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Abstract

Online learning environments have the advantage over traditional education that
they can be enriched in multiple ways to enhance learning motivation and speed up
learning. One of the methods to do this is by including typical game elements in
the environment. This is what is referred to as gamification. This thesis takes an
e-learning environment that is focussed on personalised learning, and structurally
analyses it to identify its weak and strong spots. This allowed us to determine
how we can gamify it, and figure which elements seem the most promising. We
found cooperation elements to be a suitable candidate, and implemented them in
the application as a collaboration feature. Afterwards, we conducted a case study,
encompassing an observation and interview, to evaluate the elements’ effectiveness
from a Computer Supported Collaborative Learning (CSCL) point of view. The
results showed that the students collaborated as expected and successfully used
the feature. We did not find prove of our feature’s contribution to their motivation
and learning. The students already collaborated often and indicated it is collab-
oration in itself that really motivates them and supports their learning, rather
than a collaboration feature. We conclude our research with suggestions for future
research.



Gaming the system Matthijs Hendriks

Acknowledgements

While written by me, it was certainly not me who made this thesis possible in the
first place. There are many people who have helped me in various ways writing
this thesis, and it are they who opened the door to completion. Without them, I
highly doubt I would have been able to complete this work, and even if I did the
quality would not in any way be near its current level. Therefore I would like to
thank everyone who supported me.

First of all, I thank Lopexs for allowing me to use their product for my research,
and all of its employees for supporting me during the process. In particular, my
thanks go out to the following people, without whom I would not have been able
to complete my thesis:

e Jurriaan Souer, for being my supervisor and his valuable input and feedback;
e Jaap de Rijk, for offering me the possibility to graduate at his company;
e Roelie Kruis, who brought me into contact with a school for my case study;
e Tran Phuoc, for providing technical support, even during his spare time;

e Els Jansen & Lalibel Mohaupt, for helping me create survey questions un-
derstandable for young students.

Also, T would like to express my gratitude to Holly Struikman-Fogarty of the
Hondsrug College, Emmen. She made this thesis’ case study possible by allowing
me to observe and interview some of her students. Of course, these students have
my thanks as well.

Furthermore, I feel very much obliged to my supervisor, Erik Barendsen. He
provided me with very helpful feedback over and over again, and was a source of
many useful ideas. Also, when I needed help, he was quick to give it, and when
things started to go awry, he came up with solutions. My thanks to Sjaak Smetsers
as well, who took the time to read and assess this thesis.

Last, but certainly not least, I am very grateful to my family, friends, and col-
leagues, who gave me feedback when I asked for it, and supported and advised me
when (they thought) I needed it. Especially Mathijs Vos has my heartfelt thanks
for being very supportive, complementing me when things went right, and dragging
me through when things did not. This has helped me enormously.

Thank you all.

ii



Gaming the system

Matthijs Hendriks

Contents

1 Introduction

1.1  Motivation . .. ... .......
1.2 Research Strategy . ... ... ..
1.3 Thesis Structure . . .. ... ...
1.4 Context . ..............
1.4.1 Functional Design . . . . .
1.4.2 Interface. ... .. .. ...
1.4.3 Technical Architecture . . .

2 Theoretical Background

2.1 Personalised Learning . . ... ..
2.2  Gamification . . ... ... .. ..
2.2.1 Meaning . . . .. ... ...
2.2.2 Competence . . . . .. ...
2.2.3 Autonomy . .. ... ....
2.3 Gamification Context . ... ...
2.4 Gamification Elements . . . . . . .
2.5 Designing Gamification . . . . ..

2.5.1 Implementing Gamification

3 Gamification Design

3.1 Selecting elements . . . ... ...
3.2 Cooperation vs. Collaboration . .
3.3 Feature Requirements . . . .. ..
3.4 Feature Implementation . . . . ..

4 Evaluation

4.1 Measuring Collaboration . . . . . .
4.2 Evaluation Method . . . . ... ..
4.2.1 Observation . . . . .. ...
4.2.2 Interview . . ... ... ..
423 Analysis .. ... ......
4.3 Evaluation Results . . . ... ...
4.3.1 Observation . . . ... ...
4.3.2 Interview . . ... ... ..
4.3.3 Analysis . .. ... ... ..
5 Conclusion
51 Discussion . . . . .. ... ... ..
5.2 Future Work . .. ... ......
References

iii



Gaming the system

Matthijs Hendriks

Appendices

A

B

Q =2 & O Q

Systematic Observation Frequency Table
Participant Observation Occurence Tables
Original Survey Questions

Original Interview Questions

Systematic Observation Frequency Table Results
Participant Observation Occurence Tables Results

Collaboration Excerpts

G.1 Switching iPad tasks . . . . . . . ... .. Lo oo
G.2 Taking control . . . . . . . ...
G.3 Opening First Assignment . . . . . . . . ... ... ... ... ... ..

