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A B S T R A C T

The thesis revolves around designing and developing an educational platform to help
both educators and students with the learning process. The purpose of the thesis is to
increase educator’s interest towards using more technology in the classroom and make
learning more engaging for students. Specifically, the system aims to motivate the us-
age of games in the classroom as either a learning activity or an evaluation tool. The
thesis will look at four methods for achieving this: through co-creation, gamification,
multimodality, and the STEAM framework. An architecture of the overall educational
platform will be presented together with a conceptual map of the system’s design. The
system is narrowed down to a proof of concept, which will be implemented and evalu-
ated by qualified educators and by students. The results show that the overall architec-
ture was welcomed by both the educators and students. The educators also responded
that this approach would be successful with their younger students. Overall, the results
gathered corroborate with the theoretical aspects researched, therefore it is possible to
assume that the system is capable of impacting the educational scene and help educa-
tors decrease workload when working with daily quizzes.
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1 I N T R O D U C T I O N

Technology is increasingly changing the way people go through their daily lives. Before
technology impacted people's lives, students learned from memorizing information, di-
rect instruction from educators and through completing traditional testing. Technology
has, however, started to affect young learners and students both in the educational en-
vironment and in their daily lives through the constant use of technology. Currently,
technology has reached so far as to affect the educational scene in the classroom through
the usage of instructional tools as projected PowerPoint slides and Smartboards. How-
ever, one must ask themselves, how can we go further to use technology to improve
the educational environment? How can we make learning more engaging for the new
generation of students? And how can we help educators in this process?

An approach at improving the teaching methods is by putting focus on interaction
achieved through technology. Various educational applications use interaction and
gami�cation to engage students, some of these examples are Kahoot, Motion Math,
Duolingo, etc. However, can these applications be easily used in the educational envi-
ronment and is the educator able to understand and use these without training? The
motivation of this thesis is to provide useful and user friendly help to educators in the
process of adding technology and improve learning by engaging students through the
usage of games as learning activities in the classroom.

The motivation can be divided into �ve keywords which characterize the goal of the
thesis: gami�cation, co-creation, STEAM, multimodaland budget. Gami�cation is consid-
ered as an approach to engage students, co-creation representing the main approach at
achieving personalized learning, by involving educators in the game creating process.
The STEAM framework will be used as theoretical guidance for the system together
with the multimodal aspects which can be considered. Since multimodal interfaces can
be expensive to implement in educational environments such as classrooms, budget is
considered as a keyword. By considering the budget, it will be possible to the decide on
the technical tools to approach for schools, without schools and educational institutions
requiring economical sacri�ces to involve technology.

These keywords de�ne and guide the thesis so that the design and implementation
consider these aspects thoroughly, towards achieving the goal. The goal of the thesis
is to design a system for personalized learning which uses co-creation, gami�cation
and multimodal inputs and create an application where teachers can use personalized
learning to adapt the lectures and knowledge to students, through gami�cation. The
thesis is divided into two main points: designing this educational system and delimiting
this system to a proof of concept which is implemented as a tablet application.

This educational system not only offers students the possibility of developing a
heightened awareness of technology and be more open and understanding of the fast-
paced advancing technology, but also aims to engage the learners in proactive inter-
active learning activities in class or at home. In order to delimit the system to the
components requiring focus to be implemented and evaluated, the research gathered
in investigation was used. The current state of research showed that there are existing
learning applications which consider using gami�cation to improve learning, however,

1



2 introduction

the focus is mostly placed on making the learning process easier for students while edu-
cators being neglected. Therefore, when deciding on the aspects of the full educational
system that will be represented in the proof of concept, the functionalities relevant
to the educator were chosen. In the past, systems and games had been considered as
addition to the lecture environment, however research proved that drawbacks of this ap-
proach had always been the lack of time for training educators in technology. However,
since then, technology has spread and impacted people's lives in many ways leading
to educators being aware, if not knowledgeable, of technology, thus making it easier to
introduce technology to them nowadays. Therefore, the proof of concept approaches
functionalities which improve the assessment process for the evaluator, give opportuni-
ties to make educators more productive and offers a simple and user friendly interface.
This application is evaluated by quali�ed educators and students who will give feed-
back and information regarding the full system and the working functionalities of the
application.

Problem

� Teachers not
motivated to
use technology

� Lectures
unattractive
for current
generation of
learners

How can we
use technology
to improve the
educational en-
vironment and
make learning
more engaging for
students?

Solution

An educational
platform with:

� Easy UI
� Assessment

options
� Gami�cation

elements

Design

� Application
architecture

� Mobile design
theory

� Interface design

Proof of Concept

� Tablet applica-
tion

� Focused on
educators

� Improve learn-
ing experience
for students

How can we help
and motivate ed-
ucators to use
technology as a
learning method
during class?

Evaluation

� Educators use
the proof of
concept

� Expert feedback
� Usability experi-

ence feedback

Figure 1: Research approach for developing an educational tool for personalized learning using
gami�cation and co creation.

Figure 1 shows an overview of the �ve stages of the project. The Investigation will
go in depth with the problem at hand and validate the problem, next a solution will
be de�ned in a set of design requirements. This will lead towards the Design chapter,
where an architecture will be created for the application. The proof of concept will
be presented and implemented further on in the Implementation chapter where the
application and the game was developed. Lastly, the Evaluation chapter, where the
proof of concept was evaluated, will be presented and discussed.



2 I N V E S T I G AT I O N

2.1 introduction

This chapter will give a short overview of the main keywords that will be considered
within this project, such as; the budget, co-creation aspects, gami�cation the STEAM
framework and multimodality. These keywords will be the guiding aspects of the
project.

The topics required to be investigated will be shortly presented, the �rst topic being
the State of the Artsection which presents various systems that put focus on the key-
words introduced. This is of interest to the research within this project as knowledge
regarding the advantages and disadvantages of created gami�ed educational systems
is crucial to the design and implementation of the system. The next sections will give
an in depth description on the keywords presented at the start of this chapter, the re-
search will be connected to topics such as Educationand Technology. Relevant theories
regarding Education, such as Games in Education, Personalized Learningand Motivation
are investigated. The �rst topic is considered in order to get an insight on the current
research on educational system's regards towards games and technology as a learning
approach. As Personalized Learning is another approach that can be adapted when
working with education, the term will be investigated and presented in this chapter.
Furthermore, Motivation is investigated in order to understand and learn about what
thrives people which will be of use when designing and creating a system to motivate
students and educators to use technology in the educational environment. As technol-
ogy can be widely represented in education, Mobile Technology, Multimodal Systemsand
Open architectureare investigated. This is made possible in order to learn whether mo-
bile technology in learning is an approach to be considered towards creating the system
and to learn how multimodal systems can be used in this situation. Open architecture
was chosen as a research topic since the idea of supporting and expanding systems
according to user's personal needs is a topic to be considered for this educational plat-
form. The chapter will end with a short survey conducted to gather contemporary
information on school's budget situations and usage of gami�cation in lectures.

2.2 keywords

The goal is to create an inexpensive platform for teachers and schools to use during
lectures, in order to motivate schools to use various technology for educating students,
therefore this section will present the keywords that will be used as guiding points for
the system within this project.

2.2.1 Co-Creation

An aspect of the goal within this research is to help teachers better engage and motivate
the students to learn and we believe that a good approach to this is by using co-creation.

3



4 investigation

Within a marketing aspect, co-creation is a form of creative collaboration which allows
customers to be part of the designing and idea gathering process of the product. With
the help of this type of information, the designers can create products which are valued
higher by the consumers. Co-creation can be represented by involving customers in
generating ideas to improve products, co-design of products, providing internet com-
munities and by using user-generated content [LSE Enterprise, 2009]. By applying co-
creation in an educational aspect, students should be involved in the presentation and
investigation of the learning topic provided by the teacher. However, co-creation can
also be achieved by involving the educators in the development of the system so that it
achieves the desired functionalities and bring more support to the usage of technology
in schools. Therefore, the application should focus on meeting the needs and interests
of both the teacher and students, by involving the teachers in the implementation of the
lecture and thus enhancing the students' abilities within the topic.

2.2.2 STEAM

STEAM is a further development of the STEM educational concept. STEAM is an abbre-
viation of Science, Technology, Engineering, Art and Mathematics. Where STEAM has
an A for Art, the original concept of STEM does not contain Art, but the de�ning aspect
of the framework are the same [STEAM Education, 2015]. STEM and STEAM are broad
de�nitions of how education should be approached with any speci�c de�ning points.
There are six de�ning parts of STEM which should be taken in consideration when
creating a STEAM lesson [Jolly, 2014a].

� Focus on real world problems.

� Lessons should use an engineering design process.

� Focus on hands on learning.

� Focus on teamwork.

� Apply math and science content to problems.

� Allow for multiple right answers and do not focus on failure.

These aspects can be applied using a co-creative approach, by using creative planning
where a brainstorm is done artistically or by designing the solution with the students
before applying it [Jolly, 2014b]. Educational games can teach students problem solv-
ing, goals, rules and motivation. An approach to motivating students and applying a
STEAM framework can be gami�cation.

2.2.3 Gami�cation

When thinking of gami�cation, the usage of game design and game elements within
various interactive contexts comes to mind [Huotari and Hamari, 2012]. This sort of
process can be implemented in an educational context and could aim to provide a
good understanding of the educational topic at hand while also keeping the students
focused and motivated. Therefore, based on this information, this paper aims to create
an application that will follow simple game design rules that cut through distractions
and combine entertainment with education to teach and engage students.
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2.2.4 Multimodal

Creating multimodal interfaces for mobile devices and application has become increas-
ingly popular [Caschera et al., 2013]. When using new modalities in conjunction with
a mobile application it is possible to get a much more realistic feel of inputs. Input
methods such as speech recognition, gestures and facial expressions can greatly help
with making the application feel more fun, natural and intuitive [Christopoulos and
Gaitatzes, 2009]. Some input models might not be ideal for every scenario, such as
speech recognition in a crowded and noisy classroom or virtual reality in a low budget
context, however it would be ideal to implement a �tting multimodal approach.

2.2.5 Budget

Educators and schools should not fear that the technology could require a high budget
or high expertise with either the platform or technology that would be offered. The
budget, however depends on the expectation that schools provide PDA and tablets to
students to use in class and are able to run the educational application.

2.3 state of the art

The state of the art section will �rst introduce a few applications that speci�cally uses
STEAM to educate users, then describe speci�c devices and apps used in the class-
room. These application use different concepts such as gami�cation, co-Creation and
multimodality to improve their systems. The section will end with a table showing an
overview of the different application's advantages and disadvantages.

2.3.1 STEAM

As mentioned earlier STEAM is a collaboration of Science, Technology, Engineering,
Art and Mathematics. Combining these in a cross disciplinary teaching method can be
done as shown on the “How To Smile” website [University of California, 2015]. There,
teachers can �nd examples of how STEAM has been implemented in the classroom.
Examples include mobile applications that teach how to eat healthy and nutritious,
presentations about climate changes or demonstrations of how chemistry works [Uni-
versity of California, 2015]. “How To Smile” is not the only website of its kind. Websites
like “Education Closet” [EducationCloset, 2015] has a collection of different resources
for creating a STEAM education. These resources help teachers better create a STEAM
lesson and education for students.

2.3.1.1 Space Chef

Space Chef is an educational STEAM game aimed at young students, to learn about
healthy food combinations.

The game does not use all the aspects of STEAM but focuses on the Science, Art and
Mathematics. The game is simple, you swipe ingredients on to the correct track and
the Space Chef eats it. Although the idea is simple, the purpose of the game is hard to
understand. It is supposed to teach recipes and eating healthy but all you receive are a
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Figure 2: Space Chef iOS game.

few core ingredients and the game is fast paced and hard to understand what recipes
you are trying to make.

2.3.1.2 Motion Math

Motion Math [Motion Math, 2016] is a series of mobile games that aim to teach different
aspects of mathematics. These are simple games where addition and subtraction are the
main focus, here students control a �sh that needs to get the correct numbers by eating
bubbles. Each bubble as seen in Figure3 either adds or subtracts numbers from the �sh
until the target number is reached.

