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1 Introduction
This project is based on the theme “Visual Computing”, which is the current theme for this
semester. The project will therefore have to include some kind of system which can receive
visual information that can be analysed. We wanted to see if there was an alternative to the
ordinary graphical user interface and we became interested in the idea of including a tangible
user interface in our project, where a camera often is used to get information on the user
interaction with the interface.
We took a look at what kind of situation a tangible user interface could be influential, we
ended up wanting to see how a tangible user interface could influence communication
between people.
As the tangible user interface is often placed horizontally theres the possibility for the open
space between users to change the dynamic of how they act. With this in mind we became
curious regarding how collaboration would have a changed dynamic between individuals and
we sought projects which relates to this.
Kortum (2008, p. 1) describes the graphical user interface as the most common user interface
used in humancomputer interaction, which we believe it still is today. Since many of us are
familiar with graphical user interfaces, we think that it is a good idea to compare a tangible
user interface and a graphical user interface in order to discover what different effects they
can have on collaboration, but with focus on the tangible user interface. This means that we
will have to develop two different user interfaces; a graphical user interface and a tangible
user interface. We figure that a good way of creating a user interface that supported
collaboration was by creating a game.
Rogers, Sharp and Preece (Rogers et al., 2011, p. 207) state that tangible user interfaces can
be better for solving problems collaboratively, since more than one person can use the
interface at a time, and this makes us want to investigate what effect a tangible user interface
can have on collaboration.
Campbell and Carandang (2012) created a game that had both a tangible user interface and
a graphical user interface, where they compared the two user interfaces. The game was a
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realtime strategy Tower Defense game, because it would then require cognitive effort and it
was easy to make it collaborative. They discovered that the users performed better with the
graphical user interface and it was easier to use, whereas the users found the tangible user
interface more interesting and engaging. We find it interesting to know what differences these
user interfaces have, but more specifically what effect it can have on some social aspects,
since there is a big difference in how users interact with these interfaces. Campbell’s and
Carandang’s (2012) results revealed that the tangible user interface was more interesting and
engaging, we thought that this was interesting and we wanted to see if there were more
aspects which could be explored. We are interested in looking into what kind of effect a
tangible user interface has on people’s collaboration based on the manipulation of physical
objects and interacting with a common interface instead of being acting on separate graphical
user interfaces. We also theorize that users dynamic change as they can better use their body
language, which we will investigate in the next chapter, Analysis. Besides this we strive
towards acquiring the necessary knowledge to look at the inner workings of communication
and what enhances a collaborative effort, this will be important for the purpose of comparing
the two interfaces.
We have chosen to develop a collaborative game, namely a Tower Defense game, where a
tangible user interface along with a graphical user interface will be created. The purpose of
this project will therefore be to get an answer on the following problem statement:

1.1 Problem statement
How is collaboration affected in a game that utilizes a tangible user interface to receive
realtime input?
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2 Analysis
With the problem statement in mind, it is imperative for us to focus mainly on two subjects,
namely collaboration and tangible user interfaces. In this chapter we will touch upon two
subjects; “cooperation and collaboration” and “interaction design”, and within the latter subject
we will namely be focusing on a detailed description of how graphical user interfaces (GUI)
and tangible user interfaces (TUI) work. We need to know more about cooperation and
collaboration since we want to know how humans interact with each other, and what reactions
that may occur when they have to make decisions within a group, as this has been perceived
as something very relevant for collaborative processes. The Cooperation and Collaboration
section (2.1) covers different subject regarding communication and in the second half of this
chapter we investigate the basics of creating a user interface which emphasizes on aspects
that encourage collaborative efforts. Furthermore we will go through the differences between
two user interfaces, how they may affect the users, and how we will be able to design such an
interface.

2.1 Cooperation and Collaboration
By analysing certain aspects within collaboration and cooperation we are hoping to find an
answer on a couple of questions: How are the inner workings of communication? How do
people solve problems together? How do they arrive at decisions? How do they improve
these decisions? As well as what the general collaborative process entails in comparison to a
cooperative process? And can we find design guidelines which suit the purpose of this
project.
The reason for these questions can be derived from how collaboration can be analysed. If
there are some key behaviors for collaboration, it will be possible to analyse them to a certain
extent. The problem with collaboration is that it is hard to define how you measure it. If it is
possible to look at what involves the optimized collaborative effort, then it might be possible to
measure it to a certain extent.
To answer these questions a set of subjects will be investigated. First there will be a focus on
collaboration and cooperation. This is mainly to get a definition of these two concepts, but
also to find a set of tools that can help create an environment for supporting these processes.
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Afterwards the payoffs and downsides of collaboration will be investigated, this is done to get
the knowledge to understand possible outliers in our future tests. The next aspect in this part
of the analysis will be about how the decision making process functions within a small group,
this is done to get an understanding of how they arrive at decisions, which is an integral part
of any collaborative process. To interpret the actions of users in the prior mentioned
processes we need fundamental knowledge on communication. Lastly we strive to obtain
guidelines for a game design which revolves around collaboration.
Collaboration is a vague word but can be used to describe a situation where the people
interacting are close to being at the same level, able to perform the same actions, have the
same goal and are able to work together (Dillenbourg, 1999, p. 7). Collaboration and
cooperation have quite a lot of overlapping aspects, but the difference between collaboration
and cooperation is that cooperation is based on more independent goals, or the users work
independently on their own, while collaboration consists of more intervening actions between
users and is therefore more interactive (Dillenbourg, 1999, p. 10).
There is a higher degree of negotiation in collaboration compared to the more hierarchical
based cooperation, and collaboration tends not to impose their authority but rather have a
collaborative structure where the users see each others viewpoint, and have a flow where
they allow each other to speak. An example of this can be that a boss gives an assignment to
an employee, the boss makes the final decisions and the employee has less influence, while
two coworkers working on an assignment have an equal status, and they have to make joint
decisions. If the users are negotiating on how to interact with any given subject, they have
metacommunication which entails that each of the users have space for negotiation, this can
be inhibited if the users have predefined roles, since they will occupy themselves with their
roles. The space of negotiation is rather important for lessening the amount of
misunderstandings as they will occur. Overcoming miscommunication can be lessened by the
users having a baseline of the language regarding the subject at hand. Another way of
lessening the negotiation and collaboration is when the tasks at hand are trivial, since there
would not be anything to debate and the actions of the users are rather automated
(Dillenbourg, 1999, p. 11).
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Space of negotiation overlaps with another term called space of misunderstanding and
Dillenbourg describes space for misunderstanding within the concept of collaboration and
learning. Here he argues that a space for misunderstanding is important since it forces the
participants to explain and communicate. Though large misunderstandings would be, in his
words, detrimental for learning (Dillenbourg, 1999, p. 11). It would then be arguable here that
in a game where collaboration is seen as important, it would possibly be beneficial to aid the
interaction through different means, such as emoticons for textbased chat systems, which
can aid in telling a player’s tone of a conversation, e.g. using a laughing smiley when a person
is being sarcastic.
Throughout this section the difference between collaboration and cooperation was
investigated and found. Then a set of aspects was detailed, which would make it easier to
understand how to build and maintain a collaborative environment. Most of this information
will be used to design and implement the environment of the final test as well as help
understand what to look for if we observe the participants. But mostly this also means that it is
important for us to understand how people communicate to gain the knowledge needed for
lessening misunderstandings and miscommunication between the participants, as this, with
our new knowledge, would be damaging for the collaborative process.

2.1.1 Payoffs and downsides of Collaboration
Building upon the knowledge from the collaboration and cooperation section (2.1), which
defined the two concepts and a few aspects within collaboration, this section will investigate
the subject of the advantages and disadvantages of collaboration, which is intended to gather
the knowledge needed to understand possible outlying test results.
In collaboration the largest payoff is having several personalities discussing the issue or task
at hand. This can generate several positive effects compared to a single organization or
personality. By having more than one person, new connections can be made by the
interpersonal relationships, these new connections can appear more often if the persons
involved are swapped with new individuals to create new connections based on their input,
experience and perspective. If the collaborative effort involves users who have no relation to
each other, then they can still generate a great effort, though to start the process they will
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need a push to begin with, compared to users who already have a predisposed foundation
(SchindlerRainman,

1981).

An

apparent

strength

of

having

multiple personalities

collaborating is that they can have several different skills, experiences, personalities, lifestyles
and types of knowledge. This will promote the collaborative effort and invoke a higher amount
of creativity for the group as a whole, and will therefore have a larger amount of resources
and perspectives. With a collaborative effort, members will often question each others
theories or perspectives, not in a condescending way, but as a part of the process to move
towards the goal of the collaboration (SchindlerRainman, 1981). The questioning will often
improve theories, perspectives etc. because other members can offer a unique perspective
where a single person can only reflect on the internal knowledge, which will create a greater
variety and dynamic of the ideas. Another positive aspect of the questioning is the
encouragement of change and it will increase the chance of taking risks which have a larger
chance of being upheld because of the variations of viewpoints (SchindlerRainman, 1981).
There are of course downsides of collaboration where the partnerships pertained have some
foreseen consequences, which single individuals or organizations do not suffer from. A large
part of the downsides of collaboration are in the individual’s emotional fear of losing their
perceived status or their fundamental role. This often occurs when there is a merge of groups
or organizations, if possible it is most optimal if this is dealt with in the early stages of the
process (SchindlerRainman, 1981), but collaborative efforts often distinguish themselves by
not having a hierarchical structure, thus the individuals can pertain their identity because of
the shared leadership.
This section focused on the advantages and disadvantages of collaboration. This has to be
investigated to obtain the knowledge needed to help identify outliers in our test data, since
some of these downsides may exist in a collaborative effort, which could be the reason for
some outliers. With this knowledge we can improve the collaborative environment which we
aim at creating for the purpose of stimulating the positive effects. The inner workings of a
collaboration needs to put into the context of how two or more individuals come to a decision,
therefore the next section will delve into how decisions are made by dissecting the process
itself.
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2.1.2 Group decision making
So far we have introduced cooperation and collaboration in order to gain a higher
understanding of the dynamics between human beings when they are working towards a
common goal. Now we will introduce group decision making, which is important when you are
working with groups, since we want to know how they are making decisions in a group. This
will help us gain an analytical understanding of the process of decision making, thus giving us
opportunities to gain essential knowledge regarding the inner workings of said decisions.
When users are working together in a collaborative process there are a lot of decisions that
have to be made. This can often present conflicts as opinions may differ, and a compromise
may not be the desired result for either party. This subject can become quite important when
having to design a collaborative experience,
as these conflicts could be interesting to
either support or prevent.
Corfman and Lehmann (1987) write about
the inner workings of cooperative group
decisionmaking. They propose a set of
conceptual models that try to explain the
relations between people and how they
decide on group decisions, what factors that
are in play and so on. When making a group
decision, they write that a decision is a
foundation of power and influence. Power
had the ability to change a person’s attitude,
belief or behaviour, and in this influence is
then the result of doing so (Corfman and
Lehmann, 1987 p, 2). Power is described as
something that is either used actively or
passively, meaning that a person may
express power without consciously doing
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so. In relation to these concepts they propose a conceptual model, seen in figure 2.1.
Figure 2.1 illustrates the relation between person A’s and person B’s power exertion, and their
conjoined effect on the group decision, through their relative influence. Imagine a situation:
Person A and B are working together to create a product, but they are stuck at a decision due
to a disagreement of action. In the argument person A may consciously or unconsciously
weight the benefit to the cost of certain levels of power exertion, and resource uses.
“Member A will consider three factors in this cost versus benefit analysis: (1) the potential
effectiveness of attempted use of the various power sources A feels are at his/her disposal,
(2) the cost associated with their use, and (3) the value of successfully influencing B.”
(Corfman and Lehmann, 1987, p. 2)

The amount of influence that person A is able to exert is then a result of his resources, these
resources may be many different things, which often differ from situation to situation. In the
situation of a collaborative design setting, the most prominent resources may be things such
as expertise, credibility, etc. though it could also be social aspects. If A considers B indebted
to him, this may help him influence B more.
Some resources for the persons can be far more expensive if they are not renewable in a
limited amount of time or they are a tradeoff of resources which are nonrenewable in the
short term. For example when having to influence someone, a material gift as money, or
some other resource that is renewable in the short term, would be a “less expensive”
resource. While something like trust, which can be hard to earn, or regain if it is broken,
makes other resources, like lies or false promises, much more expensive to use, especially if
the other person is one you care about (Corfman and Lehmann, 1987, p. 3).
Though costs can also be goal oriented. If A values his friendship with B he may be more
reluctant from using certain kinds of power resources. Though these resources are more or
less actively used, and there are also passive uses of power. These often come from other
kinds of resources as attractiveness, status and other physical or social statuses/positions
(Corfman and Lehmann, 1987, p. 3).
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For a project that aims at creating a collaborative environment it may be interesting to hold the
knowledge from this section in perspective. When conducting a test, this knowledge may help
map out why groups, as well as individuals, acted as they did, and of course this may also
give a better understanding in how decisions are made in the collaborative interaction.
Though another aspect of this knowledge is to use it when designing the collaborative
environment, for example, if a focus is wanted on certain power sources, some design
choices may disable the use of others. For example a person’s attractiveness would not have
an active effect if visibility of this person is obscured.
In this section we have looked at how users discuss and take decisions in groups, how they
weigh pros and cons when they have to make a decision. We have learned that there are
many undergoing processes when users make a decision, which we will have to look for when
conducting our test. Next we will delve into how communication works both in a verbal and
nonverbal manner.