Interview Transcription

iv

73

73

74

75

76

77

78

79
79
79
80

81



Gaming the system Matthijs Hendriks

Preface

Writing this thesis has been a very educational experience. Not only did it involve a
lot of research in areas I was not (very) experienced in, also was the type of research
I performed entirely new to me. Never before had I prepared and conducted a case
study, let alone one that was part of a research as large as this. Of course, when looking
at the actual numbers it isn’t that big a research, but considering my largest one up to
this point was my Bachelor’s thesis, it is. However, exactly this is what I think made
writing this thesis so instructive. Save for all knowledge I gained, it taught me to gather
large amounts of information from an even larger number of sources, and process this
to a form and structure fitting my specific needs. I learned how to distil questions from
a problem statement, or even from a vague idea, and how to answer them. Also, I now
know much better what a case study encompasses. How to devise one, how to carry
out one, and how to evaluate one, all in a reproducible and scientifically accurate and
responsible way. This all made for a very valuable experience.

However, it was not all fun and games. As the acknowledgements already may have
made clear, I really needed feedback and support at the times I got stuck. Sometimes
I even needed others to drag me through, to tell me I could do it, or put me back
on track. Yet, no matter how hard this was sometimes, I had a larger setback. In
order to complete this thesis, I cooperated with Lopexs, a company that provided me
with the expertise, experience, and contacts I have not. At least as important was
their product, a personalised online learning environment on which they allowed me to
work. To implement gamification in and ultimately use it to conduct my planned pilot.
Unfortunately, my plans were not to be. As they say, to all good things come an end,
but I had neither hoped for, nor counted on one that came as soon as Lopexs’.

This of course forced me to significantly change my plans. I had already written
the larger part of my thesis and was working on — nearly finishing even — my pilot
plans and preparations, when it became clear a pilot would no longer be possible at
all. Suddenly, I had to rethink the evaluation stage of my research in such a way that
it would still match my research objectives, preferably without having to discard much
of my work. As you may have guessed by now, I managed, although this would not
have been possible without both Erik Barendsen and Jurriaan Souer, for which I would
like to thank them yet again. Ultimately everything turned out alright, and now I look
back on it as yet another valuable, albeit somewhat bitter, experience.

In the end, regardless of the setbacks, I believe this thesis is a work to be proud of.
And T am.
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1 Introduction

E-learning can enrich traditional education methods by providing an online learning
environment, and for the last decade it has become increasingly popular (R. C. Clark
& Mayer, 2011). Take the so-called iPad schools that have been founded, schools that
are actually focussed on e-learning (Henderson & Yeow, 2012). And also in China,
where the occasionally large distance to schools is an issue, the interest in this area is
growing (Ding, Niu & Han, 2010).

One of the major advantages of e-learning is that everything is done digitally. This
offers the possibility of personalisation. Not everyone has the same optimal learning
path, a student learns best if the study material meets their needs and matches their
preferred mode of learning (Conlan & Wade, 2004). Personalised learning systems can
provide this optimal path by tailoring a student’s curriculum to their individual need
(Conlan, O’Keeffe, Brady & Wade, 2007). This may significantly boost the student’s
learning experience, and improve their results (Conlan & Wade, 2004).

An other advantage of e-learning is that it provides the opportunity to make school
more fun. Currently, the average student does probably not see school learning activit-
ies as enjoyable (Lee & Hammer, 2011). However, learning is inherently fun, it is even
one of the most important elements in games (Koster, 2013). During the first years
of this century, this inspired game designer Nick Pelling to extract fun elements from
games and implement them in other applications, transforming “electronic devices into
entertainment platforms” (Smith, 2012; Pelling, 2002; Marczewski, 2013). This is what
he calls gamification.