Figure 3: Example of the game Motion Math using addition and subtraction [Motion Math,
2016].

Other games are using more complex mathematics concepts where students need to
work with fractions or estimate percentages. In most of these games, the students need
to reach a target number but using a combination of different math concepts. Other
forms of gameplay is to estimate the curve of a slingshot in order to hit a goal.
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2.3.1.3 Angry Birds and World of Goo

The two previous games mentioned are made speci�cally for educational purposes.
When looking at games made for the masses and not for education, both Angry Birds
[Rovio, 2016] and World of Goo [ 2D BOY, 2015] are using STEAM principles in their
core gameplay. Both games are incorporating all aspects of STEAM and also encour-
aging cooperative play and problem solving. STEAM is a broad de�nition and when
designing creative games that use theories like iterative thinking, problem solving and
free form building, STEAM is almost certainly going to play a role with or without the
knowledge of the designer.

2.3.2 Multimodal

As mentioned earlier multimodal interfaces are becoming more and more popular
[Caschera et al.,2013]. In the following sections two Student Response Systems (SRS)
will be presented as way of bringing multimodal input systems in to the classroom.

2.3.2.1 i> clicker

The i> clicker is one way of having a multimodal input system in the class room. The
idea behind the system is to avoid manually correcting quizzes and exams and instead
have an automated real-time system to grade and correct assignments. In order to use
this system, each student has to purchase a physical i> clicker remote that contains �ve
answer buttons (a through e). Each remote has an unique identi�cation number that is
recorded by the professor and when a student answers a question, the software records
it. This reduces the need for paper quizzes and exams and the time a professor needs
to correct quizzes and exams. The i> clicker is widely adopted as one of the best SRSs
to use in classrooms across the US and used by more than2 million students [i > clicker,
2016]. It has also shown that using SRS, especially the i> clicker, in the classroom, it will
positively impact students learning and on average receive higher grades [Whitehead
and L. Ray, 2009].

2.3.2.2 ConcertStudeo

ConcertStudeo is a multimodal platform which provides tools for teacher-student in-
teraction, such as quiz creation, voting, ranking and brainstorming. This platform was
implemented by Peter Dawabi, Martin Wessner and Erich Neuhold at Fraunhofer In-
tegrated Publication and Information Systems Institute (IPSI) in 2003 in Darmstadt,
Germany. The platform consists of an electronic SMART board, a PC and PDAs pro-
vided to the students. The electronic board runs the software on the PC, this part of
the platform is mainly used by the teacher, while students use the Pocket PCs Toshiba
e740. The board implements the functionalities of the internet browser Internet Explorer
and allows the teacher to show HTML �les and powerpoint slides [Peter Dawabi et al.,
2003].

The teacher can also display an interactive quiz with an animated question which
displays the results underneath. The results are given by the students who are voting
the answer on the PDAs and sends them to the SMART board. In Figure 4, it is possible
to see the brainstorm process provided by ConcertStudeo, where the background image
represents the SMART board with words which students could provide either by using
text or multiple choice selection [Peter Dawabi et al., 2003].



8 investigation

Figure 4: PDA pocket that students hold can be seen in the left corner, while the board in the
background.

2.3.3 Gami�cation

As mentioned, gami�cation can be approached in many different ways as gami�cation
is de�ned as the usage of game elements in interactive contexts. Some of these elements
can be achievements, rules, rewards, etc. and can work towards promoting learning and
can be presented as a form of active learning. This section will describe two applications
which use game elements to incentivize students and learners.

2.3.3.1 Kahoot

Kahoot is another educational system which focuses on motivating students to learn
and remain engaged during lectures and allowing them to use technology such as
PDAs and tablets during lectures. It is a digital application which allows the teachers to
gamify their lectures through quizzes and discussions for the class. In order to be able to
use Kahoot for their lecture, teachers need to create an account onwww.getKahoot.com ,
however students can access these quizzes without having an account, from any device
that can access the internet. Kahoot allows teachers to use various methods for their
quizzes, such as videos, pictures and music, this is achieved simply by dragging and
dropping function for picture or by selecting to choose the �les (see Figure 5). Teachers
can also choose a speci�c time limit on the video to be shown to the students. Once the
question is written, it is required to also add the results the students can choose from
and is also able to choose how much time each question will be shown for and how
many points each question is worth.

This application allows the teacher to apply a different teaching method and also
gives teachers the possibility to control the pace of the quiz, the points that can be
achieved and motivate the students by showing the “winner” at the end of the quiz.

2.3.3.2 Duolingo

Another mobile applications who aims to educate and motivate is Duolingo,which pro-
vides lessons for each language, with both listening and speaking and allows the user
to directly see the improvement they made by showing correct and wrong answers, and
such motivating them to keep on learning [Vesselinov and Grego, 2012]. Duolingo also
allows researchers to extract time of use for speci�c users and what their different activ-
ities involved when using the application, such as lessons and translations. Therefore,
allowing researchers and educators to get information on the usage of the application.
Another way the application motivates users is by using game design rules and gam-
i�cation and showing users how many days they have spent on learning a language
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Figure 5: Kahoot quiz on website and the application in use on the PDAs.

and forces users to pay more attention due to the limit of answers they can give, repre-
sented by hearts. Once the hearts run out, the user must start over with the challenge
(see Figure6).

2.3.4 Co-Creation

The co-creation process involves the user, learner or educator in this case, in the goal
of achieving, a speci�c task. Co-Creation can be present in different aspects, so that the
user can give feedback towards the designing and implementation of a product or can
be the ones to edit the product to �t their needs. The following section will give two
examples of educational approaches that involve educators as co-creators.

2.3.4.1 Collaborative Problem Solving Game

Researchers have also implemented big educational systems for low grade students to
motivate them to learn. R. Al-Washmi, M. Baines, S. Organ, G. Hopkins and P. Blanch-
�eld designed and implemented an educational game to teach mathematics to children
aged between7 and 9 years old. Al-Washmi et al. combine collaborative game elements
with mathematics to teach problem solving in a fantasy/adventure genre game. The fo-
cus of their game being collaboration as a teaching method and therefore implementing
multi-player aspects to allow exchange of views between the students. Their goal was

Figure 6: Gami�ed aspect of learning french in DuoLingo.
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to incorporate fun into learning to make educational games more engaging and allow
teachers to tailor the games to a speci�c group of learners.

The researchers used the input of a teacher working at a junior school to decide what
the focus of the game should be, therefore two levels were created, one focusing on the
number square and the other on various mathematical calculations. Both levels require
the students to collaborate in order to reach to the right result. The two levels can be
seen in Figure 7 and Figure 8. The �rst level requires the children to collect bugs from
a spider web by taking turns and moving on the web to the right number. The second
level is based on the number square problem and uses stepping stones to represent the
numbers required to complete the number square. Players choose the number using
the handle and select and place the number on the stone when they believe they have
chosen the right one. This situation also requires the students to take turns with picking
out numbers and allows them to discuss their choices with one another. [Al-Washmi et
al., 2015].

Figure 7: First level of the collaborative game, spider web level.

Figure 8: Second level of the collaborative game, stepping stone level.

Through the testing process of the presented game, the researchers have concluded
that teachers should be allowed to tailor the level of dif�culty of the game and were
then given access to the game settings menu which included options for specifying the
age of the players. Therefore, the game could be made simple for 5-7 years old and
more challenging for children aged between 9 and 11 years. The teachers could also
limit the operators to be used within both levels, for example only allowing addition in
the spider web level. They can also de�ne the amount of rows and columns to be used
within the stepping stone game and other similar changes within the game [Al-Washmi
et al., 2015].

2.3.4.2 EngAGe Assessment Tool

Researchers also put more focus on assessment as learning process in educational
games and Yaëlle Chaudy, Thomas M. Connolly, Thomas Hainey researched into the
EngAGe assessment engine, which is a link between educational games and developers
and educators and allows both the developers and teachers to contribute to the serious
games implemented for usage in class as a learning tool. A serious game's (SG) goal
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is to educate using games technology and entertainment, while assessment can be de-
�ned as the usage of data gathered from student learning to improve and re�ne study
programs. Assessment is therefore used to check whether teachers achieved their goal
to teach the students and gives the student an idea of their learning progress. This tool
allows the assessment separation from the game mechanics and does not require de-
velopers to spend time on implementing and thinking the assessment process through.
EngAGe is represented by a domain speci�c language (DSL) and a set of web services to
analyze the DSL and perform assessment. A DSL has its own set of rules and semantics
and the DSL created for EngAGe implements educational concepts such as Learning
Analytics 1, feedback and assessment [Chaudy et al.,2014].

Figure 9: Con�guration �le excerpt of actions.

The engine works in the way that the developer needs to de�ne the con�guration �le
which is independent from the game. The con�guration �le contains information about
the name and description of the game, learning outcomes, feedback information, logic
of the assessment and the points calculations. The latter can be seen in an excerpt from
the con�guration �le in Figure 9, this excerpt represents how the developer de�nes the
assessment and shows which actions are meaningful. Once the con�guration �le is
completed, the web services are used to process a speci�c communication protocol to
perform the assessment of the games and allows the developer to implement the game
using this data. EngAGe also offers a simpli�ed web interface for teachers to manage
their created �les and students and allowing them to visualize all the data collected
from students playing their games. Learning analytics are also provided in this area,
the analytics are gathered according to demographics data added to the con�guration
�le. Such aspect can allow the teacher to see whether a part of the implemented game is
too dif�cult if the majority of the students got it wrong or too easy. The end goal of the
EngAGe tool is to hide the con�guration �le behind a visual programming language
making it easier for teachers to edit these types of information which can be used within
the games implemented. Therefore the goal of separating the assessment from the game
mechanics is to support learning analytics. [Chaudy et al., 2014].

1 “Learning analytics is an emerging �eld in which sophisticated analytic tools are used to improve learning and
education”[Elias, 2011].



12 investigation

Figure 10: A representation of all the State of the Art examples with keyword category

2.3.5 Sub-Conclusion

After looking at the ten different applications and devices that all use different theo-
ries within educational aspects, these applications are categorized using the STEAM
framework, Co-creation, Gami�cation and Assessment terms and are displayed in Fig-
ure 10. These terms are chosen since these play an important role in the creation of
educational systems and by giving attention to these terms it is possible to motivate
both students and educators in the learning process, therefore this paper will aim to
create an application which will have as theories all four terms.

As seen in Figure 10, most applications and devices only use two of the theories,
however, popular games such as Angry Birds and World of Goo could potentially fall
under three of the categories. Although both of those games are not specially made
for education, they offer a lot of educational aspects but lack an important feature of
assessment, which then renders them un�tting. Therefore it is important to develop
a game that contains all four aspects. Table 1 goes in depth with the advantages and
disadvantages of each system presented to get an overview of all the systems and use
these points as guidance or inspiration for the application created in this paper. The
advantages point out how the mentioned theories are used in each application and the
disadvantages put focus on the important features each system is lacking. Therefore,
these advantages and disadvantages help direct the project towards the full design of
the system and put focus on the points relevant to the system that will be implemented
within this research.
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Advantages Disadvantages

Space Chef
3 Uses STEAM framework to teach
healthy eating
3 Gami�ed

7Hard to understand
7Does not involve teachers
7Does not have assessment
functionality

Motion Math
3 Teaches addition and subtraction
3 Gami�ed and uses STEAM framework

7Does not involve teachers
7Limited target group

Angry Birds
World of Goo

3 Uses STEAM principles
3 Gami�ed

7Don't teach speci�c
educational topics

i> clicker
3 Multimodality
3 Reduces assessment time for teachers
3 Can be used in classroom

7Limited functionality
7No gami�cation

ConcertStudeo
3 Allows students to vote
answers in the classroom
3 Makes quiz process easier for teachers

7No gami�cation

Kahoot

3 Gami�ed quizzes and lecture
3 Teachers can add points, time limit,
pictures and videos to quizzes
3 Shows “winner” at the end of the quiz
and motivates students

7Limited to quiz types

DuoLingo

3 Both listening and speaking
3 Gives representation of user's
improvement / Motivates users to
learn
3 Gami�ed aspects (Lives restricting
answer limit, time spent,
achievements)

7Does not involve the teachers
7Assessment is done by the
system not the teacher

Collaborative
problem solving
game

3 Multiplayer aspect
3 Gami�ed learning process
3 Allows teachers to edit the game

7No proper assessment
7Only for mathematics

EngAGe

3 Makes assessing process
easier for teachers
3 Provides learning analytics
to teachers

7Lack of gami�cation
7Requires teachers to
know coding language

Table 1: Table of advantages and disadvantages for State of the Art systems

2.4 education

This section represents one of the two main terms within this study: Education and
Technology, as improving education represents an important aspect of the goal. There-
fore, games in relation to education are investigated, which will be followed by aspects
of Personalized Learning. This topic is investigated as Personalized Learning has the
potential of impacting the learner and learning environment. Motivation was chosen
as a topic to investigate, since the goal involves both motivating educators to apply
technology and motivating students to learn.