2.1.3 Communication
This section will focus on the process of communication between people. This focus has been
chosen to give a perspective and understanding of the processes and implications of
communication. Though with that being said, communication is a large subject with many
layers. Communication between people goes way beyond just the said word, but in this
chapter only a number of aspects will be explained, because these aspects are seen as the
most necessary. It is our hope that by investigating these aspects, a better understanding of
how and when misunderstandings may occur, and the difference between face to face
communication and communication through a media is unveiled. This perspective has been
deemed important as it is information that can help us understand the two situations we want
to compare, an interaction through a TUI and one through a GUI.
People tend to use several layers to convey their position and meaning when communicating.
With this in mind, it quickly becomes apparent that a message could mean many different
things in different contexts and if said in different manners (Hartley, 1999, pp. 2425). In this
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section there will only be a focus on a couple of layers; social perception, codes and body
language.
Peter Hartley (1999, p. 36) defines social perception as how each side of a conversation
views each other. This has an effect on how they relate and act to each other, for example a
person may speak differently to someone they see superior to them, rather than someone
inferior. This is especially interesting in a collaborative context. As mentioned earlier in the
Group decision making section (2.1.2) a person’s influence decides the amount of ‘pull’ in a
decision making process. This means that in a context of a decision making process, if person
B sees person A as superior to him in the current context of their interaction, he may be more
inclined to comply. This could in turn also change their communication, where A may
suddenly be the main sender of the conversation, and B the main receiver. This could lead
the collaboration to become rather one sided as A’s influence would undoubtedly become
much stronger than B’s.
The concept of social perception gets a bit more interesting when you also take codes into
account. Hartley (1999, p. 126) defines codes as a system of words that may differ in
meaning if the code is not understood. For example a programmer may have a specific set of
words and code that has a meaning that only another programmer would fully understand. For
example a programmer may explain a couple of lines of code this way:
“It is just a simple double for loop, which I use to run through my three dimensional array that
holds the colour values of my image”
To another programmer this sentence would make fully and perfect sense, though for
someone who does not know how to program, half of the words may make little to no sense at
all. This may also differ in levels, a very experienced programmer may have a more varied
code that he can utilize in his communication that a lesser initiated programmer may not
understand. In the context of our design, this may mean that if participant A sees participant B
as something he is not, A may end up using code that B could misinterpret or just simple not
understand. This would clearly have a negative effect on the efficiency of their collaboration.
Lastly, body language covers a set of nonverbal communication efforts. Or in other words a
way of connecting context and communication. Body language is usually done through
gestures, movements, facial expression or even posture (Duncan, 1969). This represents a
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level of communication that transcends beyond that of just the spoken word. This would, in
theory, also help make the communication between participants more efficient. For example
take two different situations, one is of a face to face context, the other is a context through a
media (which could be anything, a phone, a computer etc.). Participant A has to describe a
position in the context of their interaction to participant B (in a game this could be a literal
position on the game board). In the face to face context, all A would have to do would be to
point, while in the other context he would be forced to try and describe the position with
words.
Different aspects of communication have been described and discussed. Most of these, social
perception and codes, have been investigated to get a better understanding of how and when
misunderstandings can occur, and how a conversation functions between two participants in
the context of a collaboration. In the last part of the section there was a focus on body
language, and its importance for the understanding and the efficiency of a conversation. This
would for our design be an interesting aspect, as it seems that designing an interaction that
allows for the use of body language may have a positive effect on the participants interaction.

2.1.4 Collaboration design patterns
By now we have investigated how people collaborate, cooperate and communicate, which
now leads us to what could support the collaborative effort of the game. We want our game to
make the users collaborate, so we looked for design patterns which would support all the
research mentioned above and would be beneficial for us as guidelines, instead of just trying
to make users collaborate about a random game. Reuter, Göbel and Steinmetz (2014)
describe a lot of design patterns that support our current research. Below we list a short
description of each pattern we deem necessary for our product.
Parallelization is when players are working together to work more efficiently, i.e. it could be
done alone, but working parallel would most likely be faster. Parallelization is based on
voluntary collaboration which does not need a lot of communication or timing and must be
seen as something beneficial in order to occur.
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Dependency is when players are dependent on other players. A player’s mistake can hurt the
rest of the players. It requires a lot of communication and timing, which can occur extremely
frustrating because of the dependency on other players.
Joint Decision Making gives the players a joint decision with some kind of outcome, i.e. it lets
the players communicate and negotiate on what to choose in a given situation. It will require a
lot of communication and time, and can slow down the game depending on the type of game.
Information Exchange Guide requires a player to react on information provided by another
player. It requires a lot of communication and timing, and can easily be coupled with
dependency.
Shared resources is where many objects are available for all players at the same time, while
they are being shared.
Teambased Rewards benefitting others while benefitting the player himself.
We deemed both Teambased Rewards and shared resources to be more beneficial for
measuring the collaborative effort, but the downside is that players will not be rewarded
individually ingame, because making them beneficial individually seems more consistent with
cooperation.
All the above designs are regarding how the collaboration is occurring in a game but are
wildly different when designing and playing. This can be very useful when designing the
game, as they function as guidelines for a collaborative experience and could be used when
designing the game furthers the collaborative effort. If the game is more collaborative, then
the differences from a GUI and a TUI will be easier to measure. The reason why some of the
game design patterns have not been included, is either because they do not support our
research as they are beneficial for unique genres, or they conflict with the chosen patterns.
In the first half of the Analysis chapter we have delved into how collaborative efforts can
commence, how they can become optimal in regards of circumstances, what the process is
when making a decision, how communication works in general and how a game can be
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optimized for a collaborative effort. In the second half of the Analysis chapter we will delve
into how designs work for the purpose of making TUI’s and GUI’s, and how testing can be
performed with these two interfaces. In the next half of the analysis we will delve into
Interaction design, which contains different design aspects that we have investigated along
with what makes a GUI and TUI unique in their own sense, and lastly it contains a test for
inspiration to when we are going to test our problem statement.

2.2 Interaction design
The previous sections have been about how humans interact, how they communicate with
each other, how they cooperate and collaborate. This has an affect on how our interface
should be designed so that the users will be able to use it effectively and collaborate at the
same time.
At this point the question is how do we create an optimal design, how does the TUI work
compared to a GUI and what are the differences. This section is about getting an
understanding of what interaction design is, what GUIs and TUIs are, and how design
principles can be used while developing an interactive product.
The key in interaction design is about diminishing the weaker features of a product, while
increasing the stronger features (Rogers, Sharp and Preece, 2011, p. 2). It is about how to
create interactive products that assist us in how we communicate and interact in our everyday
lives (Rogers et. al., 2011, p. 9).

2.2.1 Tangible User Interface & Graphical User Interface
In order to find the distinguishing differences in how collaboration is affected when using a
TUI and a GUI, we need to know how introducing physical objects to an interface as input
impacts the overall use of an interface. This includes how controls are changed, how the
interfaces are being used and what other core differences there are. After a short introduction
the GUI and TUI will be explained and the two interfaces will be compared.
Ullmer and Ishii (2000, p. 1) talk about two different realms when speaking of UIs; physical
environment and cyberspace. In this section the cyberspace will be the main focus, however
there will be bits of the physical environment explained as well.
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For some time the only UI was a GUI, which easily can be associated with computer
interfaces. As we know, the computer takes input from different elements, such as a mouse,
keyboard, joystick etc. and then it is represented as output on a screen. This is the simple
way of describing the GUI. A new kind of user interface began to surface around the 90’s,
called TUI. There are many ways to describe TUIs, but the basics of TUIs are that you merge
cyberspace and the physical environments together, which creates a new way of
representation and control over your data (Ullmer and Ishii, 2000, p. 1).

2.2.1.1 GUI
In figure 2.2, you can see a model that represents an overview of a typical interaction model.
This is showing the GUI interaction, where your control (input method) is only scratching the
surface of the physical environment, this is either a mouse, keyboard, and joystick, etc. this is
the input the system (model) takes. Then the system (model) outputs the information on e.g. a
screen (view), so it is visible for the user.

Fig. 2.2 A representation of a traditional GUI

2.2.1.2 TUI
Ullmer and Ishii (2000) represented their own interaction model for TUIs, which can be seen
in figure 2.3. In the interaction model for TUIs they present their characteristics of tangible
interface, namely; control, physical representation (repp), digital representation (repd) and
model (system).
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Fig. 2.3 – interaction model for TUIs

Repp is coupled with underlying digital information, which corresponds with the system
(model). This is one of the biggest characteristics of TUIs, being able to represent digital
information with a physical object.
Another big characteristic is being able to affect digital information on the system (model) in
the physical environment. Repp embodies the mechanisms for the interactive control, and
thereby being able to control the interface in the physical environment.
TUIs rely on a balance between repp and repd. While physical elements, such as the
controls, are a defining factor of the TUIs. Repd also has a vital role, which is presenting
dynamic information, processed by the underlying system (model).
A good example of a TUI is mediaBLOCKS. mediaBLOCKS uses small physical blocks that
serve as physical icons. These physical icons have different abilities, they can contain,
transport and manipulate information given to them. mediaBLOCKS works with media input
and output, such as video cameras, projectors and printers. This allows the digital information
on the blocks to be copied and pasted into a media display, like a screen so you are able to
see it. In figure 2.4 you can see a picture of mediaBLOCKS.
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Fig 2.4. Picture of mediaBLOCKS

2.2.1.3 TUI or GUI
When speaking of TUI there have been many theoretical assumptions on whether, e.g. a TUI
is more “natural” and therefore more suitable for learning and supports facetoface
collaboration, and is therefore more enjoyable (Marshall, Rogers and Hornecker, 2007). When
speaking of theoretical assumptions, there is one major advantage of TUIs on tabletops, and
that is that they support synchronous colocated collaboration (Xie, Antle and Motamedi,
2008, p. 191). Rogers, Sharp and Preece (2011, p. 207) talk about which benefits TUIs have
in humancomputer interaction, compared to other interfaces, such as GUI and penbased
interfaces. They mean that users can get more creative, since they have a physical object and
some kind of digital representation, along with being able to work together with other users
and solve problems better. When reading through some articles, you almost always stumble
upon the authors having theoretical assumptions on how/if TUIs are better than other UIs. We
have made our own assumptions and we are going to try and answer our assumptions, to see
whether they are correct or incorrect. We use a TUI because we also believe that there is a
certain amount of collaboration and communication when being able to communicate
facetoface, rather than communicating through two separate screens, via a Voice over
Internet Protocol (VoIP) application, such as Skype. We believe that two vital factors are
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missing when communicating via VoIP, those factors are body language and facial
expressions.
When creating our prototype we will now be able to create a more suitable prototype for our
project. We have specified some general differences within the area of GUI and TUI, which
will help us understand the dynamic behind a successful TUI

2.2.2 Testing proposal
As we have obtained knowledge regarding collaboration and interaction design, we are
starting to approach the Design chapter, where we need to design a prototype. It can be quite
important to acquire knowledge regarding how we can test future iterations of our prototypes.
As we need to test the comparison of GUI and TUI, we tried to find similar comparable tests,
and we found Xie, Antle and Motamedi’s (2008) test, where they compare UIs. They have
also used a physical user interface as well, which we will not address in our test. We will use
this test to draw inspiration to our own, but also see what seems either redundant or
unnecessary.

2.2.2.1 Measures
Xie, Antle and Motamedi (2008) are testing their theoretical assumption, which is “How
interface style affects children’s enjoyment and engagement”. They used three different
interfaces for solving jigsaw puzzles. They used a traditional physical user interface (PUI)
cardboard, a GUI and a TUI. They used a prequestionnaire to collect information regarding
their participants, computer experience level, interest in jigsaw puzzles and preference on
image themes (Xie et. al., 2008). They recorded the participants from start to finish, to e.g.
observe if one of the participants quit before the other, and counted number of times they
began and completed a puzzle. A postquestionnaire based on a modified Intrinsic Motivation
Inventory (IMI) was used, and a rating scale based on the Smileyometer was used as well.
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2.2.2.2 Setting & Participants
It took place as a museum in Vancouver called, Science world, where 132 children were
recruited. The only requirement was that they had to be between 7 and 9 years old and speak
English fluently. They were assigned to one of the UIs.

2.2.2.3 Procedure
Each session was 30 minutes, this time included the pre and postquestionnaire. The
questionnaires were verbally administered to mitigate for variation of reading skills and to
ensure they understood the questions. Before the actual test, they were asked to do a
prequestionnaire, and then showed to a puzzle and told to solve it together within 15
minutes. After the 15 minutes they were asked to do the postquestionnaire. They paired the
children into 66 groups of two, so that 23 groups consisted of boys, and 20 groups consisted
of girls, where 23 groups were a combination of a boy and a girl.
After the test was done they divided the information into two groups, quantitative and
qualitative. In the quantitative they measured: Enjoyment, Engagement and gender. In the
qualitative they measured: Collaboration, Physical Manipulation, Integrated Representation,
Spatial Strategies and Preference.

2.2.2.4 Test summary
They found that the children reported that their enjoyment was the same on all the UIs,
however the children took longer time and had more difficulty with the puzzles on the GUI.
They think it might be due to a single user access. More pairs played a second game on the
PUI and TUI, and they interpret this as an increase in engagement.
Their thoughts about the reason that the children were having more difficulty with the GUI was
because of the single user access, and this is something that we want to avoid. This tells us
that the users of our prototype should be able to interact with the GUI at the same time. What
seems an oversight by them is that they concluded that the GUI was less engaging and did
not take into consideration the difference in how many could use it at a time.
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In the test they tried to avoid the order effect, which is where participants try one interface
before another and this can create a bias, since test subjects can have different views on an
interface or they change their actions based on the knowledge acquired from trying the prior
interface. They did this by having the children use only one of the three interfaces, then they
compare results of different subjects, this makes it seem that they deemed all the children the
same, but at the same time they avoid the order effect and it can be possible to base the
results on tendencies, and we could get a variety of personalities try the products, since it is
less time consuming to make test subjects try two interfaces.
A few things we can draw from is having a lot of test subjects, we might not achieve such a
high number, but we can strive towards it for better data. Another great thing they did was to
record everything while the children were solving puzzles, this is great for analysing the
children's behavior, body language, the amount of collaboration etc. We will most likely not
use constrained time limits for each sessions as they did, as the extra data from each
participant can instigate new observations. They divided the children into subcategories of
qualitative and quantitative, we will most like strive to just have a single group, focused on the
qualitative aspects.
By drawing inspiration from similar tests we can avoid simple mistakes which does not prompt
us additional unnecessary iterations of our own test structure and we have learned, what to
keep an eye out for.

