems with
the platform
schedule
internet
accessability

Figure 23. Collected dropout reasons.

According to the collected answers, the lack of available time was the main reason for the
vast majority. Behind of the insufficient time was mostly family and work restrictions.
Couple participants also reported problems with the Moodle platform. One stated that he/she
did not know how to use the platform and the other stated that he/she had problems logging
into Moodle. These pain points were enough for one of the participants to just quit the course
without contacting the course instructors to resolve the problem. One participant also stated
that he/she had problems connecting to the course site from his/her used network restricting
the time window to complete the course. The problem with realizing the course schedule
was identified from the answers. Couple participants stated that they did not realize the
course’s strict schedule and other things came up to allocate that available time.

6.2 Engagement
Learner engagement is measured with three measurements, the number of content accesses,
the number of dropouts, and UES. Content access data was exported by using the Analytic
graphs plugin. Two main categories of accesses were exported, lesson and quiz accesses.

6.2.1 Content accesses
A graph of lesson accesses can be seen in Figure 24 and respectively a graph of quiz accesses
can be seen in Figure 25.
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Number of participants

Participant lesson accesses
20
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Control - Access

Control - No access

Test - Access

Test - No access

Figure 24. Participant lesson accesses.

The access counts represent how many participants opened a specific activity during the
experiment. Ideally, the number should be as close as possible to the number of participants
in the course. In both of the provided graphs, two lines per treatment are presented. The first
line represents the number of the participants that accessed the content and the other
represents the number of participants who did not.
By analyzing the test treatment’s lines, we can see that in both graphs access line is always
above the no access one. More people accessed the topics than skipped them by a large
margin. The test treatment’s access lines seem also to be only in a steady decline towards
the course’s end. Inspecting the same values in the control course, we can see that the access
lines are more rapidly declining. Additionally, the access lines fall below the no access lines
towards the end of the course meaning that more people skipped the content than opened it.
Focusing on lesson accesses, we can see that the turning point is at the beginning of the topic
“Trusting services”. Recalling the course implementation explained in 4.3.2 Structure, this
was the first lesson in the last topic “Secure actions and protection”. At the end of the course,
the access line does increase past the no access line. The same kind of trend can be seen in
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the quiz accesses as with lessons. The access line is rapidly decreasing and in the end, the
no access line surpasses the access line.

Number of participants

Participant quiz accesses
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Control - Access

Control - No access

Test - Access

Test - No access

Figure 25. Participant quiz accesses.
The difference of the content access counts was further analyzed with the Mann-Whitney U
test by using PSPP analysis software. The lesson and quiz access data were merged into one
dataset and labeled according to the treatment. Access counts were divided by the number
of participants who completed the first course activity, pre-course survey. The descriptive
rank statistics can be seen in Table 11 and the results of the Mann-Whitney U test in Table
12 After merging the datasets total of 72 data points were included in the analysis.

Table 11. Content access Mann-Whitney U ranks.
N
Control Test
36.00 36.00

Mean Rank
Sum of Ranks
Total Control Test Control Test
72.00 28.39 44.61 1022.00 1606.00

Rank statistics show that there were big differences between the control and test treatments.
The test treatment had a much higher mean rank, positively skewed towards a higher number
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of content accesses. According to this sample, the difference between groups was significant
having a p-value of 0.001 (p < 0.05).

Table 12. Content access Mann-Whitney U test statistics.
Mann-Whitney U Wilcoxon W Z Asymp. Sig. (2-tailed)
356.00
1022.00
-3.31
.001

6.2.2 User engagement scale
O’Brien et al.’s engagement measuring instrument UES-SF was used to analyze the
engagement differences further (O’Brien et al., 2018). The instrument was deployed as a
part of the post-course questionnaire and had a randomized question order for the
participants. While the questionnaire had other questions for evaluating artifact’s overall
quality, were the UES-SF questions separated and administered first to decrease the
interference. The averages of the instrument’s results can be seen in Figure 26.