2.4.1 Games in Education

According to Marc Prensky, an instructional game designer and author of the book
“Digital Game-Based Learning”, students are having a harder time learning using the old
educational system since the introduction of games and new technology [Prensky, 2001].
In his book, Prensky explains that students require interactivity in this generation, in
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order to engage the learners, however, he also points out that this strategy might not
be best for all learning situations and therefore books should not be replaced. Prensky
believes that appealing visuals are necessary to sustain attention, however they are not
necessary in a situation where the goal is to teach and learn. [Prensky, 2001].

In a learning environment what games require the most is feedback and Prensky ar-
gues that games or e-learning should not necessarily replace the teachers, since teachers
play an important role of whether the students understood the issue and can re�ect on
problems and con�icts, since games are good at making an interactive situation how-
ever not good at making you re�ect or give answers to your questions. Based on this
information, perhaps it is an important aspect to add “re�ection” as a design rule and
force students/players to re�ect by posing the questions for themselves or leading them
to these questions. What motivates people to learn? Self-motivation through the con-
tent, people who want to know about a speci�c subject will start learning and people
who enjoy learning in general will feel motivated to learn. However, not everybody
enjoys learning and is self-motivated to learn. For students, fear of a low grade can
motivate them to study harder and not return home with a bad report card, however
fear causes stress. There are four other important motivators that would not prove to
have consequences such as fear, these are:

� Ego-grati�cation

� Winning

� Pleasure

� Fun [Prensky, 2001]

What does a game offer differently than a book or a movie? Interaction and socializa-
tion. Many scientists believe that playing is interconnected with learning, Robert Fagan
de�nes playing as “optimal generic learning by experimentation in a relaxed �eld”while Di-
ane Ackerman de�nes it as “play is our brain's favourite way of learning things”[Prensky,
2001, chapter 5]. In order to make learning easier, it should involve playing and fun,
and one way to combine these is to implement them into a game. However one must
ask what makes games engaging? What rules must be followed to design fun games?
Prensky believes there are12 elements that makes games engaging:

1. Games are a form of fun which gives enjoyment and pleasure

2. Games are form of play which gives intense and passionate involvement

3. Games have rules to give structure

4. Games have goals which gives motivation

5. Games are interactive which lets us do

6. Games are adaptive which gives �ow

7. Games have outcomes and feedback which promotes learning

8. Games have win states which gives ego grati�cation

9. Games have con�ict / competition / challenge / opposition which gives us adrenaline

10. Games have problem solving to spark creativity

11. Games have interaction to support social groups

12. Games have representation and story to give emotion
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The reason to why games engage us is due to the elements that the games are com-
posed of such as rules to achieve organized play, which makes games fair and excit-
ing [Prensky, 2001, chapter 5]. Boardgames and cardgames usually have written rules,
while digital games implement the rules within the game. Goals and objectives are also
core elements that de�ne games and achieving a goal is a great motivator to play the
game and to learn. Feedback as game element, gives direct information on whether the
action performed is positive or negative. This type of element can be shown in various
ways, numbers, and graphical images or through tactile feedback. Through feedback,
learning takes place and an abundance of feedback can lead to frustration of the player,
therefore feedback should not simply reveal the right answer after a failed attempt. An
effective way to approach presenting the right answer is pointing out to the student
why the answer was wrong. Shalom M. Fisch gives an example of how to approach it,
if the student is supposed to �nd a triangle and they don't �nd the triangle in their �rst
try, it is ideal to point out another attribute of the triangle such as “Find a triangle – it
has three sides”and avoid saying the answer is wrong. On a second attempt and mis-
take, a response could be“Find a triangle - it is shaped like a piece of pizza”[Fisch, 2005].
Games must also pose a challenge/con�ict/competition to make the user excited about
playing the game. Prensky points out that a game is a problem and solving that prob-
lem is playing the game. Lastly, the game needs to have interaction and representation,
which the game focuses on, something speci�c such as “Tetris” focuses on recogniz-
ing patterns and building and “Age of Empires”on history [Prensky, 2001, chapter 5] .
Digital game based learning (DGBL) research focuses on learning principles, theories
and models of implementing games, as source of engagement and fun with academic
subjects. Using video games as part of the learning process is nothing new, it has been
studied since the early 90' when computer games started to be on the rise for con-
sumers [Alavi, 1994] [Betz, 1996]. When working with educational games it is not only
important to engage the user but there is a �ne line between making the game fun and
entertaining while still getting the educational message through to the player [Prensky,
2001]. In his article, Richard Van Eck talks about the importance of DGBL and steps to
consider when working with DGBL, Van Eck stresses that developers must be careful
to not fully “academize”the games and leave the fun aspects out, he suggests to �nd a
balance between pedagogical aspects and the engaging parts of the game. The article
also provides various points to be considered when working with DGBL, and in order
to improve the quality of educational games, the design of the game should be left up
to game designers and allow the learning aspect to be designed by the teachers. An-
other point the article provides is to not make games easy, games that will be solved
quickly are not engaging and should constantly require input from the learner and give
feedback with each answer. [Van Eck, 2006].

There are three approaches that DGBL researchers put in use when working with
games in education:

� Have students build games themselves

� Have the developers build educational games to teach students

� Integrate commercial “off-the-shelf”games (COTS) into the classroom

Richard Van Eck gives a few examples of COTS games in his article, these involve
using Civilization to teach history in class, CSI to teach criminal justice and SimCity
to give students government and civil engineering skills [Van Eck, 2006]. Many of
these examples place the educational content in the actual game play and therefore
players/students can use their academic skills to play through the game. Therefore, it
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is important to keep the educational content connected to the gameplay and encourage
players to see the educational content as fun and useful to solve the game [Fisch,2005].
Even though there are a long list of success stories with educational games there is
an even longer list of failed attempts. It is increasingly harder to make an educational
game that captures the attention of a wide rage of students. Computer games in general
are widely adopted as an entertainment genre and it is virtually impossible to make a
game that everyone enjoys. It would be equal to making a movie that spans every genre
and is liked by everyone [Moreno-Ger et al., 2008]. Not everyone has the same level of
skill when it comes to playing computer games. Some might be fast at adapting the
controls and get the idea of the game, because they are used to playing games while
others might struggle for a long time before understanding the concept.

One thing to keep in mind when working with or developing educational games is
where they are going to be used. Is the game going to be used in a classroom setting
where the teacher can use breaks between game sessions to discuss ideas and concepts
of the topic taught by the game, or is the game used for homework or self-study and
therefore being used outside the classroom. If the latter is the case then it is important
to keep the topic of the game focused. In Polsani's article about the learning object
model it is advised to keep learning sessions between 2-15 minutes [Polsani, 2006].

When trying to get teachers to use educational games in their teaching, the game
should offer something that would help the teacher or improve the course. This could
be visualizing complex concepts or help with grading. If a teacher normally would
hand out a set of papers for the student to read at home the teacher will not know if the
student read the papers or not. If the teacher then gave the students a quiz about said
material, there would be extra time involved for the teacher to correct the answers and
grade the papers. In a game this could all be automated. If the students are presented
with a set of games that will teach a speci�c subject and contains a short quiz after
completion of the game, the game could be able to log the time spent in the game, the
answers from the quiz, what the students did in the game and so on. This automates
a lot of the processes for the teacher and reduces the workload the teacher has to use
outside of class. It is also possible to combine both grading, behaviour and time spent in
the game to get a better assessment of the student. While a regular reading assignment
and quiz does not show how much work the student has put in to this subject. Maybe
the student does not understand the subject so well and have used a lot of time with
the paper, but still show bad results afterwards. With an automated assessment system
that combines the data gathered it would give the teacher a much more personalized
overview of each student and their dedication to the course or subject [Moreno-Ger
et al., 2008].

Previous sections have talked about how games can be used in a educational setting
but how should they be created? As far back as 1910, Dewey discussed that knowledge
about science should not just be presented to students but that they should experience
it and practice it, before understanding it properly [Dewey, 1910]. This is also discussed
by Annetta who proposes that educational games should not just be presented to stu-
dents for their use but instead should be created by the students [Annetta, 2010]. This
leads back to co-creation, which is basically what happens when users create games for
other users or participate in the creation process. Here, the teacher will be able to intro-
duce concepts in class and create games together with the students in order to further
teach them about the topics and the concepts. Learning by doing is a saying often used
and by making a game, the students learn about the topic. The students can then go
home and play other student's games and see what values they have focused on.
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2.4.2 Personalized Learning

Adaptive learning falls under the broad umbrella term that is personalized learning.
Adaptive learning is de�ned as ”an approach to creating a personalized learning expe-
rience for students that employs a sophisticated, data-driven, and in some cases, nonlinear
approach to instruction and remediation, adjusting to a learner's interactions and demonstrated
performance level, and subsequently anticipating what types of content and resources learners
need at a speci�c point in time to make progress.“ [Waters, 2014].

Maria H. Andersen speaks in her article about personalized learning in the past and
due to its cost-ineffectiveness, it was replaced by conventional methods, such as teach-
ing 20-30 students at once [Andersen, 2011]. Andersen explains that technology can
ful�l the need of personalized learning in the future, either by engaging e-learning or
by arti�cial intelligence. However, this might take a while, therefore she points out
means the technology has offered to help students learn, such as software that allows
you to take notes on, highlight valuable information in books and search information.
Though, Andersen states that students rarely go back to this information and in order
for deep learning to occur, repeated exposure to the information is required and time
to re�ect on this information. Andersen proposes in her article an idea of how per-
sonalized learning can be implemented using the current available technology, this is
presented by two steps:

1. Creating a new learning media using the Internet.

2. Creating software to easily manage media (such as adding “Like”, “Tweet this”,
“Learn This” buttons).

The article then presents the idea “SOCRAIT” , which is based on intrinsic motivation,
and it involves a system which allows the students to read an article, then lets them
add a question and answer to the article. When they have time again they return to
the article and go through the questions and answer them for themselves, afterwards,
the students are asked to rate it how well they knew the answers. The software then
redirects the students, based on the rating, to the article again or further ahead. It can
also suggest different questions for different learners, and base the information given
on the questions they chose to answer. The system can also be in�uenced by your
social network and give questions and topics based on what questions your friends
have chosen to answer. The personalized learning aspect can also spread through areas
they want to know about and subscribe to a set of speci�c questions or areas where
students already know about, so that they can choose to skip reading the article and
just answer questions. [Andersen, 2011].

If they feel they cannot answer some questions they can delve into the subject. In the
system imagined by Andersen, teachers play the role of a learning coach who designate
topics the students must cover and these students will all read the article or book with
the designated topic however will also be able to select areas that they are interested in
and connected with the topic, for example if the topic is calculus the student can �nd
questions tagged with marketing and management. Andersen believes that a system
for personalized learning should not grow from within the educational system and
should start from the outside such as the previously described “SOCRAIT” system
does. [Andersen, 2011].
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2.4.3 Motivation

When dealing with motivation and motivating teachers or students, it is important
to know what motivation is de�ned as. Motivation is mostly used as a descriptor to
processes that can initiate certain behaviours in an individual, give purpose, allowing
behaviour to persist and choosing a particular behaviour.