2.2.3 Design principles
For the purpose of designing a good prototype we need to have guidelines of how users are
affected by the product’s design, this involves how a prototype looks, feels and how a
designer can meet users expectations.
In order to do this we will follow six design principles from interactive design, this covers the
concerns of creating a product that is good, meaning that it is easy for the user to understand
and utilize, and that it does what it is suppose to do (Rogers et. al., 2011, p. 3). Rogers, Sharp
and Preece (2011) introduce six design principles that were invented by Donald Norman
(2002, pp. 2530), which are intended to be used for designers to develop a better product.
The six principles are as following:
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Visibility is regarding the features of a design and how it should be visible for the users,
because if users do not see the switch for turning off a lamp, how are they supposed to know
what to do?
Feedback is about giving the users some feedback on their interaction with a product, making
them aware of what they have achieved. If a user presses a button for an elevator, then it
usually gets lits up with a color, which tells the user that the button has been pressed. If no
color would light up, if no feedback was given, then the user would not know if the button was
working.
Affordance is not about something being affordable by having enough money to pay for it,
but it means to provide something. Think about the volume knob of a speaker, it provides the
user with the idea of the knob being turnable, which also can be said that the knob affords
turning. Don Norman (2002) point out that products can have different affordances where e.g.
a chair affords sitting, but it can also be grabbed and therefore affords grabbing.
Mapping is how the design visualizes the functionality. An example of a system that usually
lacks any kind of mapping would be of light switches in a room, often their placement and
what light they operate has no relation at all, rendering the user guessing. An example of a
good mapping can often be found on most remote controls for their volume buttons, where the
upper most button is usually an increase in sound, and the lower a decrease.
Constraint means to restrict some kind of function, but that does not mean that it is a bad
thing. Think of our volume knob that has a volume from 0% to 100%, then it would make
sense that you only could turn it until the volume reaches 100%. If we could keep turning it
after we reached 100%, then maybe we would think that something else should happen.
Restricting certain features can create a better product.
Consistency refers to using the same patterns for things that have similar functionality,
because that makes it easier for users to recognize what it is and how it is used. A typical
example is a computer mouse, where almost all mouses have a left and right button that have
the same functionality.
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This project will include one or more prototypes that have to be used for testing. With these
design principles we now know how we can create an optimal design and how it is possible to
optimize the feedback for the users.

2.3 Summary
In this chapter we have delved into what makes a collaborative effort, how does it differentiate
from a cooperative effort, how can a collaborative effort become more efficient and what
potential downsides exist. We have obtained a higher insight in which mental buttons we shall
press in our test subjects in order to promote collaboration in our test. Besides this we have
delved into a variety of collaborative design patterns, along with unique design principles.
When the problem statement will be tested, we have decided to make comparable tests
between the GUI and TUI, which in this chapter we have discussed on a basic level.
Furthermore we sought inspiration to look how it would be possible to test such interfaces.
Based on our findings, we have learned that there are numerous different factors to
accommodate in order to create an appealing product to the user. We have established a list
of design principles which will be imperative to keep in mind when we move into the design
and implementation phase.
The next chapter will firstly describe the process of creating initial prototypes for early testing
along with a description of how the test went. Afterwards we will go into the knowledge we
learn from said test and apply this into the final design. We will also describe how these
overall principles will be implemented to the final TUI and GUI in order to prepare them for the
final test. Finally we will showcase our Tower Defense game which the prototypes utilize and
explain the game principles used to create and engaging and interactive game experience.
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3 Design
At this point the necessary inner workings of a collaborative effort has been investigated, and
this newly acquired knowledge needs to be applied in the right context. In this chapter we will
utilize MoSCoW with lists of the overall features of the product which will be updated
throughout this chapter. In the first section we will go through how the initial prototype should
be designed, which design choices we chose and why. Then we will go through how it should
be evaluated and the results from that evaluation. Afterwards we discuss the remaining
features of the initial prototype, the MoSCoW list will be updated in relation to the test results.
Lastly we will go through several features that will be designed and explained. The features
designed are needed in order to test our problem statement in the best possible way.
We asked ourselves a few questions before starting to design and implement a prototype.
The main purpose of this project is to get an answer to our problem statement, but there are
some questions that we would like answered before evaluating the final problem
● How do users interact with the interfaces?
● How does the users general communication differ between the two interfaces?
● Does the communication flow differently between the two interfaces?
● Do the users express their body language differently depending on which interface
they utilize?
● Do the users express emotions differently between interfaces?
● Is the user’s task too trivial in order to promote communication?
● How does the physical object influence the user interaction?
● Could there be any significant differences in our GUI and TUI that can make our final
test biased?
We will try to use these questions to design and implement initial and final prototypes. Finally
in the Discussion chapter we will see if we have answered them sufficiently.
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3.1 Initial design
In this section we will create an initial prototype where we determine how similar we can make
the GUI and TUI, to avoid certain biases in the final test, where the inherent strengths of each
interface are separate. The two interfaces will be different but they must be as close to each
other as possible, visually and in functionality, but not in how the participants will interact and
communicate which are the separatory factors of the interfaces.
Before asking all of the questions above we needed to answer a few of the questions in order
to sufficiently answer the rest. Specifically questions regarding the functionality and the
comparability of the interfaces. i.e. the following two questions:
● How do users interact with the interfaces?
● Could there be any significant differences in our GUI and TUI that can make our final
test biased?
If we get an answer to the two questions, then it can help us make our evaluation of the
problem statement more accurate. We also have to develop two different user interfaces, a
GUI and a TUI. This means that the two interfaces should have the same functionalities and a
stable version of both UIs are needed. If the two versions are not stable, then it can give us
biased test results, because if one of UIs is much better developed than the other one, then
the test subjects will most likely prefer using that one.
In the following section, we will go over our design for the initial prototypes and how we plan
to implement both the developed software, The implementation of the initial design can be
found in initial implementation section (4.2) in the Implementation chapter The overall concept
for the game connected to the prototypes will furthermore be described and argued over why
it is has been chosen for this project. After the prototypes have been created we conduct a
small test to evaluate whether they are similar enough in functionality and if they maintain
their individual strength.
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3.1.1 Design
As mentioned earlier, it is important to have a solid and well conceptualized design and a
thorough plan for the implementation of the design in order to facilitate a solid initial test and
collect valuable information. In the previous section we went over the initial thoughts for the
current section and made overall questions for ourselves regarding our choices of GUI and
TUI, and which choices we have to make in order to facilitate a collaborative experience.
Since it has been chosen that the project will revolve around a game, this initial section will be
about what kind of game we will make for our test, and how it will be designed as a prototype,
which will partially be based on knowledge gathered from the Analysis chapter. The initial
design will thereafter be evaluated in order to get some feedback on our idea, and on what
should be changed before making the final design.

3.1.1.1 Game concept
It has been decided that the game will be a Tower Defense (TD) game, where users will be
able to place towers and walls in the game environment in order to defend their base from
enemies that will try to attack it from all sides.
The reason why a TD game was chosen is because it is quite simple, it does not have too
many rules and it relies on strategy, observations and resource management. When the game
revolves around these aspects, it is theorized that the users will have a lot of chances to
discuss, make decisions together, and share each other’s viewpoint or observations.
Since we want our game concept to be a TD, we have to established some requirements that
our game and prototypes should have. We use a model named MoSCoW and our
requirements is shown in table 3.1.
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Table 3.1 - MoSCoW prioritization list for our game and prototypes
Must have

Could have

●

GUI version (with multiplayer)

●

Animated enemies

●

TUI version

●

Instructions (tutorials)

●

Enemies

●

Start menu

●

Walls

●

Multiple enemy types

●

Towers

●

Texture

●

Resources

Walls,

●

Game feedback

towers.

●

Interface feedback

Should have

and

animations

on

core,

enemies

and

Won’t have

●

Minimap

●

Detailed graphics.

●

Able to sell towers and walls

●

Better tripod.

●

Score system

●

Sound.

●

Able to place towers on walls

●

Difficulty settings.

●

Tower variations

●

GUI  Pingable minimap

●

Different maps

These requirements are used as guidelines to what has to be designed and implemented
through this project, where the most important things for getting the UIs and the game working
together will be implemented in the Initial design of the development, and the rest in the final
iteration.
We have defined our game concept and made some requirements based on what we think
our game should obtain. This will help us further down in the User interfaces section (3.1.1.2),
since we will be designing the game and the interfaces for each prototype.

3.1.1.2 User interfaces
As mentioned in the Introduction, we want to know whether or not it has a collaborative effect
on a game if you implement a TUI. To be able to test it, the TUI and GUI should be
comparable, however the initial test should determine, based on user feedback, if the GUI and
TUI is comparable.
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GUI
The users will interact with the game with simple mouse controls, e.g. select a tower and then
place the tower on the map. They are controlled in the same manner to ensure consistency in
the control scheme. The towers and the wall will have a button each, which the users can
press with the mouse, where there will be a green box indicating that they can afford it, and
red if they cannot, which will increase the affordance as mentioned in Design principles
section (2.2.3) in the Analysis. Hopefully this will enable the device to provide enough
feedback to the users and it will become necessary to have a money counter for extra user
feedback as mentioned in the Design principles section (2.2.3) in the Analysis.
There will be a menu where you will be able to purchase towers and walls, this menu will also
contain a sell function, which enables you to sell your towers and walls, if the person miss
clicks he will be able to sell it. The GUI version of the prototype runs on a computer. The code
in itself consists of a few scripts embodying the features of tower placement and choice. A few
of these will be described to give an idea of how the prototype was made.

TUI
The TUI version will have the image of the game projected on a table and will use a camera to
read the input of what has been placed on the table. The way the towers and walls are placed
on the map is done by putting colored blocks on the table, which can then be captured
through the camera. The camera sends the input to the computer that processes the
information and projects the game to the user. A sketch of how the TUI version might look like
can be seen in figure 3.1. Opposed to the GUI version, the users will be able to grab a
physical object and place it on the tabletop at any time. As mentioned in the Design principles
section (2.2.3) in the Analysis, the users will need some kind of visual feedback when they
have enough resources to actually place a tower or wall.
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Fig. 3.1 A visual presentation of the TUI.

The next step is to use this initial design of our prototypes to get some answers on some
questions with an initial test.

3.1.2 Evaluation
By now we have gone through the basics of how our UIs should be designed, but we cannot
be completely sure that this is the right way of doing it. This section will therefore include our
initial prototype test, which will be a test of the UI’s that is made from our initial design. The
purpose of the test is to get an answer on the two questions listed in the Initial design section
(3.1). We want to find out if users can figure out how to interact with our prototype, and if the
GUI and TUI versions are comparable, because we do not want one of the interfaces being
more stable, since that would give us inaccurate results when testing our final problem
statement. This test can also help us discover simple things that we might not have thought
of, which can aid us in creating a better interface for the game.
The curiosity lies in how users interact with our prototypes and if they are significantly different
in any way, which is why our test is inspired by the think aloud method used for usability
testing. Rogers, Sharp and Preece (2011, p. 478) describe usability testing as an approach of
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getting to know if a product is usable for what it is designed for, where test participants usually
are asked perform some kind of task while being observed in some way. They also mention
the thinkaloud method that can be used in usability testing, which is where users are asked
to say everything they think out loud, while using the product.
Our test will partially be a usability test, since we want to know if the functionalities in both UIs
are similar, but we will not ask the participants to perform certain tasks, unless they are
completely stuck and need help to get started. We will take advantage of the thinkaloud
method, where we ask the participants to think out loud while interacting with the prototypes,
because this will reveal their thoughts and can provide valuable data. Test participants will be
observed by an assigned observer during the test, because it is likely that users can have a
hard time describing what they think or do (Rogers et al., 2011, pp. 247249). Not only will
they be observed by the observer, but video and audio recordings will also be used. This
makes it possible to further analyse the results and it might help by discovering things that
have been overlooked during the actual test. The test consisted of two phases, the first part
the participant got to try the GUI while in the second part the participant got to try the TUI.
This was done so, because the GUI better showed what the purpose of the game was at that
point. The reason for why a single participant was set to try out both prototypes was because
this enabled the participant to compare them, which was one of our main interests in the test.

3.1.2.1 Test setup
The whole testing procedure was planned beforehand, where participants had to test the GUI
and TUI. The game was not fully developed yet, which therefore meant that only a simple part
of the game was used with the prototypes, where it was only possible to buy, sell and place
towers.
The initial test was conducted at Aalborg University Copenhagen. A video camera and a voice
recorder were set up before the participants started to test the user interface prototypes. The
participants started by getting an introduction to what our test was about, they were then
asked to read and sign an informed consent seen in Appendix D. They were first introduced to
the GUI prototype, where they got the a basic explanation of how the full version of the game
would most likely be like, and were thereafter told to just play around with the GUI, and then
the TUI afterwards.
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3.1.2.2 Test results
Here we will present all the data received from the interview and observations, the results
which we deem important will be mentioned here, but the interpretation and how the
information is conveyed will first be used in the next chapter, which is Design.
The test participants were all Medialogy students at Aalborg University Copenhagen, between
the age of 20 and 30, these participants were used since they are familiar with basic controls
over a computer and are used to different information conveyed on a computer, it was
deemed that they were quite capable of using the TUI even though it is not common. There
were a total of ten test participants.

GUI
On the GUI prototype, the test participants were in doubt of where the enemies would come
from, as the perspective was not topdown as the TUI, some mentioned that an indicator for
the direction of the enemy spawn points would improve the game. They were also in doubt
whether they were able to place more towers at once, or if you had to go and click on the
menu each time, while some wanted the ability to hold shift down to place multiple towers,
without clicking the tower button multiple times.
The test participants said that they were missing feedback when they placed a tower,
additional information regarding the resource cost of the towers and when they did not have
sufficient resources. Some of the participants requested that the cost of the tower popped up
when the tower was placed, to give feedback, which would remind the users that they were
spending money.
Because of the lack of feedback regarding the resource management they became aware at a
later point that they had a limited amount of gold, when the placement of the tower became
red. One mentioned that the sell function was not precise enough.
Some seemed annoyed that they had to reclick the same button after they had built or sold a
structure. On a side note we observed that the participants strategized right away.

TUI
The test participants thought the TUI prototype was intuitive, and faster to use than the GUI,
however it was slightly more difficult to place the towers on the TUI. One test participant did
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not like the grid and requested that there was more freedom of movement, while others
enjoyed the grid, the same person requested that the physical objects should have
characterlike objects, such as miniatures, while others just requested simple indications of
what the physical objects were, such as a symbol on a block of a tower. Several participants
enjoyed the immediate feedback after the blocks were placed, because the blocks lit up.
Some discovered the pause button we had made, which should not be available to the player.

Overall
The majority of the test participants thought that there was no significance difference between
the two prototypes they used, however they felt that their actions were faster on the TUI, and
more fun. On the TUI the test participants had a difficult time seeing what the physical objects
were. On the GUI the test participants had trouble seeing where they were able to place
towers and walls, and with using the sell function.
The test participants felt they received more feedback on the TUI than the GUI, and it
reminded some of the participants of a board game, which made it easier. A test participant
was confused about the colors that got projected on the TUIs physical objects. Several
participants requested better feedback on the resource management system, and wanted
indicators of where the enemies came from. Several thought that they had a better overview
of the game on the TUI because the camera was topdown compared to orthographic view of
the TUI.
On a positive note the test participants strategized by making mazes even though there were
no enemies at all.