In the years that follow little happened in the area. Gamification did not reach a
larger audience until the fall of 2010, when it attracted the attention of both academia
and industry (Groh, 2012). It has been argued that the great success of Foursquare and
Nike+ exists only thanks to gamification (Deterding, Dixon, Khaled & Nacke, 2011).
As another example there is DevHub. This company, launched in 2009, provides online
tooling to build websites. After the launch, the number of users that completed a
website was around 10%, and this didn’t significantly change until DevHub decided to
implement gamification. After that, almost 80% of DevHub’s users completed their
websites (Takahashi, 2010). There are many more companies that achieved a much
higher user engagement by applying gamification, increasing the concept’s popularity
over time. This also made it a more interesting research topic, as is reflected by the
number of papers and articles that appeared in journals and conferences. Articles on
gamification in general appeared before 2010, but the number of them significantly
increased as the term became more widespread, especially on the area of education
and gamification. The first papers on gamification in e-learning environments were
published in 2011, but one year after that the original number had already more than
tripled, and this increasing trend continued in 2013 (de Sousa Borges, Durelli, Reis &
Isotani, 2014).

Although there are many studies on gamification in education, very few have ad-
dressed gamification of personalised education, even though both gamification and
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personalised learning are areas that are researched a lot (Chen, Lee & Chen, 2005).
We would like to contribute to a solution for this ‘issue’ via this research. To do so,
we have formulated two questions. The first question aims to select a suitable set of
gamification elements for our personalised learning environment, by which we mean a
set that is both fitting for such an environment, and that is likely to be effective. The
second question is meant to assess these elements.

1. Which gamification elements are most suitable in a personalised learning envir-
onment?

2. How do these elements influence learners’ motivation and learning?

1.1 Motivation

We believe that the answer to these questions will be a useful contribution to this field
of research. Personalised learning is a very actively researched area, and many research-
ers focus on developing effective personalized learning mechanisms (Chen, 2008). The
same holds for gamification which is a rather young and promising topic. The lack of
research that combines these two subjects is confirmed via the extensive mapping study
of de Sousa Borges et al. (2014); of the there mentioned gamification studies aiming
to improve learning in online education, none do this in combination with personal-
ised learning. This is curious, since gamification nicely matches personalisation; many
aspects of both categories overlap with each other. Personalisation contains typical
game elements (e.g. matching the challenges to the player’s skill), and similarly do
games contain many personalisation elements (e.g. a character that can be custom-
ized, or enemies that base their attack on the player’s situation). This, one could argue,
makes it obvious that gamification should include these elements as well. Furthermore,
de Sousa Borges et al. concludes that particularly research that closely involves the
end-users (being teachers in their case) is needed.

With a view to societal interest and the overall opinion that gamification is likely
here to stay, more extensive research on gamification of personalised learning is key.
Moreover, since gamification comes with risks, implementation projects have to be
research-based and theory-driven (Lee & Hammer, 2011). Such a research, performed
with close collaboration of teachers, may also confirm or reveal both advantages and
disadvantages. This is of value as well, as Groh (2012) considers research to the pros
and cons of gamification of importance. Additionally are we particularly interested in
how game elements in education affect motivation, whereas most studies referred to in
mapping studies seem to focus merely on the results of gamification.

Based on said mapping study and our own investigations, we found that almost all
research on gamification of education does only apply the most concrete game elements,
for example achievements and leaderboards. This is notable, as we will later see that
there seems to be scientific consensus that these concrete aspects are the least funda-
mental elements of games. Instead more abstract elements are the ones that can really
intrinsically motivate users and (thereby) are what makes a game fun (Nicholson, 2012;
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Deterding, 2012; Groh, 2012). Dominguez et al. (2013) confirmed that only applying
these concrete elements do not have a significant impact on students’ results. Empirical
research that focusses on a wider range of game elements is “a pressing need”, Seaborn
and Fels (2015) argue. They additionally suggest to conduct research to determine the
usefulness of particular game elements, in order to identify the most and least promising
ones.

Finally, video games usually contain six features that are believed to facilitate good
learning: empathy for a complex system, simulations of experience, player - computer
distributed intelligence, cross-functional teamwork, learning within a context, and free-
dom for players to choose their own path (Gee, 2006). Gee thinks its worth exploring
if and how one or more of these features can be used effectively for serious purposes
such as education.