According to Tonya Hammer, motivation is represented by an instinctual drive to
achieve a task, for example satisfying hunger or obtaining a certain job. [Hammer,
2011] McClelland has theorized motivation as individual's needs for power, af�liation
and achievement. By analysing these three concepts, McClelland developed a well-
known assessment process called“Thematic Apperception Test”[McClelland, 1987]. On
the other hand, J. B. Rotter went in depth with the internal and external factors of
motivation and presented the terms as intrinsic and extrinsic motivation. The intrinsic
motivation refers to instincts and biological drives of a person, which in return gives the
person a feeling of satisfaction and accomplishment. When a child is playing a game,
intrinsic motivation occurs when the child expresses his desire to achieve a certain goal
within the game. [Rotter, 1973].

Extrinsic motivating factors are represented by pressure or rewards from external
processes, an example of such factors can be recognition from peers after completing
a task or reaching a goal. Another factor can be the desire to avoid disappointment
in the person's life, which then drives the person to achieve, extrinsic motivators are
considered more powerful than intrinsic. An example of such can be parental pride
motivating a child to study harder and get better grades or praise from friends for
completing a level in a game. [Hammer, 2011].

When talking about motivation, it has been researched that job performance is highly
in�uenced by motivation and the causes and components of such types of motivation
have been thoroughly presented. The main causes being personality traits and abilities
of the person, which can greatly in�uence the motivation of the worker when it comes
to their job, according to Jerald Greenberg [Greenberg, 2011, chp. 7]. This way of
looking at motivation is known as the motivational �t approach. This type of approach
represents the motivation that arises as result of qualities of an individual and their
requirements for the job. According to the theory, if people's abilities and skills �t the
requirements of the job, it is highly more likely for the individuals to be motivated. The
motivational �t approach can be broken into four motivational traits:

� Achievement, the person is interested in excelling at their task

� Anxiety, the person is particularly apprehensive or nervous about tasks

� Emotion control, the person is capable of controlling his emotions and focus on
the task

� Motivation control, the person is able to push himself even when their interest
begin to decrease

These motivational traits can be the cause of how motivation is achieved in different
types of individuals. For example, an individual with high achievement values will
seek challenging situations while increasing the risk of failure which will then require
emotion control and thus also motivational control, leading them to develop better
motivational skills. Besides this aspect, motivation can also be achieved by setting
goals. People can respond differently when being assigned goals. According to the
goal setting theory, assigning goals can have an impact on both the self-ef�cacy of the
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individual and their personal goals. Goals can motivate individuals to test their abilities
and their current capacity to achieve the set goal. Achieving a goal will then give the
individuals a feeling of competence and will feel successful. [Greenberg, 2011, chp. 7].

Overall, researchers have been solely connecting motivation in education with stu-
dents and have relied in the teacher's abilities of helping students to develop goals and
beliefs as they believe that teacher's play the most important role in motivating students.
Research shows that the ability of the teacher to manage the class can greatly in�uence
students' motivation and behaviour. According to Nancy Ray, if a student believes their
teacher is caring, cooperative and fair, it will have a higher chance at motivating the
student to do well in class while the opposite can happen of the student thinks lowly of
the educator. Ray believes that if the teacher shares something of value with the student,
he can deliver the message to the students; that learning can be fun. Therefore, it can
be believed that if the educator can manage to implement technology for class, there is
a higher chance that students will be more motivated to learn. A cause of this is due to
the technology playing such an important role in the lives of the current generation of
students. [N. L. Ray, 1992].

2.5 technology

The second term investigated will present information regarding Multimodal Systems,
Mobile Technology and Open Architecture, such that these approaches have the poten-
tial for change. Multimodality is presented through the different types of inputs which
can be considered when working with technology, while Mobile Technology gives an
overview of advantages and disadvantages of using mobile interfaces and Open Archi-
tecture presents the importance of supporting external plug ins and add-ons.

2.5.1 Multimodal Systems

Multimodality refers to the use of two or more user input types, speech, touch, gestures,
gaze etc, in one combined software with multimedia output. Multimodal systems can
replace conventional interfaces with the lone possibility of pressing buttons. Multi-
modality aims to copy natural human language and movements and make interfaces
intuitive and natural. Therefore, by using multimodality, it is expected that interfaces
will be easier to learn to use and provide a wider range of possibilities of implementing
challenging applications. Currently, there are various systems using combined modali-
ties to gather information, systems that include speech, pen input, lip movements man-
ual gesturing and gaze tracking all together in one system. [Oviatt, 2002].

An advantage of multimodality is the ability to allow users to cope with a temporary
disability, for example not being able to look at the mobile phone in the car, the system
still allows the user to speak and to touch screen as input. Multimodality allows users
to choose how to interact with the system, when the system provides more than two
ways of interacting with it and therefore being able to accommodate a broad target
group with users of different ages, skill levels and impairments. The possibility to
switch between input methods can also be effective in preventing overuse and damage
to the system.

When compared to unimodal systems, multimodal interfaces are less prone to give
errors. This can be due to the fact that the user will know which input mode they will
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choose in the situation they are so that it will avoid errors or the user will switch mode
if the system is faced with recognition errors. [Oviatt, 2002].

2.5.1.1 Examples of multimodality

Multimodal inputs can be implemented in a lot of different ways. The Microsoft
Kinect [Microsoft, 2016] is one of the widely used input methods for multimodal in-
teraction. The kinect is an inexpensive device that can track people and create depth
maps. This makes it easy to use body movements to control aspects of a game or an
application. The kinect has several of�cial and unof�cial libraries that each has their
own implementation method of skeleton tracking, gesture recognition, depth map and
so on. Kinect is not the only device that is great for gesture recognition the Leap Mo-
tion [Leap Motion, 2016b] is another great inexpensive device for hand-tracking. The
kinect is best for full body tracking where is the smaller leap motion is designed for
just hand-tracking.

Figure 11: Example of the Leap Motion hand tracking [Leap Motion, 2016a]

Figure 11 shows an example of how two hands can be tracking in a virtual environ-
ment. Both leap motion and kinect uses input methods that are native and intuitive to
every person. Instead of using a mouse, keyboard or touch screen the user is able to
use intuitive gestures to control the application.

Another multimodal input method is speech. For a long time speech was not used
at all for inputs but only for outputs (audio feedback), but with the rise in personal
assistants such as Siri [Apple,2011], Cortana [Microsoft, 2014] and Google Now [Google,
2012] speech has been more widely accepted as a form of input. But even though speech
is accepted as a intuitive form of input, it is not necessarily socially accepted form of
input. Rico and Brewster did a study about the social acceptance of using speech as
input methods in a public setting, which shows that speech is not necessarily accepted
in the public setting [Rico and Brewster, 2010]. As mentioned, Siri, Cortana and Google
Now are multimodal input methods for mobile devices. These applications gives the
user an easy and hand-free way of interacting with their mobile device. Speech input
can be implemented fairly easy using Google's speech API [Google, n.d.] and other
libraries such as npm for node.js has easy access to the API [npm, n.d.].

Multimodalities do not neessarily have to be input methods as shown in the examples
above. Outputs can also be multimodal and some of the mentioned devices could
work as outputs too. New devices such as the Oculus Rift [Oculus VR, 2016] can
increase the realism and immersion in a game or application and work as a multimodal
interface. Virtual Reality (VR) is becoming a more and more popular output method
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for games and Augmented Reality (AR) is catching up. AR can be implemented using
libraries such as Qualcomm's Vuforia [Vuforia, 2016] and used in combination with
mobile devices to bring objects on screen to life. AR can be described as a pseudo-
hologram where the object is displayed only on the screen while using feed from reality.

So far multimodal input has been presented as a set of new technologies (kinect, leap
motion, AR, VR etc.) but some of the simplest multimodal inputs and outputs can be
accomplished using very simple electronics such as LEDs, buttons and knobs. Using a
microchip like the PIC 32mx250f128b or a more complete solution like an Arduino can
be connected to a mobile device and used for input and output. When working with
buttons on a mobile device it might not always be intuitive where to press or if you
have a knob, it might be hard to rotate it using a touch screen or a mouse. But if an
Arduino is connected to a rotary knob and a button it might be more intuitive than a
touch screen. This could be because of the tactile feedback from the click of a physical
button or the resistance of a rotary knob.

When implementing a multimodal system the goal is for the user to use the new
modalities to control the system, this might not always be the case. Oviatt writes about
ten myths of multimodal interaction:

1. “If you build a multimodal system, users will interact multimodally”

2. “Speech and pointing is the dominant multimodal integration pattern”

3. “Multimodal input involves simultaneous signals”

4. “Speech is the primary input mode in any multimodal system that includes it”

5. “Multimodal language does not differ linguistically from unimodal language”

6. “Multimodal integration involves redundancy of content between modes”

7. “Individual error-prone recognition technologies combine multimodally to produce even
greater unreliability”

8. “All users' multimodal commands are integrated in a uniform way.”

9. “Different input modes are capable of transmitting comparable content.”

10. “Enhanced ef�ciency is the main advantage of multimodal systems”[Oviatt, 1999].

These“myths” should be taken in to consideration when building a multimodal sys-
tem. It is especially important to notice # 1, #4, #9 and #10. These four points are the
great pitfalls when working with multimodal systems. It is easy to implement a multi-
modal system that have both speech input and touch input, but just because the system
has these options it does not mean they are going to be used that way. In a study from
Intelligent Voice they conclude that Apple “has oversold Siri”[Intelligent Voice, 2013].
When participants were asked, out of 2330 responses84.8% say they never used Siri
on iOS 7. This clearly shows that even though there are different input methods, mak-
ing the system multimodal, it does not mean they are going to be used. The research
debunks both myth # 1, #2 and #4 as it clearly shows the opposite. [Naumann et al.,
2009].

2.5.2 Mobile Technology

Mobile technology has the potential of changing the future of educational environment
both within class and at home. Currently, mobiles play an important role in connectiv-
ity, communication and collaboration in everyday lives and these can open up to the
opportunities of creating relevant and engaging experiences for students. Technology in
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classroom has been used for years, computers and laptops playing an important role in
attempting to revolutionize education however mobile devices have a greater potential
at changing the way students learn. [Kosturko et al., 2015, chp. 1]

As Marc Prensky states “today's students are no longer the people our educational system
was designed to teach.”[Prensky, 2001], therefore students have a good chance at adapting
to new approaches and expect new approaches in classrooms to help them engage and
learn more effectively. Mobile technology in learning offers a new way to teach while
also teaching future relevant skills to the students and give them practical knowledge
on technology and the advances of it. What mobile technology offers is something that
PC could not offer in the past, which is enabling learning anywhere and anytime and
instant access to personalized knowledge. By adapting mobile technology in learning
in classrooms, the lines between formal and informal learning will start to blur and it
will open the path for students to learn using the latest advances in mobile technology.
[Kosturko et al., 2015, chp. 1].

There are various advantages that mobile technology offers which can improve and
personalize student education, these are:

� Ability to learn on the go , this way learning will not be limited within the school
hours of 8am to 3pm and will allow students to access knowledge wherever they
are. This experience will also play a better role in preparing the students for real
life as it re�ects upon the reality of adult's life.

� Affordable by most schools , compared to other types of technologies, mobile
technology requires a lower cost per student for a tablet as tablets are often less
expensive than computers and laptops. Therefore, mobile technology can offer a
different �nancial model which can be adopted in the educational scene. This ap-
proach can then open up the doors to more possibilities for lower income students,
since tablets can take you to virtual museums and provide simulated experiences.

� Improve thinking skills , mobile technology also has the potential of improving
higher order thinking skills, such as critical thinking problem solving and creativ-
ity.

� Enable personalized learning , using this technology, educators have the possibil-
ity of personalizing the knowledge taught to specify the students struggling and
assign homework and assignments accordingly.

� Motivate students , most importantly, mobile devices can motivate students by
engaging them through novelty and personalization and will always keep them
entertained and engaged as the usage of technology can give new meaning and
excitement to lessons.