Focused
attention

Perceived
usability

Aesthetic
appeal

Reward
factor

Post-course questionnaire - Learner engagement (UES-SF)
I felt interested in this experience.
My experience was rewarding.
Completing the course was worthwhile.
The course appealed to my senses.
The course was aesthetically appealing.
The course design was attractive.
The course was taxing.
I found the course confusing.
I felt frustrated during the course.
I was absorbed in this experience.
The time I spent in the course just slipped away.
I lost myself in this experience.
1
Test

1,5

2

2,5

3

3,5

4

Control

Figure 26. UES-SF items and their averages between the treatments.
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4,5

5

After calculating the averages for each item, the average score of each dimension was
determined. Before calculating perceived usability, the averages were reversed.
Additionally, the overall engagement score was calculated as an average of all of the item
averages. The results of this procedure are presented in Figure 27 below. From the results,
it can be seen that the test treatment surpasses the control treatment almost in every
dimension and in overall engagement. The only dimension that the dimension averages are
equivalent is the aesthetic appeal. According to the instrument, it could be concluded that
with the used sample the test treatment had a higher engagement.

User Engagement Scale (UES-SF) scores
5
4,5

Score

4
3,5
3
2,5
2
1,5
1
Focused
attention

Perceived
usability

Aesthetic appeal Reward factor
Control

Overall

Test

Figure 27. UES-SF dimensions and their scores.

6.2.3 Engagement measurements
The treatment engagements were evaluated with three different measurements, content
accesses, number of dropouts, and UES-SF. While content accesses and UES-SF had their
sections, the number of dropouts was just derived from the calculations presented in section
6.1 Experiment procedure. By subtracting the number of participants who completed the
course from registered users, a number presenting the dropout volume was determined. It
should be noted that while the group of non-completers does not always represent the
number of people who quit the course as some non-completers might not have received the
75

required grade to pass the course. This was not the case with PISC as all of the people who
finished the course passed.

A synopsis of the measurement dimensions and metrics can be seen in Table 13 below. The
results show that with the used sample, the test treatment was more favorable regarding
participant engagement.
Table 13. Engagement measurement results.
Measurement

Metric

Control
treatment

Test
treatment

Number of
content accesses
Number of
dropouts

Mean rank

28.39

44.61

Number of registered
participants who did
not complete the
course
Overall average
(Likert-5)

9

6

~3.8

~4

User
Engagement
Scale

More
favorable
treatment
Test
treatment
Test
treatment

Test
treatment

6.3 Performance
In addition to engagement, the performance was the other measured independent variable.
Both treatment courses had the same quizzes, 18 to be exact, to measure participant
knowledge on studied topics. Each of the quizzes had 5 to 13 exercise questions and the
overall score from them was scaled to 10 points. The scaling meant that every quiz had the
same impact on overall points, no matter how many questions it had. All of the quiz points
were exported from the Moodle and averages were calculated for every quiz. For the
calculations, only completed quiz attempts were included and only the first attempt of a quiz
per participant.

Treatments had quite different average course points. To pass the course 50% of the overall
quiz score was required. In the control treatment, the overall score was 48.2% compared to
the test treatment’s score of 68.5%. While these numbers might not indicate the performance
differences as participants who did not complete any exercises would have a score of 0%,
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the difference is certain. By removing the participants who did not complete any quizzes,
overall scores change to 66.8% and 72.3% respectively.
Quiz score averages tell the same story. Test treatment’s scores are slightly higher than
control’s in almost every quiz but Nigerian letters, in which control treatment performed
better. A graph of average point distribution between the treatments can be seen in Figure
28 below.

Point averages
10
9
8

Points

7
6
5
4
3
2
1
0

Control

Test

Figure 28. Average points per specific quiz.
The differences between treatments were further analyzed with the Mann-Whitney U test.
In Table 14 are the descriptive statistics of ranks. According to rank statistics, test treatment
had a higher mean rank, which could be interpreted to indicate better quiz scores.

Table 14. Average quiz points Mann-Whitney U ranks.
Control
18.00

N
Test
18.00

Mean Rank
Sum of Ranks
Total Control Test Control Test
36.00 13.56 23.44 244.00 422.00
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The results of Mann-Whitney U analysis can be seen in Table 15 below. According to this
sample, the difference between groups was significant having a p-value of 0.005 (p < 0.05).
Table 15. Average quiz points Mann-Whitney U test statistics.
Mann-Whitney U Wilcoxon W Z Asymp. Sig. (2-tailed)
73.00
244.00
-2.82
.005

6.4 Validation
Post-course questionnaires and expert questionnaires were conducted to validate the artifact
and its design further. Both questionnaires had quantitative and qualitative questions. The
post-course questionnaire was made available for all of the course participants even the
experts. The expert questionnaire, on the other hand, was only sent to the predefined experts.
From four planned experts, only two participated in the questionnaires.