Test conclusion
The test itself went as expected, with minor errors which did not have a large impact on the
test, the test were pretty straight forward since it was quick and dirty. The information gained
from the test was simple, and much of it was not exactly what we were looking for, though we
did get some information that was useful for further development. Most of the results indicated
things that we already had assumed, and though this did not bring anything new to the table,
it was still good to have it confirmed.
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During the test not much went wrong, though two sound recordings were lost. There was an
attempt to recover some of these sound recordings through the sound from the video
recordings, these were slightly inaudible, but still useful. This meant that only 8 out of 10
sound recordings were fully used. Aside from this the only other things that went wrong were
a few wrong calibrations and the like, which were caused by the suns change over the day,
this means that we should use an independent light source from a lamp. In the end we did not
go through many participants, but for the purpose of the test the amount of participants would
suffice.
In this section we have gone through how the initial design should be designed and how we
tested the initial prototype. The information obtained from the test results and the experience
we gained from the test will be used to create a final design, which will be used to create our
final prototype. Next we will go through how the final design, remaining design choices from
the updated MoSCoW model. Furthermore Final design will include changes to gameplay,
improvements to the TUI and the GUI.

3.2 Final design
In the last section the initial test was performed which determined how similar the GUI and
TUI were. The changes and experience gained from that test will be applied to the MoSCoW
table. The final design will have the remaining functionalities regarding collaboration
implemented.
In this chapter we will start with updating the MoSCoW with the changes and the reasoning
behind them, then we will go through how the gameplay functions and why it is important for
the purpose of testing the collaboration, which will lead into the Implementation chapter.
In table 3.2 you can see what was done in the Initial design of the game and prototypes, and
what we will strive towards in this chapter for the purpose of being used in the Implementation
chapter, as a prioritizational checklist. The table will not include the minor changes applied,
since there are many, but it will just include the new and remaining features.
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Table 3.2 - MoSCoW list after Initial design. Items with strikethrough have already been implemented.
Must have

Could have

●

GUI version

●

Animated enemies

●

TUI version

●

Instructions (tutorials)

●

Enemies

●

Start menu

●

Walls

●

Multiple enemy types

●

Towers

●

Texture

●

Resources

Walls,

●

Extra Game feedback

towers.

●

Extra Interface feedback

●

Apply multiplayer to GUI

●

Change the camera of the

and

animations

on

core,

enemies

and

GUI
Should have

Won’t have

●

Minimap

●

Detailed graphics.

●

Able to sell towers and walls

●

Better tripod.

●

Score system

●

Sound.

●

Able to place towers on walls

●

Difficulty settings.

●

Tower variations

●

GUI  Pingable minimap

●

Different maps

As mentioned, a few things have been modified and added, but we also knew that test
participants from the initial test would comment on some of the thing that yet had to be
designed and implemented, but they came up with some ideas on how some of these things
could be designed. The next section will describe the gameplay and how it concludes with the
research acquired so far, how the game should work, and why we made the decisions
regarding the Final Design.

3.3 Gameplay
As mentioned in the Initial design section (3.1), the game we create will be a TD game, and
the basic functions for buying, placing and selling towers were implemented for the initial test.
The feedback we received from our users was processed into specific changes to the
gameplay, which will be described later in this chapter. The following section will therefore
explain how the overall game design is developed.
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3.3.1 Overall concept
As mentioned above, the prototype will be a platform for a TD game. In its very core concept,
a TD game is designed in a way so you are supposed to defend a certain point on a map from
incoming attacking enemies, and it can often be based on a multiplayer aspect, so several
people can collaborate at the same time to defend the base. We have also chosen that our
iteration of the TD genre will be a multiplayer game, where two players will be able to
collaborate in order to defend our chosen point of interest, which is a core surrounded by a
castle.
A basic sketch of GUI can be seen in figure 3.2, and a basic sketch of the TUI can be seen in
figure 3.3.

Fig. 3.2 Sketch of the initial game on the GUI, the menu in the right side will be changed for the TUI, so it is
readable from both sides of the table.
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Fig. 3.3 Here is a sketch of the TUI interface, here the menu can be seen from both sides if the participants
stands on the left and on the right, the variety of colours represent the towers and walls.

We want to allow the players to be able to play together on two separate computer, and
therefore we need to implement a Network function, we want to do this to provide an
environment that appeals to joint decision making between more than one player. It is our
assumption that it will create some spontaneous conflicts and negotiation system during the
gameplay, since it is very possible that the different players want to use different strategies in
order to vanquish the incoming enemies. This way it will be interesting to see if one of the
players will take charge while the other player just follows orders, or if we will see arguments
between the players. It will be fascinating to see if they will be able to reach a compromise
and experience the revelation of a joint decision process.
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Ultimately it will be very interesting to see if the choice of interface will influence this
negotiation process. It is a clear goal to find out whether it will affect the whole process if the
game is played on a TUI or a GUI.
The players will have to keep improving on their base with three tower types and one type of
wall, which will be bought with an ingame currency, that adds additional topics of discussions
regarding resource management. This currency is obtained by killing enemies that keep
spawning, so it is very essential that the players find a strategy where they get all the enemies
killed before they reach the core. The game will most likely also have a running score system
implemented that reflects how long the game progresses.
We are not focusing on creating collaboration, but we are trying to discover the key
differences between the GUI and TUI, since we are investigating what effect collaboration can
have on a TUI. These key differences can for example be in relation to how decisions are
made, how their dynamics change, how body language affects collaboration, and how payoffs
and downsides arise.
The overall game concept has now been explained, which gives an insight in what we are
trying to create. In the following sections, we will go over the feedback we received from the
initial test and showcase how we will use this feedback to change and tweak our game in
order to improve the gameplay experience.

3.3.2 Gameplay adjustments and additions
In the prior section the details for the game were discussed as well as to why these choices
were made in relation to our findings in the Analysis chapter. This section introduces the
results from the initial test and the changes that need to be accommodated. These changes
will be explained in detail, as to why they are needed and why specific solutions are chosen,
which will be based on information from both the Analysis chapter and the initial test.

3.3.2.1 Feedback
Feedback is one of the key components that we have quickly realized is essential to get
implemented in order to enhance the playing experience for the users and make it as
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enjoyable and as streamlined as possible. A feedback system consists of various things that
we will cover in the following paragraph.
Quite a lot of the participants pointed out that the prototype was missing a feedback system
for when you place towers within the game, both on the GUI and TUI. The feedback system
will involve quite a lot of things in order to make the experience as interactive and intuitive as
possible. First of all, a lot of participants were asking for a way to see the price of a tower,
since they found it confusing that they did not know how many towers and walls they could
afford. It will therefore be beneficial for the overall gameplay to implement a visual system that
tells you how much gold you are spending when a tower is placed, which could be done by
having the price float up from the placed tower. Some participants also asked for auditory
feedback when a tower or a wall is placed. It will result in a more responsive experience with
our TD game if you receive feedback via sound when you place objects. As an example, this
could be done by applying a construction sound when you place an object, or a cash sound
when you sell it again.
Finally, a lot of our participants were surprised when they suddenly could not place any more
towers on the grid due to insufficient funds. Some method of notifying the player when they
use gold is required in order to make it easier to plan the economy within the game. There are
two options to implement this, and it might even be beneficial to implement both. First of all,
auditory feedback will be advantageous for both when you run out of resources and when you
place a tower or a wall. Secondly, it will also be beneficial to implement visual feedback
regarding your economy when you place an object so you are able to keep track of how much
gold you have spent, and more importantly how much you have left for when you all of a
sudden need some new defenses deployed quickly. This could for example be done by
showing the amount of gold spend over a newly placed tower, fading up into the distance.
Lastly, it was a clear message that the prototype needed a more intuitive and obvious
feedback system regarding which objects are walls and which are towers. The participants did
not find it obvious that the green blocks were walls and the violet blocks were towers. We will
need to make an implementation where towers and walls are symbolized by a more obvious
model respectively, so no one is in doubt which defensive structure they have placed. On that
note, we also need to implement a more obvious projectile system from the towers, since it is
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quite difficult to see the projectiles when they are launched towards the enemies on both the
GUI and TUI.
These improvements will help fulfilling some of the design principles mentioned in the Design
principles section (2.2.3) in the Analysis chapter, most noticeably the feedback principle. If the
player receives immediate feedback when they place an object or if they are limited by lack of
gold, it is our hope and goal that it will result in a much more immersive experience overall.
The adjustments will also contribute towards the visibility principle, since more remarkable
visual feedback will make it much easier for the user to notice the important gameplay
elements and provide a smoother experience. Overall these improvement should benefit
towards achieving a more collaborative experience, whose conditions are mentioned in the
Group decision making section (2.1.2) in the Analysis chapter. If the interface is intuitive along
with being easy to understand and use, the players can focus a lot more on planning tactics
and by that participate in each other’s actions, making the playthrough an enjoyable and
interactive experience.

3.3.2.2 Improved placement
Based on the feedback we received from the initial test, the participants were missing a
function that would allow them to place more than one tower or wall at a time on the GUI,
since they found it annoying that they had to click on the tower button in the menu every time
they wanted to buy and place a tower or wall. The majority of our test participants have played
a TD game before, and in most cases with TD games you are able to hold down a button that
allows the player to place several towers, and this might be the reason why the test
participants thought that the game had this function. The test also showed that the
participants felt their actions were faster on the TUI, so to avoid this difference such a function
will be added to the game.
The results from the test tells us that we need to make it clearer for the users of our
prototypes how our grid placement works, since they were in doubt of where they were
allowed to place towers. We will make the grid visible for the users when they are about to
place a tower, so it indicates where they are allowed to place the towers and walls, this will
provide visibility for the user, so they know what to do, which is also a principles mentioned in
the Design principles section (2.2.3) in the Analysis.
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3.3.2.3 Enemies
We want to give the player some challenges and therefore there is going to be a variation in
enemies, this will hopefully give a balance to the game, not making it too easy or too hard for
the user since we want them to communicate, collaborate and strategize. If the game is too
easy the players might go on autopilot and not discuss their collaborative actions, and if the
game is too hard the players will not even be able to get into a collaborative rhythm, as
mentioned in the Cooperation and Collaboration section (2.1) in the Analysis. Enemies will
hopefully be a good subject to talk about for the users. The enemies will spawn in waves as
time progresses and then there will be a small break in between the waves. The reason for
this break is for testing whether or not it is needed for the user to have some time without
focusing on the enemies, where they instead have time for negotiation or misunderstanding
as mentioned in Cooperation and Collaboration section (2.1) in the Analysis chapter.

3.3.2.4 Minimap
A minimap is used in the games to show the players where enemies are approaching from,
which both enhances the feedback and gives the players room for making decisions, a
minimap is quite effective and is reminiscent of Realtime strategy games, where TD games
originated.
Based on the test results from the initial test we will be adding a minimap to our game, this will
be helpful for the user, since there are going to be many enemies on the map at the same
time, because they will spawn quite rapidly and come from different directions in the game
environment. This also allows us to spawn the enemies away from the core, allowing the
players to make decisions based on tower placement. The minimap is supposed to help the
players by giving them additional feedback regarding the positions of the enemies, which
gives them the opportunity to collaborate and decide what to do before they come too close to
the core. Because the enemies continually spawn from different directions, it is required of the
users to share the observation as well as determine and discuss if the towers need to be
allocated.
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3.3.2.5 Resources
The users will accumulate resources throughout the game and will have the opportunity to
place additional towers and walls to combat the increasing amount of enemies. The towers
can be sold and bought throughout the game to adjust any strategy to the current situation,
however by selling the tower you will not receive the full amount of resources back that it
costed. With several aspects that need to be observed, such as the resources and enemy
spawn positions, the players will be able to share the observation between each other, which
improves their overall chance of survival, where a single personality would have a harder time
keeping track of all aspects of the game.
When the players accumulate enough resources to purchase additional towers and walls,
they have the opportunity to debate and negotiate what strategically is best for the common
goal. Here they can share their viewpoint, which hopefully will create more creative ways of
placing the towers or walls. As they will play two together, it is hoped that the users will also
encourage risky actions or change of strategy as this is one of the observable aspects of
collaboration.
During the initial test, it was brought to our attention, that the TUI seemed rather redundant in
the scope of being a game, since it was not possible to do anything but placing towers via the
physical blocks, and there were no indications whatsoever regarding your economy. When
the TUI is evolved upon, it is a natural step to dedicate a part of the interface to show your
available funds on the TUI and some sort of obvious indication when you spend your gold as
well. It is kind of the same as the GUI, but since it is our goal that you will be very immersed in
placing the physical objects on the grid, it is even more imperative that it will be obvious and
clear how much you spend on the various towers and how much gold you have left. Later in
the Implementation chapter, a detailed description will be provided regarding how this
feedback system will be implemented.

3.3.2.6 Physical objects
Based on the observations and results from the initial test, the participants thought that the
physical objects from the TUI were hard to place. Furthermore the two physical objects that
should resemble the towers and walls were confusing, since the only difference between the
objects was the color. There are two ways we can create more enjoyable and suitable
objects. The first option can be done by creating new physical objects that have an icon and a
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color corresponding to the one on the GUI. For example, the object that represents the tower
should have an icon of a bow and arrow. The second option is to utilize the Kinect which is
already detecting the color of the blocks. When the Kinect has detected the color of the
physical object, it will create an image of an icon to represent what type of game object the
user have placed. For an example, if the color violet represented a tower, and the user placed
a violet object on the TUI platform, then there would be a projection of a bow and arrow on the
violet object.
Either of these options should provide the users with more feedback than before, and
therefore give the users a more enjoyable and streamlined experience, as mentioned in the
Design principles section (2.2.3) in the Analysis. The goal is to create a nice experience when
using physical objects and thereby promoting user interaction.
Throughout this section the results from the initial test were put in perspective and solutions to
many of the problems were addressed. The choices for these solutions were explained
through the perspective of the Analysis chapter and the results from the initial test.