As there are so many advantages which mobile systems offers, the technology also
presents a range of dif�culties that can be encountered when using mobile technology
[Kosturko et al., 2015, chp. 1]. The �rst challenge is keeping students focused, as tablets
and phones can offer academic help they can also give entertainment and can there
be used as distraction. Therefore, when working with mobile technology in education,
students would require monitoring. There are also other dif�culties such as increase
screen time usage which can affect the student's health and keeping students from
sharing personal information on the Internet. Compared to PCs and laptops, which
cannot be moved around and are taking up more space than tablets or phones, mobile
technology is given more advantages when it comes to usage in classrooms. PCs and
laptops have the disadvantage of blocking the view to the board or the educator from
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seeing the student, while mobiles are not as large in size to block the view or prevent
students from focusing on the board in class. [Wessner and P Dawabi, 2004]. Another
disadvantage when working with mobile interfaces is the lack of keyboard, as most
tablets do not come with keyboards and therefore makes it harder for the users to type
on a tablet compared to a PC.

However, there are many designers who are working around these problems and
there are few who complain about the usage of touch screen devices and digital natives
would not feel hindered by using mobile technology. Overall, when looking at both
the advantages and disadvantages of mobile technology in learning, there are various
aspects to be considered when designing for mobile as an educational tool, however,
comparing the other possibilities available and their disadvantages and advantages it
can be concluded that mobile technology would be the ideal candidate for bringing
technology in education.

2.5.3 Open Architecture

An open architecture is a system that will implement an API where users and develop-
ers can develop plug-ins for their personal use. Fujita and Kageyama propose an Open
Architecture as a with the following features:

1. “A common interface for various components such as sensors and actuators.”

2. “A mechanism for obtaining information on functions of components and their con�gura-
tions.”

3. “Layered architecture for hardware adaptation, system services, and application for ef-
�cient development of hardware and software components.”[Fujita and Kageyama,
1997].

Furthermore Kanehiro et al. proposes their Open Architecture Humanoid Robotics
Platform (OpenHRP) to contain Modularity, Open Architecture and Portability in order
to allow for the software to be modular, expandable and portable. Each application,
robots in their case, should work with new addition without possible errors and in
order to keep users input at a minimum. [Kanehiro et al., 2004]. Koren, Hu, et al.
talks about open architecture in their paper as additional modules that can be added or
swapped with original modules on a product. In order to develop an Open Architecture
Product (OAP) Koren, Hu, et al. mentions that the Original Equipment Manufacture
(OEM) must support these new modules. This is done using a common software and
hardware interfaces. The customer can buy or create new modules as they please and
add on to their initial product. OAP does not necessarily need to be made by third-
party vendors as many OEM develop addition modules themselves. [Koren, Hu, et al.,
2013] [Zhang et al., 2015].

Koren, Hu, et al. gives multiple examples of how an OAP can be used. Examples in-
clude an open architecture car, where consumers can specify what modules they would
like so the car can be tailored to their speci�c needs [Koren, Hu, et al., 2013]. Another
example is a CNC machines where consumers can buy the exact tools as modules to a
bigger machine [Koren and Kota, 1999] [Altintas and Munasinghe, 1994].

These modules should be “plug-and-play” where the device does not need a driver
and can be plugged into a tablet using, for example, an USB interface.
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2.6 a survey regarding educational games

During the investigation process, an online survey was conducted in order to gather
information about the target group and to estimate their interest in educational games.
The survey was distributed on the internet forum www.reddit.com , more speci�cally un-
der two subforums aimed at students and teachers. The survey had 46 responses with
an average gender of 54% males and 41% females. The age range of the participants
ranges between 15 and 32 with the majority being 16 year old students, who attend
high school.

Some of the important information gathered during the conducted survey was the
participant's educational level and their occupation. This was an important aspect to
consider due to the help it can offer to de�ne the target group. The majority of the par-
ticipants were high school students representing 45% of the results, bachelor students
accounted for 33% and Master students only accounted for 22%. When asked about
their occupation, as expected, the majority proved to be students however 17 educators
also responded to the survey. Further information that was required to keep in mind,
since working with schools with a low budget is one of the focus points, was whether
the school where the teachers and students attend, provides tablets or laptops. This is
also asked in order to get an overview of what type of hardware is available for students
and/or teachers to use in the classroom.

18Laptops
13Tablets
13None

4Other

0 5 10 15 20 25

Figure 12: If you are a student or teacher, does your school provide tablets or laptops for stu-
dents?

In Figure 12 multiple answers can be selected and 5 participants answered that both
tablets and laptops were provided. As for the “Other” section, some participants an-
swered that desktops were provided or that they had to provide either laptops or tablets
themselves. At least 13 participants said that nothing was provided but did not specify
if they had to bring anything themselves.

In order to see how widespread it is to use games in the classroom, a question regard-
ing the frequency of using educational games was asked. A surprisingly high number
of students and teachers replies showed that they use educational games in the class-
room. Exactly 50% said yes, which shows that there is already a high usage of these
types of games in the classroom. In order to get an idea of how the teachers feel about
using educational games during lecture, they were asked whether they would use SGs
during lecture. A large percentage ( 81%) said they would like to use mobile games in
the classroom. Based on the previous question,3 teachers would like to use educational
games in the classroom and are currently not using them. Although one teacher states
he is currently using educational games but would prefer not to use them. As for stu-
dents' replies, all who did not currently use educational games ( 4 students) would like
to use them. Participants were also asked to rate on a rating scale from Strongly Dis-
agree (1) to Strongly Agree ( 7), how they feel about using games to teach educational
topics in class. The results can be seen in Figure13 and it can be seen that the majority
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Figure 13: Average score = 5.31 (n=45). Would you use educational games in class?

of the participants have a positive approach towards using SGs as the rating's average
is 5.31, which is above neutral.

Students and teachers were also asked what kind of games they use in class, if they
use any. The majority of the participants that answered said that they used Kahoot ( 10
participants).

2.7 conclusion

During the investigation, the main focus points of the research within this paper, educa-
tion and gami�cation were presented. This chapter considers the wide range of terms
related to these �elds and narrows them down to related theories that can improve edu-
cation while using technology. Using the keywords, we de�ned the goal of the research
within this paper based on the initial idea of combining education with gami�cation.
As education and technology were our main points of focus, the investigation helped
narrow these �elds into a few keywords that will be used to de�ne the project. The key-
words helped shape the idea of the system and its functionalities, bringing us further
in the research phase.

As mentioned, the State of the Art section presents various systems of other re-
searchers who go in depth with some or all of these keywords. This was done in order
to get an insight on these games and systems, such that features researched and imple-
mented within these system can be used as inspiration and guidance for the current
application.

These keywords: Co-creation, STEAM, Gami�cation, Multimodal and Budgetbecome
requirements guidance of the application and therefore the theoretical aspects of the
terms are considered in depth, which narrow the research down to the winning factors.
As Prensky states, educators should not be replaced by technology and, instead, offer
the opportunity to use the educator's knowledge to re�ect on the information gathered
from games. Therefore, the system that will be built in this paper will focus on how
to motivate the usage of gami�cation in an educational aspect through the educator's
help. Moreno-Ger et al. also points out important aspects to consider when working
with educational games, one of these points being to offer functionalities within the
game which helps the teacher, such as automating processes and help reduce workload
in class. Oviatt explains the advantages and the importance of multimodality, Section
2.5.1.1 Examples of Multimodality, presents technology which can be adapted in the
educational environment. Therefore the multimodal implementation is supported in
this system and considered an educational advantage. The winning factors are relevant
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to the goal of supporting technology usage within educational environments by gami-
fying and personalizing learning. In order to achieve these goals, speci�c requirements
considered for the system researched in this paper, which would impact the educational
scene, are given. These requirements, also called winning factors of the system, put fo-
cus on the opportunity of assisting educators during the assessment process and giving
educators a greater sense of control than the currently presented State of the Art sys-
tems. An approach of this is by giving the educator the opportunity to create and edit
templates within the application, for example, they can edit the template by changing
the dif�culty level, similarly to the system created by Al-Washmi et al. Based on the
investigation some winning factors are set up, which can be seen in Table 2.

Winning factors Description Examples

User- friendly Interface
Easy to use in class
Simple interface
Assessment opportunity

Get result from quizzes
Learning analysis

Assessment opportunities
for teachers

Application should be able to
be used to assess knowledge
taught in class

Students will answer quizzes
on the application and the results
will be sent to the educator

Different templates
to choose from

Different genres/challenges
Different functionality
from each template

Quiz template can be used to
assess students knowledge
Adventure game can be
used to teach a subject
or tell a story.

Opportunity to personalize learning
to speci�c students

With the different templates
educator can assign games
to students accordingly
Educator can use assessment
knowledge for personalizing

Adventure games for avid readers
Daily quizzes for diligent students

Easy access to sharing and
downloading simple games for students

Educators should be able to access
simple templates and create games
for students in class or at home

Download new templates
Upload your own templates
Easy to edit and reuse templates

Gami�ed & Multimodal approach
Application allows multimodal
implementation in gami�ed aspects

Allow multimodal plug ins
AR visualizing for geometry
Speech recognition

Table 2: Description of winning factors for the design phase.

Before starting on the design, some requirements should be set up that will de�ne
the design and show the direction of the project. When looking at the previous table
and chart in Section 2.3.5 Sub-Conclusion it is possible to see that the design of the
application needs to stand out from other already existing options through the winning
factors presented above.

Design Requirements

� The application should incorporate co-creation, STEAM and gami�cation while
having options to assess student's results and usage.

� The application should be implemented on a mobile interface as mobile tech-
nology has a better advantage at improving education (see Section 2.5.2 Mobile
Technology).

� It should be easy for the teachers to use already existing templates to modify and
distribute while still giving them enough options to customize the game for their
linking.

� The educator should have easy access to assessment information from each in-
dividual student, this will help motivate teachers to use said application, as it
should be able to minimize their time used on assessing students manually.
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� When using gami�ed content in the classroom, it should be able to help and
motivate students in learning the content and answering questions.

� Gami�cation can happen multiple different ways such as an adventure game,
achievements, high score lists, multiplayer games and so on.

� The game should be general and �t any theme the educator might require to teach
the students.

� The game should force users to re�ect on their choices (Prensky in Section 2.4.1
Games in Education).

� The game should not “academize”and leave out the fun game aspects (Van Eck in
Section 2.4.1 Games in Education).

� Learning sessions should be between2-15minutes (Polsani in Section 2.4.1 Games
in Education).





3 D E S I G N

3.1 introduction

During the Investigation, the keywords presented led to various topics such as gam-
i�cation and co-creation which have been presented and discussed. In the following
sections, these topics will take form and will be presented as design models which can
be adapted later on in the implementation phase. The chapter will be split into the core
topics for the application and will be used to present relevant guidelines and theories
to the design of the application. These sections present relevant branches of design
such as interface, learning and game design, these principles being the main guidelines
to design and create the application in this project, which will later be applied in the
application section. The application presents the most important aspect of the paper, as
it gives an in depth description of the application's architecture that can combine gam-
i�cation, co-creation and assessment into a full system. Lastly, examples of the game
design, which can be considered for the educational application, are given.

3.2 interface design

Interface design is de�ned as the input surface that the users will see and be in contact
with. The interface can either be physical, like a keyboard, or digital, as the graphical
user interface (GUI) on a computer or tablet.

When designing a new interface it needs to be familiar and user friendly [Lazar et al.,
2010, p. 9]. When working with a �xed aspect ratio like the layout of a tablet, it is
useful to start with a simple grid layout to de�ne margins, leadings and so on. To do
this, the design philosophy of the grid system should be incorporated. This will help
systematize and clarify the design layout and “adopt a positive, forward-looking attitude”
while showing “recognition of the importance of education and the effect of work devised in a
constructive and creative spirit”[Müller-Brockmann, 2010, p. 10]. The grid can be virtually
any size, but it is important to remember the rule that “The fewer the differences in the
size of the illustrations, the quieter the impression created by the design”[Müller-Brockmann,
2010, p. 11]. When creating interactive applications, windows, menus and icons play
an important role in the interface. These elements are there to help guide the user and
present all the relevant information [Rogers et al., 2011, p. 161-169].