6.4.1 Post-course questionnaire
In the post-course questionnaire, participants were asked questions that aimed to evaluate
the course from different aspects and to give possible improvement suggestions. Both
treatments gave similar results, but from the overall view of quantitative Likert-5 questions
presented in Figure 29, it would seem that participants in the test treatment course had more
positive experiences.

Post-course questionnaire - Artifact validation
Evaluate the course from 1 to 5.
The course met my expectations.
The course structure was clear.
The amount of work required was
appropriate.
I would recommend the course.
1
Test

1,5

2

2,5

3

3,5

4

4,5

Control

Figure 29. Post-course questionnaire Likert-5 item averages.
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The positive experience also translates into the work hour estimations. Participants were
asked to estimate the time they spent on the course. The control treatment’s average time
estimate was ~7.5 hours when the test treatment’s was ~11.6 hours. Nevertheless, from the
quantitative evaluation, it can be said that both treatments produced highly positive results.
From an overall evaluation point of view, the course passed an evaluation grade of four in
both of the treatments and received a high recommendation score. Other results that stand
out are the clarity of the course structure and the perceived workload. The clarity of course
structure scored highly, while the workload seems to have scored worse than other metrics.
In the qualitative part of the questionnaire, participants were asked open-ended questions of
what they liked the most, what they liked the least, and what they would change. Answers
to these questions were compiled into a list of improvement areas and strengths of the course
and ordered depending on their frequency.
Course’s strengths:

Improvement areas:
1. Too many articles or they repeat
themselves

1. Videos were good
2. The course structure was great

2. More hands-on/applied exercises
3. Too many videos / too long videos

3. Gamification elements were
interesting

4. Moodle navigation is not intuitive

4. The material was well written

5. Small grammatical errors

5. Material coverage was great

6.4.2 Expert interview
Two experts participated in the experiment. Both holding expert knowledge in education and
information security. The experts were presented Likert scale items to get quantitative
feedback as well as open-ended questions to provide the reasoning for given values. A view
of Likert scale items and given answers can be seen in Figure 30 below.
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Expert questionnaire (Validity - Likert-5)
Course material’s presentation is functional.

Course structure supports learner’s time management.
Course’s content structure is functional.
The amount of the course exercises was reasonable.
Exercises tested topic knowledge.
The amount of the course material was reasonable.
Course material covers the most important topics in its
field.
1

Expert 2

2

3

4

5

Expert 1

Figure 30. Expert questionnaire Likert-5 item results.

Experts were asked about the functionality of the course material’s presentation, in which
experts agreed that some changes could be made to improve the presentation with the given
Likert scores. When experts were asked how they would change the presentation, couple
points were brought up:
Would you change how course material is presented? If so, how?
Expert 1: Videos can perk up the course and are ok within a reason. Video lengths
and the number of articles should be considered.
Expert 2: Transcripts should be accompanying the videos.

The same points Expert 1 expressed were present also in the post-course questionnaire.
Video lengths and the number of articles were a couple of the main identified pain points.
The experts were asked about the course structure. Neither of the experts gave any
improvement ideas and both of them ranked the functionality of the course structure as the
maximum on the scale. The result is in full agreement with the results from the post-course
questionnaire as the structure was deemed to be one of the strengths of the course design.
The experts were asked about the feasibility of the amount of course material. Receiving a
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high mean on the Likert scale, some additional information was provided by the open-ended
question regarding this choice.
If you thought the amount of course material was not reasonable, how would you
change it?
Expert 1: As for one credit 26-hour workload, the amount of course material is most
likely suitable. However, the length of the videos and the number of sources (articles)
should be considered.
Expert 2: Video material was partly too slow.
It is apparent that both of the experts found the length of the videos not as appealing,
indicating that the videos should be structured into smaller parts. The number of articles is
presented as a point of consideration yet again. The experts were also asked about the
amount, the topic coverage, and the types of exercises to get feedback on their suitability.
The experts agreed on the scale about the topic coverage, four on the Likert scale, but neither
of the experts provided improvement suggestions. When asked how they would change the
existing exercise types, the following comments were given.
Would you add or change any used exercise types? If so, what?
Expert 1: They are good as they are.
Expert 2: I would add more personal experiences. For example, finding a spam
message from email.
Expert 2’s comment fits well in the picture since one of the top improvement suggestions
was to increase the number of hands-on/applied exercises. The number of exercises was
deemed to be reasonable. The given scores were supported by Expert 1’s comment on the
open-ended question:
If you thought the number of course exercises was not reasonable, how would you
change it?
Expert 1: Proportionate to the planned number of credits it is appropriate.
However, I would not add them.
According to the feedback, the number of exercises could be assumed to be appropriate, but
some could be changed for more applied exercises. The experts were also asked if the course
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was suitable for the intended target population. The question scale was binary, and both of
the experts agreed on the suitability. Accompanying the binary answer, experts were asked
an explanation for the choice:
Why is or is not the course suitable for the target population? What would you
change?
Expert 1: Complementing the user security training course [already existing course
in LUT] included in the introductory studies as a compulsory course. There, the
various scams are not as comprehensively featured. Maybe in the future, it should be
seen that there is not too much overlap between the courses. Compulsory completion
of both courses can be cumbersome/frustrating.
Expert 2: For example, all newcomers to LUT should understand how to act so as
not to compromise the security of the organization.
Both of the experts agreed that the course is suitable for the target population. According to
Expert 2, the course is quite suitable because all new students in LUT should understand the
security principles presented in the course not to compromise the organization. Expert 1
stated that the course complements an already existing user security training course. While
providing more comprehensive material on various scams, the overlap between the courses
should be considered.
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DISCUSSION