1.2 Research Strategy

We have conducted our research using the Design and Creation Research methodology
(cf. System Development Research as described by Nunamaker Jr and Chen (1990)).
This is the normally expected mode of research in areas such as computing science
and software engineering (Oates, 2005). Additionally, since our focus is on developing
instantiations, this type of research leaves us with a tangible product, which meets the
expectations of our client. Our research is qualitatively oriented, i.e. we will perform
in-depth analysis, rather than collect a lot of metrics. These type of studies allow re-
searchers to explore young and dynamic topics. Gamification meets these requirements,
as it is relatively new, especially in combination with personalised learning. Further-
more, given the fact that time is limited for a Master’s thesis, qualitative studies are
very suitable (Darke, Shanks & Broadbent, 1998).

At its most rudimentary level, the strategy we followed consists of two major steps:
design and evaluation, one for both research questions in our case. For each step we
have followed a fitting ‘sub-methodology’, in view of the methodologies described by
Nunamaker Jr and Chen and Oates. We expand on the steps below.

Gamification Design. The aim of this step is to answer the first research question,
meaning we have to decide which gamfication elements are the most suitable in the
targeted personalised learning environment. To ensure we used a scientifically sound
method, we followed the five-step process defined by (Huang & Soman, 2013), on which
we elaborate in section 2.5. As both this framework mandates it and as it is key for
our type of research, we first conducted a literature study to build a sound theoretical
framework (section 2) (Nunamaker Jr & Chen, 1990; Darke et al., 1998; Vaishnavi &
Kuechler, 2004). Furthermore, since we have implemented gamification in an existing
application, we also needed to get a thorough understanding of this system’s inner and
outer workings, of both its functional and technical aspects. We do this in section 1.4.
Finally, we could design and implement the gamification elements we thought most
suitable in our case. We did this as part of an agile development process. This is what
our client used internally and since it therefore coincided with their way of working, it
allowed them to support us with the gamification implementation process. Furthermore
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is the agile methodology cyclically oriented, and is gamification ideally implemented
in a number of cycles. This makes for the implementation process to nicely fit in the
implementation methodology.

Elements Evaluation. After having implemented the gamification elements, we
continued with the evaluation step (section 4), meant to answer the other question.
During this part we ran our pilot and collected the data necessary for our research. We
follow multiple methods to do so, and will explain each later, but at their root lies the
case study approach. We chose to perform a case study because they are ideal to answer
“how” and “why” questions, and the question corresponding to this part falls into both
categories (Baxter & Jack, 2008; Yin, 2013). We seek a way to improve learning and
ask how specific elements of gamification can help us with that, and additionally why
they do or do not help. This makes a case study a fitting approach. Finally, as we have
said, we are interested in the qualitative aspects of the gamification elements, their
internal working. Case studies are very suitable for this as well (Darke et al., 1998;
Baxter & Jack, 2008; Yin, 2013). We evaluated the data collected during our case
study mainly from an education point of view, as we will see this fits our gamification
elements better.

Data collected in a case study is subject to the researcher’s characteristics and
background (Darke et al., 1998). Therefore, we have triangulated our data, i.e. we
collected data from multiple sources. This counteracts these biases (Nunamaker Jr
& Chen, 1990; Darke et al., 1998; Yin, 2013). To guarantee that our research will
be traceable and reproducible, we have collected all data using predefined and sound
methods, and stored and analysed it in a structured and transparent way, in accordance
with Yin’s (2013) advice. To prevent loss of data, we have used a version management
system.

1.3 Thesis Structure

In order to answer our questions, we will start off with an overview of the context
in which we will perform our study. Then, in section 2, we will provide a theoretical
background. We start this section with some information on motivation and learning in
e-learning systems in general, followed by a quick introduction to personalised learning
in section 2.1. After this, we dive into gamification (section 2.2). For this subject we
discuss motivational (and demotivational) factors, and how these translate to concrete
elements. We conclude this more theoretical part by describing how suitable game
design elements may be chosen, and how these can be applied and implemented in
practice. Having covered this we move on to section 3, towards actually designing and
implementing suitable gamification for our target platform. Afterwards we zoom in
on collaboration, the topic of the elements we picked. We continue our research in
section 4, by assessing these elements via a case study. In the section that follows we
process and analyse the data we collected there. The final section (section 5) is on our
conclusions and in addition discusses our research and offers some starting points for
possible future work.