Another aspect to think about is Fitts' Law. Fitts' Law [Fitts, 1954] describes the time
it takes to reach a target using a pointing device, such as a pen or �nger. The law can
help designers specify where buttons should be on a device or application,in order for
the user to most optimally reach said buttons. The less seconds the user needs to move
per bit the better, as the user should not use too much time to move around between
objects on the screen.

When working with mobile devices such as tablets and smartphones there are two
distinct orientations to think about; portrait and landscape. When designing an appli-
cation it is important to �nd the optimal orientation for said application. Not much
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research has been conducted in device orientation, but Sprint did an online survey
among their customers to gauge their habits. 541 Sprint customers participated in the
survey and were asked to explain their habits of either using portrait, landscape or both
when performing six different tasks.

Each participant was also asked if the smartphone had a virtual keyboard or a slide
out Qwerty keyboard. Some tasks show different results when using a slide out key-
board compared to a virtual keyboard. Only two categories agreed to the orientation
based on the type of keyboard. When dialing a phone number both keyboard types
said they use portrait and when watching a video both said they use landscape. Every
other category is split between portrait, for virtual keyboard, and landscape, for slide
out keyboard. [Quinn et al., 2013].

This shows that the application design and the device design plays a big role in the
deciding factor of using either portrait or landscape. When designing an application,
the application itself can determine what orientation the user will use based on how
the layout of the application is made.

The interface design of an application needs to consider three main parts: orientation,
menu and button placement and the layout of the application. When combining the grid
system with Fitts' Law it is possible to create an interface that looks pleasing while still
functional and easy to use.

3.3 user experience

The user experience is a relevant aspect to the interface design as it refers to the user's
overall impression of how they feel about the system and interface they are using,
whether this makes sense to them or whether it is easy to use [Rogers et al.,2011]. The
interface design process involves user experience greatly, it points out that the process
must involve 4 basic activities:

� Identify the requirements for the user experience

� Create various designs which ful�ls these

� Assess the designs using information from users

� Evaluate the process and the user experience

These 4 steps can improve the design created for the application. Knowledge that
considers the user's emotions, skills and limitations can improve the design of the
application. Therefore, it is encouraged to create systems that give positive responses
from the users and make sure they are enjoying the experience. Interfaces can also elicit
affective behaviour. “Affective” behaviour refers to interfaces and designs who can
trigger emotional responses to the experience, such as smile or get angry. Therefore,
there are various components that can be used to represent expressive information,
these can be sounds, animations icons or emoticons. [Rogers et al.,2011].

There are also various examples of softwares which use emoticons to represent spe-
ci�c situations of the software, for example a smiling icon which MacOS used to reas-
sure the user that the system is working properly. MacOS also uses the sad icon for the
iPod to represent that the software needs to be update or �xed. An advantage of using
these expressive interfaces is that they provide reassuring feedback to the user. Vari-
ous actions and interfaces can also cause user frustration and therefore elicit negative
responses. Some of the reasons to why users can be frustrated can be waiting, images
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or websites that take a long time to load when there is also no indication to the fact that
the website is loading. [Rogers et al., 2011].

Another frustrating aspect of an application can be appearance, for example over-
loaded text and graphics can make it dif�cult for the user to access the information
they are looking for. Distracting components can also cause frustration to the user's
experience. Affective responses can also be in�uenced both by colors, shapes, fonts,
graphical elements and their combination. Studies have shown that a visually pleasing
interface can have a positive impact on the user experience and that usability is not the
only component that in�uences the user experience. Therefore, it was discovered that
there's a higher chance for users to become less frustrated at the system and be more
tolerant towards waiting, for example. Usability experience can be greatly improved
by understanding the users you are designing for, learning the environment the system
will be used in. Keeping in mind people's sensitivities when designing is also just as
important. The information stated can be classi�ed as usability and user experience
goals. To sum up, the usability of a system can be divided into:

� Effectiveness, represents how good the system is at achieving its functionality.

� Ef�ciency , it refers to the ef�cacy of the system at supporting users in performing
tasks.

� Safety, making sure that users are not put into uncomfortable and undesirable
situations.

� Utility , refers to the system being able to supply the user with what they need to
achieve their tasks.

� Learnability , represents whether the system is easy to learn.

� Memorability , once learned, memorability refers to the users being able to re-
member what they have learned about the system.

Mobile interfaces can affect the user experience in different ways, through the fact
that there are various points and guidelines to be considered for a pleasant user expe-
rience when working with mobile devices. Jun Gong and Peter Tarasewich present in
their paper a set of guidelines to be followed for mobile interface design. [Gong and
Tarasewich, 2004].

Some of the mentioned guidelines are:

� Enabling users to use shortcuts , the designers must make sure that performing
a task does not require them to perform numerous actions in order to achieve
it, because time is important for the user and the longer a task takes the more
frustration is caused.

� Offer informative feedback , similar to other devices, mobiles also need to focus
on giving proper feedback to make the user actions understandable.

� Design Dialogues to give closure , users should feel satis�ed and a sense of ac-
complishment when performing tasks.

� Support Internal Control , make sure the user feels in charge of the system and
not the other way around. The user should initiate an action and not be the one
to respond to actions from the system.

� Consistency, Gong and Tarasewich insist that consistency needs to be kept when
working with mobiles, especially with mobiles who have constant connection to
PCs/desktops.
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� Short-term memory load , as mentioned for other interactive devices, mobile de-
vices also need to avoid overloading the user's memory such that very littler
memorization is required to perform a task.

Overall, mobile interfaces are not very different from other types of interfaces and in
order to achieve mobile user friendly interfaces, the same rules presented previously,
apply, however the guidelines mentioned must be kept in mind.

3.4 learning design

To get an insight on learning and supporting learners in their efforts, it is researched into
relevant information such as Learning Design, so that to understand methods adopted
by other researchers of engaging students and educators. Learning Design is a wide
term that has been de�ned by various learners and researchers. Diana Laurillard states
that Learning Design's role is to structure a learner's engagement with knowledge and
allowing them to practice their skills and make the knowledge their own [Laurillard,
2008]. Craft, Maina and Mor on the other hand, de�ne it as a way to achieve new edu-
cational aims by creating new plans and devising new resources and tools [Craft et al.,
2015]. Overall, learning design is a process to achieve educational aims, a creative prac-
tice, a search for knowledge informed by theory and it strives to make the world better
by responding to change. Learning design is also an iterative process and acknowledges
the limitations that are posed when working with educational contexts. Lastly, learning
design also needs to be able to support learners in their efforts and aims. [Craft et al.,
2015].

According to these de�nitions, the learning design �eld seeks to develop a framework
for teaching and assisting teachers in adopting new educational ideas. Craft, Maina
and Mor state that there are three crucial points to improve learning through learning
design:

� To represent the knowledge in a familiar way

� To support the educators and learners with useful open tools

� To support learning design as a design practice

In order to better de�ne and improve this framework, the “Larnaca Declaration”was
created, which can be de�ned as a methodology to allow teachers to make better edu-
cational decisions [Craft et al., 2015]. An important aspect of the Larnaca Declaration is
presenting the teacher's design process and learning activities universally, so that it is
easy to be shared with other educators and easy to be understood. The declaration also
discusses the importance of applying learning design to various topics and levels of ed-
ucation and not limit it to schools and universities. As example of what it is meant by
making the learning and design process universally accessible, the Larnaca Declaration
uses the music notation to describe the idea behind learning design. Such as, music
notation can be used to describe the sounds and melodies for others to adopt as well,
it is supported that an “educational notation”, Learning Design in this case, can achieve
the same results. Therefore, the Learning Design can also be represented by a thorough
description of learning �ow and activities of educators and learners in classrooms and
online environments. [Dalziel, 2015].

J. Dalziel believes that by describing a step by step process of new teaching activities
it can encourage educators to adopt new teaching methods. Therefore, Learning Design
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fosters the idea of using a common descriptive framework to represent these activities.
A wide sharing of teaching practices has both pedagogical bene�ts and productivity
bene�ts, thus decreasing the time the educator spends to prepare for class and can
therefore re-use effective ideas from other educators.

There are many attempts at trying to make a neutral framework of learning design to
�t all needs which can be given to other educators to understand and re-use. One such
major element of the Larnaca Declaration is the “Learning Design Conceptual Map”. The
map presents a wide range of elements that should be considered when making design
decisions, however without being speci�c and bound to a certain topic. This map can
be seen in Figure 14.

Figure 14: The Larnaca Declaration “Learning Design Conceptual Map”

The core idea of using Learning Design maps is to support representation, sharing
and guidance for educators. This map can be used to analyze pedagogical theories and
to share the approach used to analyze these theories, with other researchers and educa-
tors. As certain components of the map are more relevant to certain theories, drawing
them within this map makes it more clear which areas are of common interest within
these theories and which are different. Therefore, this paper will support the approach
of sharing, representing and guiding future researchers by providing a personal con-
ceptual map, which will be adapted and created to �t the needs and requirements of
the system that will be implemented within this paper.

3.5 game design

The goal of a game is that it should be fun, when designing a game one must ask them-
selves, which parts of the game are fun and which could be ampli�ed. The designer
must make sure to �ll the game with interesting surprises, answer questions such as
“What would surprise the players?”. According to Jesse Schell, surprise is a crucial part
of games, since our brains are wired to enjoy surprises. Another aspect that a game
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should touch upon is curiosity, Schell explains that the designers need to make sure
the game motivates the player and that developers should focus on what thoughts and
questions the game brings into the player's mind [Schell, 2008].

Game designer Chris Crawford explains in his book, that a game must have a goal
and a topic and believes that the fundamental elements of common computer games
are:

� Representation - The game is a subjective and simpli�ed subset representation of
the emotional reality

� Interaction - Is an important element of games and the degree of interaction de-
�nes the Gami�cation degree

� Con�ict - Con�ict appears from the player interacting with elements in the game
and obstacles prevent him from reaching the goal and must be present in every
game

� Safety - Games must be a safe way to experience reality

According to Crawford, the design of a game is dependent on three structures: I/O
structure, game structure and program structure and they must be well balanced in
order to work together. I/O represents the communication between the computer, the
game in this case, and the player. The game can give output to the player through
visuals or audio. A game structure relies on the environment and the rules created
within the game which implements the goal into a workable system. However, Craw-
ford suggests to not crowd the game structure with many features. Lastly, the program
structure refers to the implementation of the game where program �ow and perfor-
mance represent the important aspects [Crawford, 1984]. Overall, the role of a game
designer is to create the rules of the game, the system that allows the game to function
as it does, however, the role of implementing all these together falls into the hands of
the level designer. Most of the time, a player experiences the game through the levels
and therefore level design is an important aspect to consider when creating a game.
Ed Byrne describes the main elements required, also called “building blocks” to create a
good complete level design [Byrne, 2004]:

� Concept: Refers to pinpointing down all the speci�c information the game focuses
on, such as characters, the role of the character, the story of how the character
entered that environment and situation. The concept also includes information
on how the character entered the environment and situation. The concept also
includes information on how the controls work, what the player can do and cannot
do.

� Environment : The environment must represent the theme presented in the con-
cept and graphics should ful�l the concept's needs such as a circus theme for
example would use circus elements. In a level, the environment consists also of
the background and the elements that help him progress through the level, such
as lives, energy or other metrics.

� Beginning and Ending : The beginning of a level can usually be at the left of the
screen, top, bottom or middle and can be represented as a door, for example. The
ending needs to be clear to the player and should be clear that there's a challenge
or obstacle in the way to reach it.

� Goal : The goal of the level must also be made clear to the player, for example,
to goal is made clear through the story and it is to reach the exit and it should
always have a solution or a way to reach the goal.
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� Challenge : This element stands at the bottom of why the player is having fun,
therefore as a designer, a challenge must be provided but at the same time a solu-
tion must be available too, however, this must be within the theme and concept of
the game as to avoid the player considering it silly.

� Rewards: Rewards can be of various types, it can be presented as unlocking the
next level or as a short victory animation. This sort of element can drive the player
to play the next level.