The experiment was conducted to validate the derived design and implementation of the test
MOOC and to see if gamification improved learner retention (RQ3). From the results, it
seems apparent that gamification improved the course design from the two predetermined
viewpoints: learner engagement and performance. With the used sample, both of the null
hypotheses regarding the improvements can be rejected. From a learner engagement
standpoint, the gamified course performed better according to all taken measurements:
higher content accesses, fewer dropouts, and a higher score in UES-SF than the control
treatment. A significant difference was also found in participant performance. Participants
in the test treatment received higher average points in 17 out of 18 quizzes. The summary of
the hypotheses results can be seen in Table 16.

Table 16. Summary of the hypotheses results.
Hypothesis Description
H1

H2

Gamifying course
design affects
learner
engagement
positively.

Gamifying course
design affects
learner
performance
positively.

Measurement Test
methodology
Number of
Manncontent
Whitney U
accesses

Number of
dropouts
User
Engagement
Scale
Average quiz
points

Value
comparison
Scaled value
comparison
MannWhitney U

Outcome
A significant
difference between
the groups.
Supports the
hypothesis.
Supports the
hypothesis.
Supports the
hypothesis.
A significant
difference between
the groups.
Supports the
hypothesis.

While the results are appealing, the experiment’s validity should be considered. The results
were acquired with a convenience sample and might not be valid outside of the sample and
the used participant division. All of the participants volunteered to participate in the
experiment indicating high motivation for the topic. None of the participants reported
wanting the ECTS credit, however. While the course did not offer the participants but
knowledge and experience, it can be