3.4 Summary
In this chapter, our prototypes have evolved from being interfaces where it was only possible
to place towers and walls without any real gameplay to it, into a much more substantial game
idea with various considerations regarding which elements should be implemented in order to
create a game which is captivating and engaging. These various changes will most likely
result in us having a much more solid product, which will promote collaborative experiences to
a much higher degree.
We have gone through the needs for an overhaul of the feedback system in the prototype
along with possible changes to the way you place towers on the grid of the TUI and GUI so it
becomes much more intuitive where you can place your defenses in order to defend from the
incoming enemies.
We went over how it is convenient having a minimap within the game, so the players can
check at all times where the enemies are coming from, making coordination for the involved
players easier and much more efficient to counter the incoming enemies, who have also been
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gone through in the previous paragraphs. Finally we have presented an issue with the TUI,
namely some problems with the participants having issues figuring out where to place towers
and walls in the interface. Work has begun on implementing new physical models for the TUI
to make the different objects more intuitive to use and make it clear what their individual
purpose is.
Following from this chapter, we will look into the actual implementation of the different aspects
and go into detail how this will be done in practice, that being both the coding aspect of the
game and the physical implementation. A detailed overview over the implementation process
will be provided so it is easy and comprehensible to understand the process from a basic idea
for a prototype to a fully fleshed game.
As a last remark, when we move on with the prototype and its development, it is essential to
keep in mind all the time that the game will be used as a tool which will be used to test
cooperation and collaboration on a GUI versus a TUI. Therefore it is really important that the
two different interfaces resemble each other as much as possible. This process will also be
part of the upcoming Implementation chapter.
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4 Implementation
The last chapter described how the product should be designed in detail, the detailed design
will be used in this chapter. In this chapter the technical aspects of the product will be
explained, this includes the tools we used, the physical model, certain game code examples
and the unique aspects of both the GUI and TUI. This chapter will mostly contain technical
details regarding each aspect of the product, such as a lot of code examples, contrary to the
other chapters, which has more weight on research and analysis. The details we deemed
important for the game will be explained with code examples, and the rest of the code is
supplied on the attached CD.
In the GUI section we will describe the unique features of the interface for the purpose of
showing the distinction between it and the TUI. Afterwards the other interface, TUI, will be
described in the same way GUI was, and the variations and strengths unique of the TUI will
be explained.

4.1 Tools
In Initial design in the Design chapter a set of design requirements were listed in order of
importance, and the concept for the game was defined. To further develop the game a set of
tools were used. These tools will be described in this section, as well as their purpose. Since
creating a game that is coupled with a GUI and a TUI requires some work, these tools will be
utilized to organize and realize some of the ideas for the game.

4.1.1 Unity3D
The game is made in Unity3D, which is a crossplatform engine that allows you to create
games or interactive application, where it is possible to write scripts for making objects
behave in a certain way. These scripts can be written in three different programming
languages; C#, Javascript or Boo. We have chosen to use C# for our project, because it is the
language that we are familiar with and are currently using in our semester courses.
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4.1.2 Git
We need a smart way to make sure that we are not interfering with each others work while
developing the prototype, because all of us have to work in Unity at the same time, and this is
where Git helped us. Git is a distributed version control system that allow us to work
effectively without conflicts, because Git stores all our files in a cloud, where we can upload
the changes we make in the prototype without replacing existing files, but merging them
instead so that nothing is lost. This also means that the files can be downloaded on our
individual computers at all times, making sure that there is a backup in the cloud.

4.1.3 Kinect & Zigfu
The TUI requires that some kind of camera is used to receive input for when users interact
with it, and a Kinect has been used for that purpose. Kinect is a motion sensor from Microsoft
that is used for games and applications. It has a natural user interface (NUI), which means
that users can interact with it without using any kind of controller. It is used to get an input
from the player in the form of an image that. A projector is then used to project the gameplay
onto the tabletop of the TUI.
We needed Unity to be able to interface with the Kinect, after some research we found Zigfu
that easy enabled us to download the correct drivers and dll’s to be able to interact with the
Kinect, which makes sure that we can get an image from the Kinect into Unity.
In the this section we have gone through the different tools we needed for creating our game
as well as for organizing the creation process. The purpose of the tools was also discussed.
This was done to give an understanding of the base for our process and the game itself. We
will now go through how the two UIs were implemented, here some code examples will be
shown.

4.2 Initial Implementation
This is section where we will go through the parts of the implementation that was essential to
the initial prototype and was later build upon in the final implementation. The section is closely
coupled with the Initial design section (3.1) in the Design chapter, where we discuss what is
needed to implement and the reasons behind our decisions.
43/118

Group 313

MED3

4.2.1 TowerSpanwer
The towerSpawn method, see figure 4.1 is the part of the script that instantiates an object in
the game. The object will be placed in the position of where the mouse is at the point of
execution. This position is indicated with an indicator object to ensure that the player knows
where the object will be placed (see figure 4.2). The method takes two arguments which
consist of the mouse position, and an integer which is used to determine what kind of object
will be instantiated. Lastly the method also makes sure to disable the script so that tower
placement can only take place under certain requirements (when a UI button is pressed).

Figure 4.1: towerSpawn() method from the TowerSpawner script. From the initial prototype.
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We needed to make sure that players would have resources, which in this case is, to buy
towers and walls, and we created a method for managing this. The ResourcesManager
method therefore makes sure that the gold decrease, when players buy a tower or wall, with
the appropriate amount, the implementation can be seen in figure 4.3. The method takes an
argument which is then used to decide which tower type will be initiated. The method also
makes sure that the indicator (a box which is used to show where the tower will be placed in
the game environment) is turned red if the players do not have enough gold (see figure 4.2).

Figure 4.2: Gui interface, with the red indicator showing that not enough gold is left to buy a tower.

The resourceManager method also makes sure to call the TowerSpawn method mentioned
before, with the appropriate parameters, thus also making sure that the right tower type is
placed in the end.
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Figure 4.3 The above script handles the resources of the player.

4.2.1.1 Physical implementation
In order to prepare for the first real testing session of the prototype, some sort of stand was
needed in order to secure stability for the projector and the Kinect, so every test will be
performed under the same conditions. Figure 4.4 shows the physical implementation.
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Fig. 4.4 This is the stand used for the TUI, the stand is put on a table and needs a certain height to display the
game correctly. On the left side is the kinect and in the middle is a projector.

The stand is made from a wooden buck with metallic legs as the bottom part. This is chosen
to secure as much stability as possible, making the prototype less vulnerable to bumps and
pushes. The projector and the Kinect has to be raised to a certain height in order to make its
projected image as big as needed, so we have chosen to elevate the main wooden board with
four planks of wood underneath, raising the board to around one and a half meter above the
ground. All in all, the design choices have made the Initial design of the prototype solid and
stable, and will be able to secure a testing session as streamlined as possible without any
major factors outside of the software to cause bias.
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4.2.1.2 Code Implementation
In order to only analyse the information we needed from the image created by the Kinect we
need to calibrate to size of the input image. After some different calibration methods we have
ended up using the mouse to drag and set the portion of the image that can take a portion of
an image and analyse it. See code implementation of taking a portion of an image in figure
4.5.

Fig. 4.5 Code taking a portion of an image from a color array and outputs to a color array which is run on every
capture frame.

The color of the blocks and background is manually calibrated, because we have discovered
that the easiest and best way to get the optimal results in all environment is to do it manually
every time. The calibration itself is done on an array of block type colors and one with
threshold and which we tweak every time we start the prototype.
When the game is running we can not use the images from the Kinect because the projector
makes interference. Therefore we implement what we call a capture frame that switch the
projector to project a black screen that then is captured by the Kinect. This is not an optimal
solution since it flash a black screen every 30th frame which is annoying for the user.

48/118

Group 313

MED3

Fig. 4.6 Code creating the capture frame and analysing the image
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The analysing of the cut out portion of the Kinect image is done in figure 4.6 by iterating
through the image, jumping a set grid size and taking an average color and testing whether it
matches any color that corresponds to a type. If it does it will change the corresponding block
in the game to show the change to the user. If there is no matched color it will set the scale of
the block to be zero thereby not be showing.
A basic concept of the game design has been provided, and two prototypes have now been
designed and implemented, a GUI and a TUI, where both include the very basic functionality
of our game. The process started with explaining how these UIs shall be designed, where it
was explained how they had been implemented, along with showing some code examples.

4.3 Final Implementation
By now we have defined the basic functionality that was implemented in the initial design,
which enabled us to test the initial prototypes. In this section we will go more thoroughly
through how we have implemented the requirements to the final prototype.

4.3.1 Physical Model
In this section the details of the physical model for the TUI will be explained as well as the
changes that was made for it. These changes will be argued for and explained.
Despite it was mentioned in the MoSCoW that the physical model would not be changed, it
has been discovered that the projected image needs to be rotated 90°, because the
participants will not be able to stand across from each other, which is intended for the purpose
of testing collaboration. This means that the Kinect and projector needs to be relocated. It is
not possible to just rotate both, because the acquired projector projects at an angle. Other
than that there have been some minor adjustments for practical reasons, such as cutting the
plate where the projected image appears. The Kinect and projector have also gained extra
support, since a bump to the model could move the Kinect and projector beforehand. The TUI
has two extra coloured squares for the added towers. The physical model can be seen in
figure 4.7.
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Fig. 4.7 At the top of the picture, the Kinect is visible along with the the projector behind it. The Projector
projects on the board between the users, which the Kinect takes an image of the board.

During this section the physical model for the TUI was accounted for, as well as for the
changes that were made for it. These changes were explained and their necessity was
argued for. In the following section important technical aspects of the game will be displayed
along with examples.

4.3.2 Game
In the prior section the physical model of the TUI was explained and some of the changes
made to it was augmented. In this section a few examples from the technical aspects of the
game will be shown, the examples are those which are deemed the most important. All
aspects of the game will not be explained as some of them are quite minor and are rather
redundant.
First we will explain the differences of the interfaces as they are seen differently from the GUI
and TUI. The GUI is seen on screens while on the TUI the interface should be readable from
both sides. Then the variations of the towers will be explained both in a visual and technical
sense. Afterwards we will explain how the enemies will spawn, move and look visually; by the
end we will explain the added feedback of the game based on feedback from the first test.
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4.3.2.1 Game interface
Since our game should have more functions, than only placing and selling objects, we
reconstructed our game interface. This was also done to ensure that both of the prototypes
corresponded to each other, making them more comparable. In figure 5.2 and 5.3 you can
see the interfaces of the GUI and TUI. Since the last prototype, we have changed the layout
of the interface, so all the things the users can interact with are in the right side of the screen
on the GUI.

4.3.2.2 User interfaces
The GUI and TUI should be as close to each other in functionality, but they still need to be two
different platforms, both in how they are handled and how they are seen by users. During the
future test the GUI version will be played by two participant, each on separate computers. The
GUI version can be seen in figure 4.8. In the top both players can see their health, in figure
4.8, the players has lost three quarters of their shared health pool, but unfortunately the health
does not count evenly if the network the games is played on is disrupted.

Fig. 4.8 GUI interface, right side are the buttons, resources above that, health at the top of the screen and a mini
map is displayed at the bottom left.
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On the right side both players has four buttons of things they can build, with prices and the
name of the building, below those is a sell button for selling buildings and at the top each
player can see the accumulated money; the building’s purpose and variation will be explained
in the next section. The test participants from the first test requested a function for placing
multiple towers at a time, thus we implemented giving them the option to hold the shift key on
the keyboard, so they can build or sell several times in a row, without the function being
deselected.
At the bottom left theres a minimap where the players can see beyond the game border, for
the purpose of predicting incoming enemies; the minimap displays the enemies as red and
the towers and walls are displayed as their respective colour. The enemies have a small
health bar so the players are aware of the amount of health left. An example of lost health can
be seen just above the center of a yellow enemy in figure 4.8. The TUI can be seen in figure
4.9 and has pretty much the same interface as the GUI with the exception of the sell button as
the players sell their buildings just by removing the respective blocks.

Fig 4.9 TUI being displayed while a game is being played. Right side has a mini map, left side is the buildings with
their name and cost, between those is the remaining money and to the right of that is the health.
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The different objects displayed has been relocated to the side, so both players can see the
description of each building at the same time, the minimap can be seen on the opposite side.
The buttons from the GUI acts as information boxes in the TUI version, where the physical
block’s colours correspond with said boxes. Each detected block, has a symbol displayed on
them to convey their function, in figure 4.9 every symbol is seen on the towers with the
exception of the white block because of the reflection. Upon looking at figure 4.10, near the
hands is an undetected green block and should the hands leave the table, the program will
update and detect the block whereafter it will get its appropriate symbol projected on it.

4.3.2.3 Variations in towers
In the final prototype the user has four objects that they are able to place. Initially the users
only had two objects, but since we want to know how the users make decisions we gave the
users different objects to place, this should widen the users strategic options, leaving more
decisions to make.The four objects they are able to place are three towers and a wall. The
three tower types are: Rapid tower, Slow tower and Ballista tower, and each of the objects
have different icons and colours based on what sort of object it is. The tower icons and
colours are: yellow with three balls, light blue with snowflake and red with an arrow,
respectively, see figure 4.10 for an illustration of the icons. This should also ensure that the
users do not get confused between the towers. The three towers have different properties,
e.g. the Slow tower slows the enemies movement and deals a minor amount of damage, the
Rapid tower shoots rapidly and the Ballista tower deals more damage, however it is slower.
The different tower types should set the stage for an array of different approaches when it
comes to strategies in the game. It is entirely up to the players which strategical approach
they want to use in order to keep the enemies at bay and away from your core. This fact
opens up to a lot of collaborative potential, since it is not set in stone which combination is the
optimal one. It depends on the progress of the game and the random direction of the incoming
enemies.
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Fig. 4.10 - figure of tower symbols and their corresponding colours
Green is a wall, teal is Slow, yellow is Rapid(White in game), and red is ballista.

4.3.2.4 Enemy Spawning
The EnemySpawner script handles all of the spawning for both the interfaces. The spawner
has an amount of resources and each enemy have a specific cost, each round the spawner
will buy as many enemies as it can afford randomly picking which enemy it will spawn, some
of this implementation can be seen in figure 4.11 the rest can be seen in on the attached CD.
This happens each spawn cycle and when it is ended it waits until all the enemies are dead
and then it starts a new cycle. For each cycle we scale the enemies health and the spawner
resources with a constant amount, this should ensure that every game will stop eventually.
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Fig 4.11 EnemySpawner which handles all spawning of enemies for GUI and TUI.

4.3.2.5 Enemies
The enemies in the game are all geometrical and are made within Unity. The shapes are 3D
objects, but are seen in 2D during the game, as shown in figure 4.12 .
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Fig 4.12 Picture of what the enemies look like.

There are four types of enemies, where each enemy is given a certain amount of health
points, a movement speed, and a value for how much money the players receive for killing the
enemy which is set in the setType function. This can be seen in figure 4.13.

57/118

Group 313

MED3

Fig. 4.13 The built-in function OnControllerColliderHit checks if the enemies get hit.