� Failure : Last element to consider is the action of what happens when the player
does not complete the level and achieve the challenge. It is suggested that, a
failure should only be applied if it's absolutely necessary and avoid the player
blaming the designer instead of themselves for failing the level. [Byrne, 2004].

It is to be noticed that a core element of level and gameplay design is challenge,
however a challenge can be the main aspect within the design that de�nes what type
and genre the game can be represented as. Andrew Rollings and Ernest Adams describe
in their book the different types of challenges a game can pose to the player and sorted
them into two types: explicit and implicit challenges. An explicit challenge can be
de�ned as an intentional challenge implemented by the designer, for example a speci�c
amount of time required for the user to wait when dodging an obstacle. The implicit
challenge, however, emerges from features that were implemented within the game
such as �guring out an ef�cient way of how to distribute items within a group in
an RPG game. Explicit challenges require more focus and concentration than implicit
challenges. [Rollings and Adams, 2003, chp. 7].

� Logic and inference Challenges

These challenges can be divided into perfect information games such as chess and
imperfect information games such as Microsoft hearts. Most games are presented
with imperfect knowledge, this is mostly because it challenges the player more
when he is required to hypothesize outcomes and this also brings in the element
of surprise.

� Lateral-Thinking Challenges

Rollings and Adams also presents lateral-thinking challenges, where the player is
required to use information from previous experience and knowledge to solve the
challenge. The knowledge the player can use to solve this can be either extrinsic
or intrinsic. Extrinsic knowledge can be given by the educator or gathered from
various readings they have gone through, for example the knowledge that wood
�ows can help them solve the challenge. Intrinsic knowledge, on the other hand,
is gained from within the game world, such as using a spell they haven't used
before and �guring out what it does.

� Intelligence and Knowledge Challenges

Intelligence-based games mostly rely on the intelligence quotient of the player,
while knowledge - based could easily �t within an educational context as it mostly
relies on what the player knows about various topics. An example of a knowledge-
based challenge is Trivial Pursuit, where the player progresses through the game
by providing answers to questions from various categories

� Pattern-recognition Challenges
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Some games can depend on the brain's ability to recognize patterns, such as Tetris
does. In Tetris, the player must make the decision of where to place a speci�c
block and this decisions must be quick. One attribute of pattern recognition chal-
lenges is the player's ability to focus on the entire playing area at once without
considering individual elements.

� Spatial Awareness and Coordination Challenges

Spatial awareness games are usually represented by3D games, some examples
that pose this type of challenge are �ight simulators and 3D combat games. Coor-
dination challenges are closely tied with re�ex and reaction time of the player, for
example the ability to coordinate the character jumps within a game and accuracy
of shots.

According to Rollings and Adams, not all challenges can easily be categorized and
therefore hybrid challenges can emerge, for example a logic-based puzzle game with
fast reaction time would represent a hybrid challenge.

Overall, a game's goal is to be fun but challenging at the same time. This can be
achieved by following the elements presented by Crawford, however keeping in mind
that the interaction is the strongest element that improves gami�cation. What is also to
be kept in mind is that level design is an important element of game design and also
includes elements that need to be considered when designing a game.

3.6 application

The following section will describe the ideal design of the application. Firstly, the sec-
tion will give an architecture overview of the speci�c components within the application
and where each guideline is applied. Afterwards, the sections will represent in depth
design of the application's functionalities and possibilities.

3.6.1 Architecture

In order to make it clear on which tasks the application will include, an architecture
was created. The architecture is sustained by theories proven and presented in earlier
sections and therefore will be visualized by the linear connections in Figure 15. The
architecture presented in this �gure will be designed to support an application on a
mobile platform which helps and motivates educators to use gami�cation and game
elements during lectures to teach students about a speci�c topic. This is intended by
giving the educators a high range of possibilities and choices they can consider in order
to adapt game elements to their lectures.

An important aspect to get the educators motivated to use technology and apply gam-
i�cation to their lectures is by implementing user friendly graphical interface, to make it
simple and easy as possible for educators to work with the application, therefore, the ar-
chitecture presents user interfaceas a component point so to show the importance of the
component. The application is split into two areas, one which focuses on the educator's
needs and the other focusing on the students. The goal of the application is to moti-
vate teachers to use gami�cation to improve their lecture while the students get more
engaged in lectures by using interactivity. Gami�cation is an important aspect within
this application as games can create engaging interactive situations, while the teachers
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can help the students re�ect upon it [Prensky, 2001]. In order to motivate teachers, the
option to add “Templates”as a component to the architecture and as functionality to the
application, is considered, these templates can be used by giving the teacher a choice on
whether they wish to create a new template of their own or download a template that
other teachers have used and tested. This type of approach is supported and inspired
by the idea of the “Learning Design” framework, which has great pedagogical and pro-
ductivity bene�ts by decreasing the amount of time educators must spend to prepare a
lecture (see Section3.4 Learning Design). Therefore, educators can be motivated to im-
plement gami�cation knowing that it is possible to save time and have the opportunity
to make lectures more interesting to students.

There are two components represented by the color blue, which are functionalities
aimed at the educators, these being the game creation and assessment. The game cre-
ation process involves the template customization, which allows the educator to apply
game rules to information that they would like students to be given by the end of
the lecture. In this component, co-creation plays an important role as it involves the
teachers in the creation of the educational games, therefore personalizing the learning
process and adapting it to their needs. The second educator component focuses on
the process that occurs after the students have managed to ful�l their task of playing
the game through. The assessment box includes the process of using data from the
�nished games, this data being saved on the cloud to be sent to the educator when this
is requested.

The cloud component has an important connection to the game creation, which is the
educator's focus, since the templates are sent and stored on the cloud together with the
assessment data from each student.

As mentioned in Section 3.4 Learning Design, the conceptual map supported by the
Larnaca Declaration will be used in this case to adapt it to the requirements, needs
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and theories that are considered in this research. The map can be seen in Figure16
and presents the challenge of the report within the �rst part and the theories such as
Gami�cation, Co-Creation and Multimodality. As the system within this research paper
allows the activity to take place both for individual learning activities and sequence of
activities for class sessions, the map presents the level of granularity of it. The teaching
cycle represents the steps that will be followed for every learning session. Lastly, the
map points out the core concepts and speci�es the resources and tools to be considered
within this design type.

3.6.2 Graphical User Interface

According to the architecture presented in the previous section, the application will in-
volve various functionalities which the user, the educator in this case, will be allowed
to use. These functioalities require to be palced in a common layout to create aestethi-
cally pleasing design refered to as graphic design. Graphic design can be de�ned as a
form of conveying a message to be sent to a speci�c group of users, this type of design
can rely on creation and organization of visual elements and can have great impact on
the meaning conveyed within the message. Through a graphic design, it is possible to
persuade, motivate, inform, enhance, engage and organize users to perform a speci�c
task [Landa, 2006]. Applied in different areas, graphic design can have various in�u-
ence on users, graphic design can be aimed for advertising, branding, identity design,
environmental, corporate design design, information design, interactive and experience
design, etc. This application will mostly focus on areas such as information design as its
goal is to take a large amount of information and design it into a clear representation to
the user. Graphic is designed for a speci�c audience as the message should be shaped
correspondingly to the type of user that will be receiving the message. This application
conveys information for both educators and students, therefore it is important to make
compromises when designing for both target groups.

One important aspect that is the focus during the graphical user interface designing
process is user experience, when creating simple intuitive interfaces, it is important to
acknowledge that the user must not feel frustrated, confused or �nd it dif�cult to use
the system [Rogers et al.,2011, chp. 1]. Since one of the goals of this application is to
motivate educators to use gami�cation within their lectures, user experience plays an
important role, therefore they should be pleased when using it.

The �rst step to consider when designing is identifying the needs, functionalities
and requirements the application needs to provide for a pleasant user experience, the
following section will present the speci�c functionalities aimed at helping the educator
in a mobile system, followed by the functionalities for the student.

Functionalities for educator:

� Settings, allows the user to change components of the application and of their
own account, these settings are universal and can be noticed in various other
apps, such as: username, email, language, sound volume, noti�cations, help.

� Pro�le , when accessing this functionality the user can see their current name and
username, recent actions, such as new games created and achievements

� New template creation , when accessed it directs the user to the available tem-
plates that can be selected to create a gami�ed lecture

� Assess Assignments, the educator can here search for each student's results or get
overall learning analytics of how the students have done throughout the quiz. This
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area will give the educators information on whether the quizzes are too simple or
too dif�cult.

� Previous templates/ Gallery , shows all the templates created before, completed
or just started, this information would be saved therefore allowing the educator
to pick up form where they left or reuse a quiz already �nished. This “gallery”
also contains all the downloaded templates from other educators.

� Upload and Download template , educators have the possibility of sharing their
�nished and tested templates with other educators, to help other educators save
time when working with such a subject. They can therefore search for speci�c
tags such as: quiz, story, mathematics and download the completed templates by
other teachers and use those in their class.

Functionalities for student:

� Settings, involves the majority of the functionalities that educators can use: user-
name, email, language, sound volume, noti�cations and help.

� Pro�le , this area for the student contains more game elements to motivate stu-
dents, therefore the pro�le will show besides username and name, picture also
their Achievements and Stars collected during playing the game.

� Enter template ID , the student's possibility of accessing the game is represented
by this. The educator provides the student with an ID number, which accesses the
game created by the educator.

� Previous templates/ Gallery , the gallery is similar to the educators, however it
involves only the games that had been accessed by the student by using the ID
the educator gave them. The Gallery holds both the games that have been played
before, marking them as played and giving but also games that aren't just yet
�nished, using a sign to show this.

� Results, this area gives information to students on which areas of the game/quiz
they have given wrong and which they have given good. It is a good idea to
share the learning analytics to each student to give them a better idea of their
performance and how much improvement they require.

� Plug Ins , gives a list of available plugins for the application and how to connect
them to the device if the plugin is physical. Speci�c software for the plugins can
also be downloaded from this section. These plug ins can also be multimodal,
using the different multimodal approaches presented in Section 2.5.1.1 Examples
of multimodality.

Figure 17 represents a sketch of the design including all the functionalities presented
in the sections before. This sketch is a quick representation of the educator's possibili-
ties to create and assess templates. Figure18 is representing the design of the student's
part of the application, which also includes the pro�le with more information regarding
the gami�ed aspects. Lastly, Figure 19 shows an example of the result screen for the
students, where they can see their different played games, with the information they
gathered in each of these.
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Figure 17: A sketch of the functionalities of the educator

Figure 18: A sketch of the functionalities of the student

Figure 19: A sketch of the functionalities of the student
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As mentioned in Section 3.3 User Experience, the system must be easy to learn and
therefore it will focus on making clear functionalities, as presented in the sketches. In
order to take most advantage of the screen space, a decision between focusing on land-
scape or portrait mode had to be considered. Using the knowledge gathered by Quinn
et al. from the survey conducted regarding the usage between landscape and portrait
mode, it was decided to focus on using a landscape direction for the application as
it would give a better overview of the functionalities available and keep consistency
throughout the system. Therefore, the system was designed so that the user does not
require to remember any of the steps in order to perform a function, making clear but-
tons with what their functionalities can do. Memorability also plays an important role
and was therefore decided to create relevant icons to the functionality and thus a survey
was sent out.

3.6.2.1 Interface Survey

In order to get an input on the currently created icons which can be used to represent the
functionalities to be added in the application, a survey was conducted. The survey was
distributed on the internet forum www.reddit.com , more speci�cally under subforums
aimed at students and teachers. The results come from 30 participants aged between
17 and 55, with an average of 24 years old. Responses vary on the occupation of the
participants, however the majority are represented by students, results also vary country
wise as the majority of responses are from participants living in the USA.

The survey was aimed at getting an understanding to whether users can recognize
functionalities based on the icons created. In order to get this information, the survey
included a numbered picture of all the icons while the participants were asked to con-
nect various descriptions of functionalities to visual icons. Figure 20 presents the image
with icons used within the survey.