Gaming the system Matthijs Hendriks

1.4 Context

We will perform our research at a company situated in Apeldoorn, The Netherlands:
Lopexs. This is a company specialized in digitalized personalised learning. They provide
an online platform called PulseOn'. This platform adapts to the individual student’s
learning style, giving each person the assignments they fit best. Their application is
visually oriented, both for students and teachers. To get a better idea of how PulseOn
is set up, both functional, visual, and technical wise, we will have a detailed look at
each of these areas.

1.4.1 Functional Design

PulseOn is designed to be as personal as possible for each student. This means all
learners can to some extent choose what they do, how many times they do it, and
when they do it. More skilled students may choose to skip exercises and directly jump
to the final tests, while others may require more learning material. Similarly does
PulseOn offer students the possibility to follow courses above their level, if they desire
so. For example, if someone is of average intelligence for most courses, but excels in
English, they can follow that course on the highest level. Finally, the system accounts
for a user’s learning style; students preferring video tutorials over textual ones for
instance will (if available) be offered more video material. This all offers students a lot
of freedom, even though there is a thread linking all content.

The content in PulseOn is structured on multiple levels. At the core level we have
learning objectives as the targets a student eventually has to achieve. Together these
objectives form the curriculum. These objectives are mutually structured, each one
may have one or more prerequisites (in the form of other objectives) which should
be met prior to starting it. After structuring all objectives, we have what is called a
learning route. Each curriculum contains one or more learning routes, and all individual
students are assigned one of these routes. This allows for tailoring the curriculum to an
individual’s case. Some people may for example prefer to learn about different topics
in parallel, while this may confuse others who prefer one topic at a time.

At a more abstract level we have all courses that are available to the student, for
example English and Mathematics. Each course consists of multiple modules, which are
coherent wholes, grouped by for example theme. Modules may contain submodules, and
those modules may again contain their own subsubmodules, and so on. Each module
contains one or more learning units. These units can simply be seen as special kind of
sub-modules which together define the containing module. Each of the units resolves
around some set of learning objectives and contains learning material, i.e. learning
activities. Finally, the activities of each unit are split to a maximum of three parts
(this is configurable, but in practice no more than three parts are used). The first
one provides theoretical information on the subject, the second contains assignments
to help students practice, and the last part tests the student. Both assignments and
tests are referred to as learning objects. Assignments can be both summative, rated

"http://www.pulseon.nl/en/
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Figure 1.1: High level overview of PulseOn (image from Lopexs, author translated).

by PulseOn, and formative, first self-assessed by the students and afterwards by their
teacher. When a student has completed enough assignments to reach the minimum
total score, they will be recommended relevant final tests.

Figure 1.1 shows a high level overview of learning objectives, objects, units, and
modules. We see two trees, of which the left one represents a simplified learning
objective structure for English. The ultimate goal here is to master the language
to some extent, and we say this is the case if the user has achieved two sub-goals,
vocabulary and grammer. Each of these goals in their turn consist of two subgoals as
well. In order to master English vocabulary, one has to learn nouns and verbs first.
However, there is a learning route that mandates we have to know nouns and present
tense (both step 1) prior to attempting verbs, and the same holds for future tense.
So the learning routes create extra structure throughout the tree. In the other tree
we have the module structure. At the top there is the English course (a course is a
type of module), which has two submodules, each having three learning units. Each of
these units is assigned a number of learning objects from the left tree, divided in three
phases. Each of the objects again belongs to one or more objectives.

Assignments are assigned a maximum (content author configurable) score ranging
from 1 to 100, and learners’ score is calculated using their correct percentage of the
assignment and the assignments maximum score. Their total score for the assignments
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(called the preliminary mastery) is calculated by simply summing their score of all
assignments in the module. Say an assignment has a maximum score of 50, and the
student scores 50%, he has now a total score of 25. If he then aces a second assignment
worth 30 points, he will have a total of 25 + 30 = 55 points. The total score may
exceed 100. As soon as a total score of 60 is reached, the tests are ‘unlocked’. Tests
have a score too, but this is always 100. Additionally, the calculation for total tests
score (called mastery) differs as well. It is computed by averaging the score for all tests,
and therefore the total score is always below 100. After reaching an average total tests
score of 60 the learning unit is completed. Students that do not manage to reach the
required amount of points after completing all assignments will need to retry one or
more of them. It is up to their teacher to determine which assignment.