assumed that a part of the participants had a high
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intrinsic motivation. From the descriptive statistics of the sample, it can be seen that the
division of the participants into the two treatments was balanced considering the measured
features, age, education, sex, and relatedness in IT. Some imbalances were shown in the
prior knowledge though. The participants in the control treatment reported having higher
prior knowledge and state of personal information security than the test treatment
participants. The prior knowledge difference can affect the experiment results. Participants
could have known the material on a level that the material does not bring anything new on
the table. This could mean motivational imbalances between the groups and affect the
engagement and quiz results. For example, if a participant deems to have enough knowledge
on a subject, might he/she skip the lesson material and go straight to completing the quiz.
The quizzes were tailored towards the given material, meaning that even if a participant
thinks they have enough knowledge, they can perform worse than a participant who is loyal
to the provided material. Additionally, a participant who does not need the information,
might not take the quiz questions as seriously as a participant who had just learned about the
subject. It should be also noted that the participants did not represent the target population
on the desired level, considering the prior knowledge in the topic of personal information
security. In addition to the convenience of the sample, it was also small. The participants
were divided randomly within the predetermined blocks, although randomness of division
does not mean that the sample cannot be biased. As the sample was small, high performing,
highly intrinsically motivated participants could have assigned to the same treatment course.
While there is a question of the experiment’s validity on a more general scale, found results
can be related to prior research. Multiple empirical studies have found that gamification in
educational context increased learner engagement (Alabbasi, 2017; Barata et al., 2013;
Denny, 2013; Hasan et al., 2019; Khalil et al., 2017; Li et al., 2012; Vaibhav and Gupta,
2014) and even performance in some cases (Ibáñez et al., 2014; Matsubara and Silva, 2017).
In the experiment’s open feedback, it was discovered that most of the participants had a
positive attitude towards the elements. The most interesting element was the completion
progress view scoring over 4 points on the Likert type of interest scale. The leaderboard was
ranked the least interesting one with a score of 3.6. While there are differences, probably
because of different implementation, with rankings of the elements when revisiting the
literature, the positivity towards gamification is apparent in both cases.
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The experiment’s produced high retention rates compared to the MOOCs found in the
literature. While literature’s MOOCs achieved approximately 10 to 15% of completion rate,
the control treatment achieved a rate of 53% and test treatment 70%. The rates are
comparable to the traditional online course’s completion rates, which have been reported
being as high as 78% (Poulin, 2013). The difference being that the experiment course was
designed to be an xMOOC with minimal instructor interaction. For the dropouts four reasons
were identified: not enough time, problems with the platform, not realizing the schedule, and
problems with internet accessibility. All of the reasons could be categorized with Park’s
dropout model (Park, 2007). The most prominent reason was lack of time, an external factor.
The lack of time as a dropout reason fits well with the literature. Also closely related to lack
of time, some reports of having the wrong perception of the course schedule or problems
with integrating it to already existing one, was found. While the reasons could be categorized
as lack of time, they could indicate time management skills of the participants, a learner skill
factor. Since both categories can be seen overlapping, it is hard to pinpoint one exact reason.
The feedback from the post-course and expert questionnaires set the path for the
improvement of the artifact. Through both sources, it was found that the course structure
was clear and topic coverage was suitable. In the next iteration of the course, the number of
articles should be brought down by removing the more overlapping ones. The material’s
availability should also be considered. As the next step of ensuring external study material
availability is to ask the right to download the material or to create similar content. Regarding
the used material, the long course videos should be under consideration. These videos should
be structured down into smaller chunks, for example, by using Hypertext Markup Language
5 Package (H5P) questions within the videos. The results from both questionnaires agreed
also that some of the exercises should be turned into more applied ones, without changing
the number of exercises.

The experiment conducted in this thesis provided very positive results, which are apparent
also in the literature. However, the used sample does not allow any definitive conclusions
on the produced hypotheses regarding gamification. Acquiring a more statistical sample and
with higher participant count more conclusive results can be received. As the next step in
the research, the test treatment course was put online as a MOOC with a longer duration than
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the experiment had. Over 80 learners signed up for the course and will provide more
statistical data about the design’s retention capabilities.
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CONCLUSIONS

In this thesis, the goal was to determine an engaging MOOC design by using existing
literature and increase its quality by implementing gamified design elements on the top of
found design choices and principles. The research followed the DSRM framework to create
a useful artifact with the trails leading to its design. With the academic literature review
procedure, two of the research questions were answered which considered the reasons behind
low retention rates in MOOCS and the possible design choices that could improve learner
engagement. The outcome of the literature review was a baseline for the course design.

The produced design was evaluated by experimentation. The design was used in the
implementation of a cybersecurity course, that was created during the thesis, and deployed
into the LUT Moodle platform. Overall course design and gamification implementation were
evaluated through one factor two treatments experiment standard. A convenience sample of
volunteers was selected and divided into two main groups for the two variations of the
cybersecurity course. One group was assigned to complete a gamified course, test treatment,
and the other attended in a course without gamification elements, control treatment.
Experimentation lasted for two weeks after which the Moodle activity and quiz point data,
as well as questionnaire results, were collected. The results were further analyzed in the
context of the research questions, artifact validation, and the gamification hypotheses
regarding the effects of gamification from engagement and performance aspects.

Further analysis of the results with Mann-Whitney U tests resulted in the rejection of both
null hypotheses (with p-values of 0.001 and 0.005). With the used sample the results showed
that gamification improved the participant engagement and performance. While the results
were appealing, it was determined that the nature of the used sample and its size were factors
that might have negatively influenced the trustworthiness of the experiment. Meaning that
no definitive results could be acquired from the hypotheses testing. Further artifact validation
with quantitative and qualitative data showed proof that the overall MOOC design was
successful, especially in its structure and topic coverage. In future research, a better sample
should be acquired to get more statistically valid results. Additionally, it was found out that
the artifact course’s study materials should be reduced and structured into smaller chunks.
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