From the survey it was discovered that the two most simple and intuitive icons are
icons F and G, all participants of this survey have known that these buttons represent
uploading and downloading a template. Two of the least understood icons are rep-
resented by D and E, which represent the gallery and assessment. This information
was both gathered from the matching up of descriptions to pictures but also from ask-
ing participants which icons were the most dif�cult to understand where the majority
stated D and E, however A was also often mentioned, while F and G were the easiest to
understand. Therefore, due to this information it was decided to apply a change and
simplify the dif�cult icons, A, D and E. These icons can be seen in Figure 21, where �rst
one represents icon A, second icon E and last icon D.

To get an idea of whether participants would �nd it easier to connect the icons to
their functionalities, if the icons are placed in the environment, the tablet in this case,
an example of some icons in use was given to them. A picture applying the icons

Figure 20: Image of icons used within survey
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Figure 21: Improved icons after the survey

according to the design was shown and participants were asked if it would be easier
for them to understand the icons. The majority of the participants ( 44%) stated that it
does not make a difference to them, however 31% believe it is easier to understand the
icons in this setup (See Figure 22).

31%Easier to understand
20.7%More di�cult to understand

44.4%No di�erence
3.9%Other

0% 10% 20% 30% 40% 50%

Figure 22: Do the icons become easier to understand when put in the interface setup?

3.6.2.2 User Interface Design

The user interface that the system will adapt is simple and straightforward such that it
focuses on user friendly aspects and will be easy to work with, which is important to
the educator and student. As presented before, there are different functionalities that
the educator or student can access, therefore the application start screen requires for
the user to choose their respective role which will access the functionalities they need
to use. Figure 23 shows the design of the application's introduction page, where the
educator is placed on the left side while student on the right. The ideal design will
require the users to sign up/sign in to the system before being able to perform any
actions that the application offers. This functionality is required as the system needs
to save data, such as games, quizzes, results for speci�c users and quizzes will only be
shown to the users who have signed in and created the quizzes in earlier usage.

Figure 23: Introduction screen of the application (User Interface).

Based on which button the users press, different scenes open up. When accessing
the educator scene, the functionalities for the educator are opened up and respectively
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for the student. Figure 24 shows the design of functionalities for both the educator
and the student, which were kept with a similar design, as to not cause confusion and
allowing the teacher to help the student if this needs help or feels confused to what
they are supposed to do. As it can be seen, both student and educator are presented
with the pro�le and settings options. In the student version, the icons represent a
different functionality, for the educator the “Add template” icon shows various templates
the educator can choose from to create a new template, while for the student, accessing
this icon means they will be required to input a number, name, educator name or
search through a database of games to access the games, quizzes or tests, that they
need to ful�ll for their class.

Figure 24: Educator and student interface

The educator's functionality which involves assessment, represented by the icon with
the green check mark, allows the educator to get information on the results from the
student's assignments. The assessment icon and the scene it opens when this is tapped
can be seen in Figure25. By accessing this scene, the educator will be shown with useful
information regarding the games/quizzes the students played. The educator has either
the possibility of vertically scrolling through a database of students or input the name of
the students they wish to see the results from. The results can then include the amount
of correct or wrong answers the students have performed when going through the quiz,
the time each student required to �nish the quiz and when the quiz was handed in.
The educator also has the possibility of accessing the learning analytics by tapping the
remaining icon in this scene. Similar to the EngAGe assessment tool (see Section2.3.4.2
EngAGe Assessment Tool), the system should have the possibility of giving information
to the educator on whether any part of the quiz or game is too dif�cult or too easy and
thus see how many students had troubles with the quiz.

When returning to the main screen of the educator, there are other functionalities that
the educator can access, one of these functionalities is the download possibility which
can be seen in Figure26. Accessing this area will allow the educator to search through
multiple game quizzes or other types of games created by educators who also use this
application to create games for their class. This scene allows the educator to search for
a speci�c type of game in the database, tagged by either a teacher name, game genre or
challenge type (eg. quiz) and once found, the cloud button will allow them to download
the game to their device and will then be able to access the game through their gallery
and share it with their own students. The main menu of the application also includes
the icons/buttons of allowing the user to upload their own games and quizzes to share
with other educators and students, when pressing this button, a very similar scene to
downloading the game will appear, however instead of allowing the educator to search
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Figure 25: Assessment Functionality for Educator

through a database of online games, the educator will be able to search through their
own personal quizzes from the device, select which they would like to share, add tags
to it, such as name, genre and type and tap to upload it to the cloud.

In Section 2.4.2 Personalized Learning, Andersen explained her idea of implement-
ing personalized learning to motivate students to go back to information. The goal
of this system is to use these theories and �ndings such as co-creationand personalized
learning to make a better system than the systems already available. Therefore using
the knowledge gathered by Andersen, it was decided to apply personalized learning
through the steps proposed by her, such as creating a new media, however aimed for
educators. This will be achieved using the upload and download buttons, allowing
educators to share knowledge with each other and therefore save time by reusing ef-
fective ideas from other educators. Through knowledge gathered from personalized
learning theories and learning design theories described by Dalziel, the educator me-
dia is created and applied to the application. In this media, educators will have the
opportunity to share information and experiences. This internet media can be referred
to as the “educator cloud”, which could be accessed online and would adopt similar
functionalities as “Facebook”, allowing educators to share ideas/quizzes/templates, like
these ideas and comment on them. However, this paper will not focus on designing
the internet media that could come with the application and will only focus on what
the application can offer. The functionalities “uploading to cloud”and “downloading from
cloud” will be available in the application and are connected to the "educator cloud",
where the templates are shared and downloaded from.

When taking a look at the student's functionalities, it is possible to see that students
cannot share games with other educators. The student is merely allowed to add new
games to their own gallery, play them through and share their achievements within the
game with other students. Looking at Figure 27 the interface for the student's function-
ality of downloading a game can be seen. The student functionality is created to be
simple and similar to the educator's so that the educator can offer help to the students.
As seen, the student can either click on the latest games which speci�c educators shared,
ex. Biology or History, and the game will be downloaded to their gallery function. If
they do not wish to scroll through the pictures, the students can tap to search for a
speci�c game name, genre or teacher name, as the educators do when searching for
games from other educators.

By looking at Figure 29 it is possible to get an overview of the connections and
functionalities to the cloud. The educator should have the possibility of both uploading
a game to the cloud and also downloading from a list of games who had been uploaded
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Figure 26: Select to Download- Functionality and Download Functionality for Educator

Figure 27: Search and download game for Student

to the cloud by other educators. The educator is the allowed to play the game, share
with their students and edit the game to their needs. On the other hand, the student
can only download from the cloud and play the game. For both cases, the games are
saved in the gallery and allows educators and students to add names, comments and
notes to each game that can be seen inside the gallery. Games within the gallery can
also be deleted by both educator and student, however the username and password
will be asked for when deleting a game.

When accessing the results function for the student, the student is shown with the
screen seen in Figure28, with information such as a table with the most recent games
they have played and results given to them,to the left the students and tap on the
game or search for the game they wish to see the results for and their results will be
displayed as the image to the right, giving them information on which were wrong
and which were right. The interface can also show various information that teachers
might consider useful, such as feedback and amount of points. What is also possible for
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Figure 28: Results function for Student

Figure 29: Cloud connections and functionality possibilities for both educator and student

the student, is to download multimodal plug ins which can be used for speci�c games.
Such plug ins can be for example “Vuforia plug ins” which could allow the student
to use augmented reality to play through the games. As mentioned in Section 2.5.1
Multimodal Systems, multimodality can be a lot of different types and just because it
is available does not mean it has to be used. Multimodal input devices can be a wide
range of types, such as:

� Speech

� Touch

� Joystick

– Controller

– Mouse

� Movement Tracking

– Kinect

– Leap Motion

– Video Tracking

� AR/VR

When looking at the design aspects and the architecture (see Figure15) a multimodal
input method for this application could be speech. During the setup process when the
educator has to input quiz questions or story elements, it could be a practical approach
to use speech as an input method. Using speech would further improve the usability
of the application and also increase the speed of input for the educators. During the
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Investigation chapter it was mentioned that speech might not be ideal in a crowded
classroom, this should not be a problem with the design described in this chapter as
the educators should work on the quiz and content at home and not in the actual
classroom. The same could be said for students wanting to use speech as a way of
answering question at home. If the educator chooses to use the game as a homework,
students can use the speech recognition at home to answer questions in an easier way.
As the application is designed for a tablet, touch is an input method that is already
there. Some people are not familiar with touch or does not have a lot of practise using
touch, this problem can be overcome using an external controller such as a mouse or a
game controller.

Figure 30: Example of a Leap Motion plug in.

Figure 30 shows how a Leap Motion could be implemented as a controller for the
student playing the game of the application, represented by the Game Playcomponent
in the 15 architecture. The Leap Motion is a hand tracking device that can register
movement and gestures. The example shows how the hand is used to track movement
left and right to move the in-game character. The Leap Motion can also track up/down
movement and a quick downwards hand movement could trigger a jump for the char-
acter. These modalities of controlling a character in game would be a possibility for
students, however the educator is in charge to what type of games the lecture will in-
clude, such as quizzes using simple platformer games or adventure games to present a
story or puzzle games to pose a problem solving challenge.

When using the “create a new template/game”functionality, the educator is provided
with new functionalities and options that will be available to choose from in order to
decide what type of game the students will play and what type of information the
students will receive. These functionalities will be presented in the following section.

3.6.2.3 Educator Templates

This section of the design will describe two types of templates the educator can use,
however ideally, templates can be added with updates to the application or by allowing
the educator to download it from the server/cloud. This section will go in depth with
the functionalities and interface the educator is presented when selecting a quiz or story
template.

Figure 31 represents the interface that the educators will be faced with when trying to
create a new game for their students. The educator can horizontally scroll through icons
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Figure 31: Templates examples

Figure 32: Quiz Template options

of templates, quizz, story or adventure, and then choose the speci�c type of template
they wish to create. Based on what kind of skills the educators seek to test the students
on, they can choose a template accordingly. For example, if the educator seeks to test
the knowledge of a historical event, he can choose the Story template. Once they have
chosen which template they would like to work with, another scene will open up with
various options that can be chosen. Figure 32 shows an interface of the options which
the educators are faced with when choosing to create a quiz. Firstly, the educator can
choose how many questions they plan to add to the game/quiz and how many multiple
choices each question should allow. Once this has been decided, the template continues
and allows the educator to type in the questions within the text areas by tapping them
and a keyboard popping up. They are also asked to select which of the multiple options
of answers will be the correct one. If the educator forgets to choose the right answer,
the application will pop up a reminder when the educator tries to add a new question.
Once the 10 questions, or how many the educator planned to use, were created, the
“Create” button will be clickable and therefore the questions added to the game. The
educator can also personalize their game. After the questions are added, the educator
is asked whether they would like to personalize the game or use a pre-made template.
With this option, the educator has the opportunity to change speci�c colors, skins and
themes of the game to match the subject they are testing.

The educator can choose to create a story as the template, Figure33 represents the
interface where the educator will be given the option to choose between various maps
which have a game implemented for. Each of these maps show the course of action
that the player will be going through when playing the game and therefore giving the
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Figure 33: Story template

Figure 34: Gallery example for educator

educator an overview of how the game will evolve. Using this information, the educator
can choose the type of map they would like the students to go through and input an
amount of stories and questions that the students should face when playing through
the map. Once they have chosen, they can press to continue to the next scene where
they are faced with actually adding the stories to the map/game itself. The map will be
interactive and allow the user to tap on the colored symbols to either; add a question
or add story, respectively using the question mark and the arrow. For each symbol,
a pop up window for text will show where they can input their desired information.
Similar to Kahoot, these templates also allow the educator to use pictures, videos and
sounds within their quizzes and stories. Once they �nished adding the story for each
component they also have the possibility of moving arrows and question marks around
as they wish them to be displayed to the student. Lastly, when the educator feels that
the story is complete and ready to be shared with students, they can create the game
which will be added to their gallery. From the gallery, the users can decide what will
happen with the games they have, the gallery can be seen in Figure 34. Each template
saved within the gallery has their own settings button which will allow the educator to
change the name of the �le, share it with students or delete it.

Overall, there can be many types of templates in various combinations such as
quizzes presented with an adventure style game and pattern recognizing challenges
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