An example. Say that we have a learning unit with four assignments, weighed
respectively 20, 30, 30, and 40, and two tests. Should a student score 50% on the first
three assignments and not attempt the last yet, their score is 20-0.54+30-0.54+30-0.5 =
40. This is not yet above the required score of 60, so the student has to give the fourth
assignment a try. Now our student scores 50% for this assignment (earning them 20
points) causing their total points to become 60. Now the tests are ‘unlocked’. Were this
student to achieve 50% on test 1 and 60% on test 2, their final score = (50+60)/2 = 55.
This is below 60, so now the teacher has to review (one of) the tests and offer the
student a retake. In case they allow a retry for the second test and the student now
scores 80% for this test, the old score of 60% is overwritten and the new total score is
(50 4+ 80)/2 = 65. Being a high enough score, the learning unit is now completed and
the student is registered to have sufficiently mastered associated learning goals.

Note that we quoted ‘unlocked’. All assignments and tests are accessible at any
point in time. That is, students may attempt a test prior to having scored enough
points on corresponding assignments. Similarly may students attempt assignments
that focus on learning objectives that have prerequisites that are not yet met. This is
where the PulseOn coach comes in. The coach is an important part of the platform
that recommends students learning units based on their progress and skill level. It
operates on course-level and is therefore cross-module, i.e. its recommendations are
only visible on the course page and units from multiple modules may be recommen-
ded. The coach’s recommendations take the learning objectives and total score of the
learners into account. If a learning unit handles an objective that has an unmet pre-
requisite, this learning unit will never be recommended. Likewise will unit tests never
be recommended if the minimal total score of 60 has not yet been reached. In addi-
tion to automatic recommendation, teachers may choose to boost a specific objective,
assignment, or unit. PulseOn’s coach will then prioritise units related to the boosts.

Score progress is measured on three levels: learning unit, learning object, and
learning objective. Object progress is represented by a maximum of five bulbs, using the
points students can achieve. The first four bulbs each account for 25 points (starting at
1), and the last is anything above one hundred points. This means that if an assignment
has three bulbs, a maximum of 51-75 can be achieved. With four bulbs, the maximum
ranges from 76 to 100, and five bulbs mean the maximum is greater than this range.
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Initially the bulbs are empty, just telling the user how many points can be gained.
The bulbs are filled in accordance to the learner’s score on respective assignment or
test. Learning units are measured using the same bulbs, but this time averaged over all
assignments and tests of the unit. Learning objective ‘progress’ on the other hand is
measured by averaging the score of all submitted tests that are related to the objective.
If an objective is associated with three tests and a student completes one test with a
score of 90, the progress for the objective is 90/1 = 90. Were they to submit a second
test with a score of 50, the progress will be calculated to be (90 4 50)/2 = 70. Once
again, an average score of 60 or higher marks the objective as completed. The objective
progress is measured using disc-like figures. The inner part of a disc contains the score
and is coloured either red, yellow, or green, depending on the score. Furthermore, the
size of the discs represent the spent time. We will get back to this in the following
section.

Next to score progress, PulseOn also provides insight into what students are cur-
rently working on and (for modules) estimates the remaining time. For all items hold
that after opening they are presented with a blue transparent overlay. Learning objects
also show an icon to indicate the progress. In case the learner has not yet completed
the item a big pause icon is shown. If the learner has completed the object but the
results are yet to be determined by the teacher (i.e. for a test), a clock icon is shown.
A perfectly completed object has as icon a green diamond. All other scores result in
a coloured checkmark icon accompanied by a small progress bar that loosely indicates
the score of the assignment. These icons are an addition to the bulbs which effectively
display the same information. Modules and learning units display slightly different
icons: a (different) diamond for a perfect score, a star for an above average score, a
loudspeaker for a beneath average, and a flashing light for a score that is far beneath
average. If a module is still in progress the icon 'pulses’. Finally, learning units display
all targeted learning objectives accompanied by green checkmarks to indicate mastery.

1.4.2 Interface

To get a better view of PulseOn’s structure, let us have a quick look at the relevant
parts of the application. Upon opening, we arrive at the home page (figure 1.2). On
top of this page we see our name. Clicking it takes us to our profile page where we
can adjust our profile picture and some personal details. Just below there is a carousel
with some suggestions to start working immediately, and again a little lower we can
access our message centre by pressing the white arrow. Finally, at the bottom we see
the courses we are enrolled in: in our case English and Dutch, year 1.