The script in figure 4.13 handles the enemy behaviour when it gets hit by a projectile from a
tower or if it runs into the core. If the enemy dies it will give the player an amount of resources
depending on which type of enemy. When it gets hit by a projectile from a slow tower it will be
slowed a specific amount corresponding to the type, for a short amount of time. The full
Enemy script can be seen on the attached CD.
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4.3.2.6 A* pathfinding
The enemies in the game have to be able to find a path to their target, which is the core, and
the A* Pathfinding Project by Aron Granberg (2014) has been used for this purpose. The A*
Pathfinding Project is available as a free download in the Unity3D Asset Store, and can be
used for personal or commercial purposes. The A* pathfinding basically finds the shortest
path from one location to another. The A* pathfinding algorithm is widely used when creating
games, and we have decided that it is not needed to create the whole algorithm from scratch.
Pathfinding is quite important, because this gives the players opportunity to strategize the
enemies route, and therefore can place walls and towers accordingly. The pathfinding also
makes sure that the enemies do not walk into the walls and towers an example of the
pathfinding can be seen in figure 4.14.

Fig. 4.14 Pathfinding illustration, where the green line is automatically generated as a path for the enemies.

In the GUI version we ensured that the users were not able to block off all entrances to the
core. This can be seen In figure 4.15, where the TowerHandler script checks if the path for the
enemies is obstructed and if it is then it removed the last placed towers, The full
TowerHandler script can be seen on the attached CD. Because of the way the TUI version
places and moves blocks, this would not possible to implement for the TUI version.
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Fig. 4.15 - In the GUI version the TowerHandler ensures users can’t block off the enemies path to the core, and it
is called from another class to spawn and keep check on towers.

4.3.2.7 Added feedback
There have been several changes made to the feedback of the interfaces. Both of the
interfaces now have a minimap for the purpose of alerting the players of where the enemies
are, this can be seen in either figure 4.8 and 4.9. The towers and wall now have a price for the
purpose of giving the players feedback so they can strategize their moves and manage their
resources, the tower buttons now have icons and colours to illustrate their function, the TUI’s
physical blocks correspond with these colours. These icons and colours can be seen in figure
4.10.

4.3.3 GUI
By now we have gone through how the physical stand was created, how the icons should look
and what types of towers and objects that should be available in the game. Furthermore we
have gone through how the enemies should look, work, and how they find the core via
pathfinding. Lastly we have added more feedback to the game. This section will go through
how the Network have been implemented to the GUI.
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As mentioned in the Overall concept section (3.3.1) in the Design chapter, we wanted to avoid
having the same problem as the test, where they tested three different interfaces, TUI, GUI
and PUI. When they were testing their GUI, they only had one computer to try it on and they
believe that this might have skewed the test results, since only one of the tester was able to
use the controller. We are going to avoid this problem by implementing networking in our GUI.
This has been done using the Photon Unity Networking asset in Unity3d, which allows us to
create a server in the Photon cloud, so that the participants are able to play together on two
separate computers.
We use Photon to send data between the computers, only a little bit of data needs to be send
which is when a user creates a tower or sell a tower and to ensure that both clients have the
same amount of gold. To make sure that the same enemies appear one of the computers
handle the spawning of enemies and tell the other to spawn the same enemies through the
Photon cloud. A diagram of how the interaction between the clients and cloud work see figure
4.16.

Fig. 4.16 The interaction between the Photon cloud and the client, showing what information is being sent
through the cloud.

In previous section, we went through the specific thing that was needed to enable multiplayer
interaction. As mentioned we used Photon Unity Networking. We will now look upon what
should be implemented in the TUI.
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4.3.4 TUI
In the prior section we explained how the GUI network feature was implemented. In the Kinect
& Zigfu section (4.1.3) it was discussed how we used the Kinect and Zigfu to get images into
Unity and how the projector is used to display the game to the user. In the GUI prototype we
could only place blocks and got to test the functionality. This section will therefore focus on
implementing the games features into the TUI.

4.3.4.1 Calibration
Some calibration is needed in order to get the TUI version of the game up and running. The
area which will be played upon needs to be selected and the colours needs to be selected.
To ensure that we only process what we need, we start by calibrating the area we will be
using. This is done by selecting the area of the image from the Kinect where we can project
to.
The colours is used to detect which blocks are placed within the area and is calibrated by
selecting one or more colours from the image and equally many thresholds. Later in the
program an average colour will be checked with the set array of colours and thresholds. This
is done by taking the average and type colour(i.e. 3 numbers) and converting them into 3
dimensional vectors and then get the distance between them, if the distance is within the
threshold. This is not a very fast way of checking them since both are structs and are copied
multiple times, but worked well enough to not need refactoring.

4.3.4.2 Capturing input
The capturing of input from the user only happens on every capture frame. The capture frame
sets the entire game area to be black in order to get a good image of all the colors to be
analysed. The capture frame only needs to be set up after we think there have been a
change, which is when a user’s hand have entered the board, afterwards we wait until all
users have removed their hands from the board. At this point we can assume that something
could have changed therefore we set up a capture frame and capture the presumably new

62/118

Group 313

MED3

state of the board. The code implementation can be seen in figure 4.17 and a flow diagram
explaining it differently can furthermore be found on figure 4.18. The full Kinect script can be
seen on the attached CD.

Fig. 4.17 Above is the few lines of code that handles when to capture the input from the users.
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Fig. 4.18 The above is a flow diagram showcasing how the program is calibrated and when it updates.

When the Kinect discovers that there is a capture frame, the previously selected area will then
be processed, by going through each block in the grid and checking the average colour of the
grid block against a range of colours for each type that was previously calibrated. If it matches
any of them then the game will change the blocks accordingly. The implementation can be
seen in figure 4.19. A few tweaks ensure that the border and the middle will not be checked.
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Fig. 4.19 In this code every grid block is checked to change the types of in-game towers. This code runs on every
capture frame.
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4.3.4.3 TUI game
There were a few specific parts that needed to change from the GUI version in order for the
TUI version of the game to work. Specifically the way that towers are managed and how the
resources is managed.
Since we were unsure how consistent the image processing would be, we implemented the
towers in such a way that they would be interchanged without destroying and instantiating
new objects, which is a performant task to do many times within a single frame. Since the
towers in the game is very similar there was not really a reason not to have them all run the
same code. The only thing that is changing each update is their texture, damage and what
shot type they instantiate. Code can be seen on the attached CD.
When it comes to the implementation it is not as easy to keep check of the gold in the TUI
version compared to the GUI version. In the GUI version gold is simply subtracted from the
current gold. In the TUI version however we need to know the value of the towers on the
playing board and constantly count the value of the board compared to the last count and
from that figure out if they can afford it. Although when implemented it handles selling, moving
and buying towers. The code required for this can be seen on the attached CD.
In this section we have described what was needed to implement and how it was
implemented to both make is usable and comparable to the GUI. We went through how
calibration was needed, how and when we captured input from the user, lastly how the TUI
specific things for the game was implemented.

4.4 MoSCoW status
In the prior section the main features of the TUI were explained as well as some of the code
from the TUI part of the game. In the following section the MoSCoW which was used in the
Design chapter, will be used to show what exactly was done to this point.
The MoSCoW was used as a checklist of priorities of things that were important and which
were not, these things can be seen in table 4.1 below. Everything from the MoSCoW is not
mentioned in this chapter as some of them are less important for the overall report. The score
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system was deemed unnecessary as it did not bring anything needed for the test and thus the
idea was scrapped. The money counter seemed like a score counter as it would rise as the
enemies died, and that money is also contained in the amount of towers build. The feature of
placing towers on walls was never implemented, because it would mean working in an extra
dimension, which turned out to be impossible within the timeframe. We removed the penalty
of selling towers for less than they were worth, as mentioned in the Design chapter, because
we want the TUI and GUI to be as comparable as possible and in the TUI version we had
difficulty implementing a penalty.
The only animation that the enemies have received is a rotation to the direction they are
moving as both advanced animations, different maps and detailed graphics are deemed a
luxury, we cannot afford timewise. We did not add sound because the added feedback was
enough and we want to record their voices while playing the game. We did not add a price
floating from the tower when it was built, as mentioned in the Design chapter, because it was
prioritised low, and thus it was never implemented due to the time constraints of our deadline.
A basic difficulty setting has not been created as we want the players to lose within a limited
amount of time, and this is done by scaling the enemies’ health and the respective amount of
enemies, as mentioned in the Enemy Spawning section (4.3.2.4).
The only thing which was made from “Won’t have” is a Better Tripod, this was done because
of how the Kinect and projector was placed. Before the players had to sit between the legs
which was impractical, a new more stable plate was added where the Kinect and projector
were moved to the edge, for the purpose of adjusting them. The players can now better see
each other without having the stand interfere with the players’ field of vision.
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Table 4.1: Moscow from design.
Must have

Could have

●

GUI version

●

Animated enemies

●

TUI version

●

Instructions (tutorials)

●

Enemies

●

Start menu

●

Walls

●

Multiple enemy types

●

Towers

●

Texture

●

Resources

Walls,

●

Extra Game feedback

towers.

●

Extra Interface feedback

●

Apply multiplayer to GUI

●

Change the camera of the

and

animations

on

core,

enemies

and

GUI
Should have

Won’t have

●

Minimap

●

Detailed graphics

●

Able to sell towers and walls

●

Better tripod

●

Score system

●

Sound

●

Able to place towers on walls

●

Difficulty settings

●

Tower variations

●

GUI  Pingable minimap

●

Different maps

4.5 Summary
In this chapter a lot of varying things have been covered of the technical aspects of the
project, all of which has been produced based on the prior design choices, some has been
neglected, because of time constraints or it was deemed inconsequential without them. At this
point we are quite satisfied with the prototype, some challenges might arise during the test,
such as bad lighting condition which causes the registration of the block’s colour to be
inadequate which is why we will have a dedicated technician for the TUI test. Some basic
things may be discovered to be inefficient, these things will be mentioned in the coming
chapters. Next is Evaluation where the final test design will be described, this includes the
different roles assigned, such as interviewer, observers, fetchers etc. The testing method will
also be detailed, as it is vital for the test to have all aspects covered to ensure that the test
results is as accurate and useful as possible.
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5 Evaluation
Two user interfaces were designed and implemented earlier, a GUI and a TUI, where both
interfaces were evaluated in order to make them fully functional and comparable, since both
interfaces have to run our game to evaluate our problem statement. The game has now been
designed and implemented and works with both interfaces, which leads us to evaluating the
final design. This chapter will therefore include our final evaluation, where our problem
statement will be evaluated using the GUI and the TUI. The methods used for evaluating our
problem statement will receive an introduction, where the test setup and results will thereafter
be presented.
Before going into details about the final evaluation it is essential to be aware of what the main
purpose of the evaluation is, which of course is the test the following problem statement:
How is collaboration affected in a game that utilizes a tangible user interface to receive
realtime input?
As mentioned earlier, a TUI has been developed along with a GUI, which is because we
intend to have users test our interfaces and compare the results from each interface, and
hopefully discover what effect a TUI can have on collaboration. A few assumptions have been
made, but these assumptions have to be proven either right or wrong, a task which our test
hopefully will accomplish. The assumptions are as follows:
● Body language and facetoface interaction is important for collaboration.
● Participants will be able to collaborate more efficiently with the TUI than the GUI.
● While playing the game, participants will be more successful when using the TUI than
the GUI.
● Test participants will be more physical and verbal in regards to collaboration when
using the TUI.
● If the game is too easy, the players will stop collaboration because the game will be
trivial.
● Test participants will be more dynamic in their roles, switching back and forth in who
places what and divulging critical information.
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These assumptions are based on knowledge gained from the Analysis, especially from the
Cooperation and Collaboration section (2.1) in the Analysis chapter. In the mentioned section
space for negotiation was argued as important and it built upon communication, which in the
Communication section (2.1.3) in the Analysis chapter, was said to be build upon a set of
layers for communicating, among one was body language. It is believed at this point that a
TUI would give a better base for communication through body language and thus these
assumptions are build upon each other, and made so as to help answer our problem
statement. The evaluation will consist of two tests, where the test participants will either try
the GUI or the TUI, and not both.
By now it is outlined that we have to evaluate our problem statement, and hopefully get an
answer to our assumptions, but the question is how we will confirm or disconfirm these
assumptions? The next section will therefore explain what methods have been chosen for the
evaluation.

5.1 Methods
This section introduces the methods used in the final test, these methods are supposed to
help us in finding the answers for our assumptions and answers for our problem statement.
The methods are used for getting the most amount of data out of a test within a limited
amount of time and we have used varied methods to cover different aspects of the test.
During the test we use a style of passive observation. This was done to obstruct or affect the
test result as little as possible (Rogers et al., 2011, p. 251). The observational method was
chosen to accommodate the use of video recording (this will be explained later in this
section). The idea is that by having one or two observers take notes on the spot, they may
spot things that the camera did not, and the use of notes would also make it possible for them
to reflect on the spot, thus limiting the amount of work needed with the video recording
afterwards. Another merit of having observers is that technical problems can occur and then
there is the possibility of a backup source of information.
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Another method we use is called Product Reaction Cards. It is a method mainly used for
measuring desirability and was developed by Benedek and Miner (n.d.) at Microsoft. Benedek
and Miner explain that the method makes use of 118 words, and all these words is written on
separate cards, the list of words can be seen in Appendix A. The reaction cards are used
when users have tried a product, where they are asked to pick the cards they feel are related
the product, or their feelings, while trying the product. When they are done picking the
relevant cards, they are asked to choose the 5 most relevant and explain why they were
chosen. This does not only provide quantitative data about how many cards have been
picked, but the users get to elaborate on why exactly the top five were chosen, which can
provide some useful qualitative data. The choice of cards needs to be explained by the
participants, because the words can have different meanings for each individual, eg. the word
‘Optimistic’ can mean that the users become optimistic while using a product or that the
participants think the creators were far too optimistic in their vision.
Apart from observations and reaction cards, semistructured interviews will also be used. The
reason it is called semistructured is because the interviewer may ask both open and closed
ended questions, allowing him to ask the interviewee for more information all the time (Rogers
et al., 2011, pp. 229230). This will allow our interviewer to get more detailed information and
can ask the participants to elaborate on certain things they said.
For the tests we use both video and audio recording methods as well as written notes. The
choices for using all of these different data gathering methods are based on the different
strengths and weaknesses of these data gathering methods. The use of video recording are
chosen to gain as much data as possible, but mostly to gain the possibility of re watching the
test to make sure that everything was noticed. Though going through video data is extensive
work and can be quite time consuming (Rogers et al., 2011, p. 227). Audio recordings are
chosen for the same reason as the video recording, but for the interviews, it is deemed
unnecessary to use video recordings for something where the verbal answers are of
importance. Lastly written notes are used, these are used for their flexibility and the ability of
analysing on the spot (Rogers et al., 2011, pp. 226227).
These three methods will be used to gather all the data from our evaluation, and using
different techniques to gather data is referred to as Methodological triangulation (Rogers et
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al., 2011, p. 225). Methodological triangulation does not only give us much data, but using
different methods can also help validate different data.