After selecting the English course the corresponding course page loads, see figure
1.3 (for practical reasons we have split our screen capture in the middle and placed the
bottom part at the right). The page is divided in four parts: Verder gaan (Proceed),
Coach, Modules, and Voortgang (Progress). The first section is similar to the carousel at
the home page; it suggests a thing to do, based on the student’s progress. Additionally,
it shows some information on the recommended unit, the currently spend time, and
estimated remaining time. Below this ‘main suggestion’ the coach displays a number of
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other suggestions based on the learner and the boosts of the teacher. In our case we see
three units of which we have not touched the first two, but did moderately successful
try the third. At the very bottom we see our learning objective progress as coloured
discs; we got a score of 83 on the Speaking objective and spent very little time on it,
but did not do so well at the Reading related learning objects, even though we gave it
a lot of time. Finally, there is an overview of all modules within current course. The
two rightmost modules are greyed out, i.e. they are not yet recommended for us and
neither have we given them a try yet. We already started with The Paper Round and
made a little progress.

The paper round module, as shown in figure 1.4, contains two introductory items
and two submodules that each consist of three learning units. The blue layers indicate
that we have viewed layered item, while the grayed out modules are those that are not
recommended. Out of the three submodules of First Thing, we have completed the first
two (one below average and one excellent), and are still working on the third, hence
the pulse (the ‘extra border’) around its icon. Even though we still have to complete
the third module, our score is already above average, giving us a rising star.

Let us zoom in on the Grammar unit. Using figure 1.5, we distinguish two intro-
ductory items below Introductie (Introduction), four assignments under Aan de slag
(Get to work), and finally Laat zien wat je kunt (Show us what you got) displays three
tests. Additionally, Wat je gaat leren (What you're going to learn) to the left shows
two learning objectives — we already mastered the bottom one. The the top right of the
left page there are three filled bulbs and two empty bulbs, meaning there are over 100
points to achieve, and we have 51 - 75 of them. These bulbs also appear on each of the
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Figure 1.2: The home screen of PulseOn, showing all courses for logged in student.
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Figure 1.3: The course screen of PulseOn, showing the coach’s recommendations, the
modules, and the learning objective progress.
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Figure 1.5: The submodule screen of PulseOn, showing learning matieral and (if ap-
plicable) introduction items.

learning objects on the right page. As indicated earlier, the icons and coloured layers
represent different scores and progressions. For each non-completed unit an indication
is given as to the required time to completion.

Clicking one of the units gives us the assignment or assessment page of the clicked
unit, but as this is rather self explanatory we did not incorporate a screenshot of this.

1.4.3 Technical Architecture

Behind all this lies a complex technical architecture. At the highest level PulseOn
consists of three separate components.

1. The school installation. This includes the student and teacher interface, and
various server-side services.

2. The DAMS (Digital Asset Management System). Using this part content authors
can create and manage all content and its structure in PulseOn. This is also where
all content metadata is stored. The content itself is hosted externally.
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3. QTI (Question and Test Interopability). Assignments and tests are presented,
made, and reviewed using this component. It enables PulseOn to analyse a
student’s skills and calculate progress towards the learning goals.

Since our research will primarily impact the so-called school installation, we will
take a closer look at this area and leave the other two components as they are. An
installation is divided in two parts, the client-side and the server-side. The client-side
is written in Javascript, Typescript and HTMLS5, the server-side is built using the Java
programming language, and the application relies on a Mongo database. Communic-
ation between client and server is RESTful, although websockets (using the STOMP
protocol) are utilised as well. Figure 1.6 displays a high level overview of the architec-
ture of the main component.

The client-side of PulseOn consists of the teacher interface and the student interface,
only the latter is relevant to us. The code has an object oriented set-up, with each
‘page’ being an (Angular) structure consisting of three parts, in accordance with the
MVC pattern. There is a model that describes the contents of the page, a controller
that can operate on and interact with the model, and a view that renders the model.
For some pages there is an additional service which is responsible for the communication
with the server, e.g. to send events or receive notifications. Furthermore, all pages may
contain directives (basically a sub-page), which is a reusable page part. An example of
such a part is the block describing the learning objects.

The server accommodates five major services. These are the profile, profiling, pro-
gress, recommendation, and notification service. The profile service provides access to
the student’s profiles, groups of users, and related information. The profiling service is
responsible for storing an retrieving events for users