5.2 Test setup
Conducting an evaluation, using the recently mentioned methods, can require a lot of
structure and attention. The evaluation is planned beforehand, making sure that everyone in
the group know what to do and how it shall be done, since we want to receive the best results
without any hiccups. The test setup will therefore be explained, which should give an
illustration of how the whole procedure is conducted.

Different roles has been made for the purpose of having everything on track. One person is
dedicated technician, for the purpose of fixing technical problems and he is responsible for
calibrating the TUI interface if the light sources change, as this has has already shown itself
as a recurring obstacle during the TUI development. One nonparticipant observer is
dedicated to the GUI and two for the TUI. The TUI has one additional observer compared to
the GUI because we assume that there will be body language in conjunction with this
interface. The observers will make sure that the camera and dictaphone are recording the
session.
There is one dedicated interviewer who will conduct the semistructured interview and will ask
predetermined questions, where he might ask the interviewee to elaborate on their answers or
ask additional questions, the questions asked can be seen in Appendix F. The interviewer will
record the whole session. There is one dedicated ‘fetcher’. The fetcher will gather potential
participants and will note when they have time to test. Lastly there will be one dedicated
facilitator, his role is to guide participants throughout the whole test, make sure they are
comfortable and ensure that he can answer their questions throughout the test unless it
interferes with our results, as his answers could create potential bias.
When the test participants arrive, the facilitator will have them seated, tell them what is going
to happen, and then he will ask if they are willing to sign the informed consent. If they sign it
he will tell them how the game works, like the fact that they share their health, how they build
towers etc. As mentioned earlier in this chapter participants will only test one interface
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because of the order effect described in the Test Summary section (2.2.2.4) in the Analysis
chapter, of the testing proposal that was analysed earlier. By avoiding the order effect we will
compare results from the data gathered from the two interfaces while the data will not be
biased by participants having tried the other interface first.
While the participants read the consent form, the screen capture is started in the GUI version.
In both tests, the observers will start the filming of the session, as they are in charge of the
recorded observations. The GUI version will have their gameplay recorded with screen
capture because the gameplay might give us details regarding their collaboration.
In the GUI version we tell them that they are looking at the same map, as they could think it
was two separate games and that they share resources, because it is more common to have
separate amounts of resources in tower defences. It is quite important for the facilitator not to
use the words cooperation nor collaboration as this could make the participants’ answers
biased. In the TUI version the explanation is a bit different. Besides the different control
scheme, the facilitator asks the participants to roll up their sleeves and they are explained that
the towers are built after their hand leaves the table. That explanation is rather simplified, as
we strive for not being too technical in our explanations, thus we avoid talking about the
Kinect, colour recognition etc.
After the game is explained they can build with a predefined amount of money and they can
use the time for anything they want, such as strategizing. When the participants are ready the
facilitator will start the influx of enemies. When the game ends they are asked if they want to
try again, and the process is set in motion again.
While the game is being played the observers take notes and have a list of subjects which
state what to look for, this can be seen in Appendix E
After the game, the facilitator asks the two participants to find the five words from the Product
Reaction Cards, which they bring to the interviewer and he takes over the process from the
facilitator. The interviewer will start the recording of the interview and then he will ask the
participants to explain their choice of words from the Product Reaction Cards, afterwards they
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will be asked some predefined questions and he will ask additional questions to get the
participants to elaborate or when they are talking about interesting subjects.

Fig 6.1 Testing. Step 1 shows test participants playing our game. Step 2 is where they pick reaction cards. Step 3
is when they are interviewed.

Every step of the process in a test is rather important to be prepared for, for the purpose of
having everything go as smoothly as possible. The testing process can be seen in three
simple steps in figure 6.1. In the next section we will present our test and the acquired results
which will be interpreted in the upcoming Discussion chapter.

5.3 Test results
The test took place at Aalborg University Copenhagen between the 10th and 12th of December
2014. There were a total of 38 test participants. Where 18 tried the GUI prototype and the
other 20 tried the TUI prototype. They were always in groups of two that knew each other,
meaning that we had 9 groups to test GUI and 10 to test TUI. They did not try both UIs, only
one of them.
In this section we will go through the results of our final test. We will look at the collaborative
tendencies and which approximate conclusions we can draw from our findings. We will also
compare these to the theories of collaborative tendencies which were described in the
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Analysis chapter, and finally surprising results and outliers compared to the expected
outcome will be covered.

5.3.1 Interview results
During the interview, the test participants answered questions like: Did you and your partner
collaborate during the gameplay? Can you give us some examples on when you did? Did you
feel that the interface affected your collaboration in any way? e.g. did it limit/improve the
communication between you and your partner?
The test participants who tested the TUI were asked the same questions as the ones who
tested the GUI, answers for both GUI and TUI can be seen summed up in figure 6.2.
In the GUI interviews seven of the nine groups divided the roles or tried to during their game
session. Eight of the nine groups said that they had some sort of collaboration during their
game session. All of the groups felt they had a common goal to strive towards, likewise did
five of the nine groups discuss their actions and decisions before or after they did it, however
this decreased over time, because the difficulty of the game increased, and it got harder.
Three of the nine groups felt that their collaboration was affected in a positive way by the
prototype, the remaining groups were missing visual feedback on where there test partner’s
mouse position was on the screen, and were therefore not affected in a positive way. Two of
the groups believed that if they had a single screen instead of two separate computers, it
would be more stressful, since you stand closer together and are more likely to clash. Two of
the groups stated that they believed there would be a passive user, meaning that only one of
the two users would be playing the game. On the other hand four groups stated that they
believed it would be easier to communicate, collaborate and see each others actions which
decreased the possibility of misunderstandings.
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Fig. 6.2 Is a diagram showing the results from the interviews.

In the TUI interviews, five of the ten groups divided the roles, or tried to, however they stated
that it got more complicated to keep the roles divided as the game progressed. During the
game session nine of the ten groups collaborated. Every group felt that they had a common
goal, which was either winning the game, staying alive for as long as you can or build the
biggest maze. Nine of the ten groups discussed their decisions and actions before making
them, this however also got harder to do, as the pace of the game increased. Seven of the ten
groups felt that the prototype affected their communication and collaboration in a positive way.
Five of the groups believed that it would be harder to communicate and collaborate if they had
played it on two separate computer, likewise three of the groups believe that their level of
communication and collaboration would decrease because they would not be as engaged.

5.3.1.1 Product reaction card results
The following section will introduce the results received from the product reaction cards, these
will be made into diagrams (see figure 6.3 and 6.4) displaying the picked cards and
frequency. It is important to note that the frequency has simply just been documented here,
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and that any card can have a wide range of meanings. Following we will show what the
interviewees said about their chosen cards. In the Discussion chapter the results from these
cards will be categorized by their meaning and it will be analysed.
There are several words which were picked once, those can be seen in the full list of cards
picked for both TUI and GUI in Appendix B and C.
The words which were picked once are not presented in the figures below for the purpose of
having a better overview.

Cards picked for the GUI
All the participants who said the game was simple explained that the game was easy to
understand, there were not too many functions to control and was not overwhelming.
Those who picked straightforward chose simplistic as well, and they had the same reasoning
for both words. Some mentioned they felt it was simplistic because it was familiar to play a
tower defense and all those who picked the word familiar was because they were used to
playing Tower Defence games. Some felt they were missing aspects from other tower
defenses that they had tried before, such as towers that damages an area or upgrades for the
towers.
Those who picked stressful thought that the game demanded quick decisions, since the
enemies come in fast, and one group said it was because the game was frustrating. That
group picked the word frustrating as well. Those who picked fast gave us the same reasons
for picking stressful although most thought it was positive. Group three had very different
answers to the words stressful and annoying compared to others, they picked these words
because they felt that they did not have good teamwork. This group will be elaborated upon in
the Outliers section (5.3.3.3).
The remaining words which were only picked once were mostly related to the words
mentioned above, such as old where they thought it was familiar. The only words which were
not fully related to the other words were either engaging, fun, stimulating or high quality which
were related to each other in how they enjoyed trying the product or that it was engaging
because it was not completely like other tower defences.
The words: Slow and low maintenance were chosen, because the group did thought that they
did not have to do very much to win.
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The last word left to mention of figure 6.3, Collaboration, was picked three times. The
reasoning all three gave was because they were playing together, and one group even found
the collaborative aspects stressful.

Fig. 6.3 shows the frequency of words the test participants choose in the GUI. Words with a frequency >1 is
shown.

Cards picked for the TUI
The test participants who chose collaboration all thought that they had collaborated during the
game session, the reasoning they gave for collaboration was that they felt they talked a lot,
strategized a lot and they had to collaborate because of the difficulty level. It reminded some
of them of a board game. Likewise did those who picked collaboration also mention
entertaining, stressful and fun, and said that it was fun and entertaining to collaborate and
stressful because it was a fast paced game. Fresh was chosen because it was a new way of
playing together with your partner.
Those who answered simplistic all thought that it was simple and nice to use and that it did
not require any prior knowledge to use it. The participants who chose engaging all thought
that they got engaged because they were collaborating, and it was so fun to collaborate with
other people. Two of the groups chose fragile, they thought that the physical objects was
78/118

Group 313

MED3

lightweight and too easily moved, e.g. by moving a single object, several others could be
moved. The same group also commented on the game being ‘laggy’ and not responsive to
their actions. The test participants who chose understandable thought that it was easy to
understand, and they thought that it was easy to place objects. Those who chose intuitive also
thought that it was easy to navigate in the interface and they knew what they could, and could
not.
Some of the words that was only picked once relates to some of the other words that have
been chosen more than two times, e.g. the word controllable relates to easy to use, since the
group who chose it stated that it was easy to use and you were in control. Words like:creative,
innovative, overwhelming, disruptive, unrefined and flexible did not resemble any of the other
words. Creative and Innovative were chosen by the participants because it was not anything
they had tried before and they felt creative in the process. Overwhelming and disruptive were
chosen because the game was overwhelming in the start, however the participants quickly got
a hang of the game. Unrefined was chosen because the game had many ‘bugs’. Flexible was
chosen by the test participant because it was easy to change strategy during the game
session.
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Fig. 6.4 shows the frequency of words the test participants choose in the TUI. Words with a frequency >1 is
shown.

5.3.2 Observations
This section will first discuss the general quantitative findings from the observations and
expand upon the core differences found between the GUI and the TUI, afterwards there will
be a part elaborating upon the qualitative data. All of this information will be discussed in the
Discussion chapter, whereas they will only be documented here. All our observations are
either based on notes made by the dedicated observers or are based on the footage or
recordings made during the tests.

5.3.2.1 GUI
It seems that all groups, during the GUI part of the test, had their gaze directed primarily
towards their respective screens. A portion of the test participants tried to have eye contact
with the other participant during some points of the test, but most participants gaze were not
met. Six of the nine groups used some variation of gestures, an example of this can be seen
in the in the bottom picture of step one in figure 6.1. These gestures range from pointing at
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their respective screen to pointing at the opposite participant, and even a few times to draw
out shapes. The frequency of how often participants used these gestures seemed to fluctuate
a lot, since some participants would exhibit this behaviour several times during a single test,
while others only did once or twice. The participants rarely moved their body anytime else but
when making themselves more comfortable or when they were using their arms.
All nine groups shared some form of information during the test, this varied a lot from group to
group, where some only shared the bare necessities, while others shared as much as they
could. They all shared their information mainly the same way, through verbal communication
rarely accompanied with gestures or eye contact. A few of the groups, coupled their sharing of
information with gestures, as for example pointing at their screen to give out the location of
certain onscreen objects, such as tower positions and incoming enemies, which is usually
followed by verbal communication. Sometimes they specified the location they were talking
about, by referring to a direction, such as top, bottom, left or right of the screen, also by
referring to a direction from a specific object.
When communicating, six out of nine groups used context specific code, this is usually in the
gaming context. An example of this could be the use of words such as ‘boss’ or ‘rekt’. The
frequency of use for code fluctuated a lot between the six groups, though clear use of specific
code usually never exceeded a few usages. Some participants used code they received from
us, such as saying ‘slow tower’ or ‘maze’.
Throughout the tests five out of nine groups discussed suggestions and strategies, where
every group more often replied to suggestions with a yes or no. This happened only a few
times from group to group, often only once or twice. Six out of nine groups utilized some
sense of explicit work division, while two groups ended up with some form of implicit work
division. Both of these division types usually meant the same kind of work division, which was
a simple location wise division (you take the top i take the bottom, etc.). For far most of the
groups, the work division and discussion took place on the second try of the game. Every
group used a strategy in either both their games or in their second game, where they build
around the center and then made tunnels or a spiral. These types of strategies was said
explicitly often with a single sentence, without a need for further explanation. There were
groups who had the exact same strategies as the implicit ones but they formed implicitly
without any of them saying it outright.
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When it came to the groups joined decision making roughly a third had a clear hierarchical
pattern, this was either done by only one person making decisions or by the other person
neither giving input nor suggestions.
When some groups noticed they were about to die they had two different reactions, either one
participant took charge and just placed towers/walls without the input of the other participant,
the other reaction were that they became quiet and stopped working on their game. The
groups which did not notice their incoming loss were surprised to see that they were dead.

5.3.2.2 TUI
All ten groups used some variation of gesturing, though only two groups used it much less
than the others. The usage of gestures are usually coupled with information sharing, where
eight groups shared information on the screen with their coparticipant. These gestures were
often used to point out certain locations on the board, but was also used a lot to help explain
suggestions and strategies. The frequency of the gestures varied among groups but seemed
to happen often for most groups. The nature of the information shared most frequently
regarded, the groups’ current amount of resources or was about the incoming enemies,
though more detailed information like, theories about certain gameplay features would also be
shared from time to time. Sometimes when the participants explained their intentions or
suggestions they moved their hands as they were expressing themselves.
Every participant looked at their partner at some point during the test, and their gaze was
often met. Four out of the ten groups used a set of context relevant code. Which as with the
GUI was game oriented code or code which were given by us. The frequency use of code
was very different from group to group, while some would only use context oriented code
once, others used it quite a lot. One group even started inventing their own code for newly
arrived situations.
Seven groups discussed their suggestions and choices, while all groups often had shorter
interactions where a suggestion would be answered with a simple yes, no or a nod. The
amount situations where these discussions were observed, varied again from group to group,
though it was often not more than 24 times. The work division was again both explicit and
implicit, the overall strategies were far more explicit, when blocks had to be sold or placed, the
participant closest would often handle it. The most often exception of that, was either when
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the game did not have a lot of action or when a participant had to make a decision very
quickly.
The participants body language often mirrored the situation they were in, if they were met with
a lot of enemies they would move their body or hands a lot, sometimes even frantically. When
the participant had to come up with quick decisions or perform several tasks, the blocks would
be laid less precisely on the grid, which rarely interfered with the gameplay. Some participants
would put their hands on their chest when enemies arrived at the core and others would jump
back in their chair, then they would stiffen their back. When the amount of enemies declined
or when there was time in between waves, the participants would relax their bodies even
discuss subjects regarding the game which were not imperative to their strategy. Most of the
groups move their hands far more often over the board as the game progressed and made
would use gestures far more often.

5.3.2.3 Outliers
Most groups had an even influence, though one group (group 3) from the GUI test had a
strong hierarchical difference between the two participants and they had some antagonistic
comments to each other, meaning that this group is quite an outlier in our data.
There was also one group from the GUI test where one of the participants were intoxicated
(she was drinking wine during the test which could also easily have affected her actions and
thus the results from this specific test).
Surprisingly there were many who knew what a tower defence was and were used to it in
some degree, those who were not familiar with that type of game performed just as well as
some of those who knew it. We did not expect that many to be familiar with the game type
and this is why we deem those who did not, as outliers.

5.4 Test discussion
In this section we discuss the data received, and elaborate upon why we received the results
we did and what they mean. This will be done in two segments. The first segment will discuss
all the relevant results for the GUI test and analyse what they mean. The second segment will
discuss all the relevant results for the TUI test and analyse what they mean.
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5.4.1 GUI
The results from the GUI test will hereby be discussed and analysed.
5.4.1.1 Interaction
The GUI setup seems to have had a negative effect on the participants’ interaction. A simple
example could be the participants’ eye contact and body language. During the GUI test, the
observations showed that most of the participants had their gaze fixated on their respective
screens, and eye contact seemed rare. This occurrence seems to have an effect on several
subjects. However, most apparently it seems to have had a direct effect on their use of body
language. While a majority of the participants were observed to have used some sort of
gesture, it was rarely used alone (if used at all), and most often, it was clearly not visible for
the participant’s partner, which asks the question of why the use of body language was
present at all. This also seems to have had an overall effect on how they communicated
certain information. Since they could not point or gesture at points, they had to try and explain
through words what they meant. This seemed often to have meant bad explanation, for
example positions on the screen as such as “top” or “to the left”, this also seemed to
sometimes lead to misunderstandings. One example of such misunderstanding could be in
one of the tests where the participants came up with a division strategy, but during the game
one of the participants did the opposite of what was planned. On another subject, only 30% of
the test groups for the GUI test felt that the setup had a positive effect on their collaboration
and communication, which seems to support the observations that collaboration and
communication often was at a minimum between participants.

5.4.1.2 Communication
When sharing information a few participants did use gestures to show context and to explain
concepts. These times were mostly in the form of drawing shapes in the air or something
similar. This seemed to have happened quite rarely, and never without verbal explanation.
This points toward the GUI setup not supporting body language in an advantageous way. This
had a direct effect on how the participants had to share information with each other since their
only truly valid effective way of sharing information would be verbally, and since they were not
able to see each other’s screens then details, like actual positions on the map, were often not
discussed in much detail. Though it should be said that all groups had some varying degree of
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information sharing, though it was very different from group to group. It should also be said
that while they did share information it was rarely much, and rarely very often. It became quite
apparent that not having eye contact, since the screen took too much of their attention, had a
very negative effect on their communication and thus also on how much information was
shared along with how. Another point was that some participants tried from time to time to
gain eye contact with their partner, but this was rarely successful. This points towards a need
for eye contact for some participants, which was definitely not met. This can possibly be seen
throughout the interview where only roughly 30% thought that the game’s setup affected their
communication positively. Another interview result showed that only a little above 50%
expressed that they had discussed what to do during their interaction. This could possibly be
reflected in the fact that roughly 50% actually believed that having a single screen would have
a beneficial effect.
Looking at the activity of the participants it was very easy to see that the GUI setup, very
likely, had a negative effect since the participants seemed very passive and had longer
periods where no one spoke or interacted with each other. Through the product reaction cards
only a few picked the word fun. While the prototype being fun or entertaining was not a direct
goal, this could still have had an effect on the test results. A bored participant may not have
as much incentive for playing the game in an efficient manner, as for example communicating
or sharing information.

5.4.1.3 Hierarchy
The hierarchy between the participants seemed quite often not to be that of two equals. More
often than not, one would have more control over the strategy than the other. This even came
to an extreme with one of the groups where one would go so far as to lean back in his chair,
and send direct orders to the other, though this kind of behaviour was only observed once. It
was far more common that a slight hierarchy difference took place. More often than not would
a single participant take control over the majority of decisions, where the other would just
follow the suggestions of the other. This could have happened for several reasons. One
reason would be that since the setup, more likely than not, did not support communication
very well, it was simply just easier for the participants to have one that took the lead. Another
reason could of course be that one felt inferior to the other, and simply just allowed the other
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to take charge. The possibility that one participant simply was less enthusiastic about the
game, and thus did not care much for the decision making, can not be disregarded, though it
seems unlikely that this should be the case all of the times where an uneven hierarchy took
place. The fact that only a little above 50% felt that they had discussed what to do next in their
strategy could also suggest that an uneven hierarchy took place, since then discussion would
not be necessary. Another fact is that only three groups picked the word collaborative or a
word associating this from the product reaction cards, suggesting that most groups either did
not feel that the interaction was collaborative, or that they did not feel it was collaborative
enough for this word to be picked among their top five.

5.4.1.4 Work division
When looking at the observation results for the GUI, six out of nine groups were found to
utilize some sort of explicit work division, though it should be said that not all of these were in
a positive way. As for example with the one group, where one took direct charge, it was
indeed a work division, but it was also seen as a directly negative one. When playing, usually
their second game, many groups would divide the tasks within the game. This often happen
through a simple locationwise division, where one took one part of the playing field while the
other took another. But when looking at the screen capture from the games, many of these
work

divisions

were

quite

short

lived,

and

sometimes

they

even

resulted

in

misunderstandings, where one had understood the work division in one way, and the other in
another. Often either one or both would also stray from the work division, suggesting that this
was not an effective way of working with this setup. Next to the six groups that were found to
have had an explicit work division, two groups were found to have had an implicit work
division. Just like the explicit work division, the implicit ones, also seemed short lived, and
sometimes unintentional, again suggesting that the setup made it hard for the participants to
find an effective way of collaborating. Another subject is that many of the groups picked the
word stressful in the following interviews, and it was revealed that this was rarely seen as a
positive thing. If the game indeed was to some degree stressful, then that could also help to
explain the sometimes uneven work division. If the participants felt that the game was to
stressing to give them enough space for collaboration, or if the participants felt that the
stressful nature of the game inhibited them from fully trusting that their partner could carry his
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or her part of the workload alone, then this could have a direct effect on why most work
divisions were so short lived.
The GUI test gave us a lot of insight into how the participants worked together. The GUI test
has now been analysed and discussed in detail. The interpretations and the remaining
statistical data will be compared to the TUI after its data has gone through the same process
as the GUI test, which will be done in the next section.

5.4.2 TUI
Here we analyse and discuss our results related to the TUI.
5.4.2.1 Interaction
Based on our data it seems that the TUI had a large influence on the participants’ interaction.
The test participants expressed that they felt the interface influenced them in a positive way
and said it would be harder to play if they each had their own screen. These participants did
not try the GUI which means we have to use additional data to confirm their claim and in how
the setup influenced them.
The TUI’s functionality is quite alien to the users as a TUI is not very common, but this did not
influence how they performed during the test, which we see as a positive effect, because that
means it is intuitive enough to function as something they are familiar with. This is based on
their explanation of the reaction cards, where they told us that the interface was easy to use,
understandable, intuitive and simplistic. Their elaborations mirror these conclusions. They
performed quite well overall based on our observations, where two out of ten groups were
completely unfamiliar with TD games and they performed just as well as those who were used
to it.

5.4.2.2 Expression
The open space between them and having them look at the same screen makes it far more
convenient to explain what they are referring to, when they need to explain something on the
board. They had the opportunity to be very precise, within a short period, because they could
point to specific points and follow moving objects. The room between them seemed to make it
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natural to explain themselves with their hands, sometimes they “drew” with their fingers either
in the air or by marking areas on the board, when they explained themselves they often used
their hands by moving them in the air. Likewise did the some of participants also use their
own code, when they had to explain things to their partner.
The interface seemed to make the participants express their thoughts and suggestions quite
often, based on our observations, besides this they tended to express their emotional state
with their body. This was done by frantically waving over blocks which they had just placed,
for the purpose of making the game build it, which ironically is only done as their hands leave
the table, which they were told. The participants tended to mirror the situation of their game,
they did this as an example by placing their hand on their chest as they were losing lives or be
tense in their limbs if the situation was dire. A curious observation we made, was that the
participants seemed to mirror each others behavior in several ways, if one seemed quiet,
relaxed, happy etc. the other person would have the same behavior to various degrees.
One of the more interesting cases were when the two teams that was not used to TD games,
had the participants gain confidence at the same rate. What makes it interesting, was that
they seemed quite scared of the whole contraption, probably because, the game or interface
was foreign to them and the amount of time their hands was over the board was limited. As
the game progressed their behavior was radically changed, based on how much they pointed,
relocated blocks, strategized and come up with suggestions.

5.4.2.3 Involvement
A common occurrence with several participants was that they seemed quite engaged and
entertained, this is based on the observation and their answers to the reaction cards, where
five groups picked fun and three picked engaging. We are not testing the entertainment value
of the product nor how fun it is, but it seems relevant in the context of how the product
influences the behavior of the participants.
One participant made a curious comparison when he explained the words collaboration and
fun, where he thought the product felt a lot like a board game, this is most likely caused by the
use of physical blocks on a gameboard.
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Five groups chose the reaction card collaborative which is rather central for our project, their
elaboration was often associated with the words fun or stressful. Stressful was chosen
because of the fast pace in a positive manner, which we intended to, for the purpose of
avoiding having trivial tasks or a game which could be played alone. We feel that the amount
of cards with collaborative is reflected in their negotiation, consideration of each others point
of view, involvement and communication,

5.4.2.4 Prototype faults
A problem which occurred with the change of daylight was the calibration of the TUI, this
caused some of the towers to be build incorrectly. This is reflected in two of the answers of
the product reaction cards, where they did not feel it responded in tangent with their actions.
The same thing did happen in a few other groups a few times, but it went rather unnoticed by
most participants, since it corrected itself on its following update. When they did not update
the board themselves as the technician stepped in and corrected the mistake without
interfering with their game. Most times the participants would see the mistake and correct it
themselves.
Some felt the Styrofoam blocks felt a bit too fragile, even though they did not break, and the
light weight caused the blocks to move rather easily. This was an issue we were aware of and
wanted them changed to wooden blocks but were neglected as other issues had a higher
priority.

5.5 Summary
During this chapter we documented our evaluation and showed all the data we deemed
important. The test was explained as well as some of the outliers in our data. In the end we
felt the test went fine, though it should be mentioned that it did not go without its errors.
Though we feel that these errors and possible biases would not affect our results too much,
which will be explained further in the Errors and Bias section (6.2) in the Discussion chapter.
We would have preferred a larger amount of participants but we believe we still got a lot of
useful data, as we tested, some curiosities caught our interest, these will also be touched up
in the coming chapter. Our test group contained a lot of gamers who were familiar with tower
defences, and a more nuanced test group might have been be preferred, although, other
demographics might need another kind of subject to collaborate about.
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All the data mentioned in this chapter has been analysed and in the following chapter,
Discussion, we will compare the analysed data from the two interfaces and come to
conclusions regarding the test participants’ actions as well as see if our assumptions were
true.
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6 Discussion
In the Evaluation chapter we presented the methods we used for testing purposes, test setup,
results, and discussed the results from the final test. In this chapter we will compare the
results from the two tests, and answer some of the questions from our Design chapter:
● How do users interact with the interfaces?
● How does the users general communication differ between the two interfaces?
● Does the communication flow differently between the two interfaces?
● Do the users express their body language differently depending on which interface
they utilize?
● Do the users express emotions differently between interfaces?
● Is the user’s task too trivial in order to promote communication?
● How does the physical object influence the user interaction?
These questions will be used to gain an understanding of the core differences between the
participants interaction in the GUI and the TUI. With this difference it is hoped that it will give
an idea of what the general effect a TUI has on collaboration between users, and what
aspects of the TUI that was of most import. Lastly we will quickly mention the possible errors
and biases that might have influenced some of the results.

6.1 GUI vs. TUI
Here we will make the comparison between the GUI and TUI. This will be done by setting up
the analysed data side by side. Some of the remaining statistical data will be used here to
give a better overview, and to strengthen the comparison. In figure 7.1 the product reaction
card words chosen by the participants can be seen organized in word clouds.
As seen in the word clouds and from the prior two sections there is evidence for significant
differences between the two interfaces.
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Figure 7.1. These word clouds are based on the product reaction cards. On the left side is the GUI answers and on
the right side is the TUI answers. The most picked word has a larger font.

6.1.1 User Interaction
The users interacted vary differently with the two interfaces. During the GUI test the
participants would rarely point and gesture at the screen, as well as use verbal directions to
indicate locations in the game. Though this seemed to be hardly effective and oftentimes
seemed to be more of a gesture for themselves than for the partner. A whole different
interaction was seen in the TUI where participants would often use gestures at different
locations.
The amount of gestures differed significantly between the interfaces, in the TUI it seemed
natural for the participants to make said gestures for the purpose of sharing information and
suggestions, where the GUI tended to have more passive body language. The setup of the
GUI seems to constrict the users, which in turn hinders their communication, which seems to
flow more freely in the TUI. This could point towards that body language is very important for
effective communication, which was also one of our assumptions. This constriction very likely
stems from the inability of directly pointing out locations and objects within the game, which
the TUI freely allows. This is possibly inherent from the fact that both participants have their
own screen, which not only claims most of their attention, but is also their only connection to
the game where the TUI gives a connection through the partnering participants and his
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shared information. Even if the participants in the GUI test had one screen they were looking
at, we can postulate that it would be a better comparison since it would allow for pointing out
locations and objects, but they would still be restricted by how the control scheme is used. If
they have the typical mouse or controller setup they would most likely have a harder time
expressing themselves with gestures, since they would have to let go of said hardware, where
in the TUI version they can still freely use gestures while holding the physical objects. Another
significant difference is that they can emulate where an object could be placed, by hovering
the blocks over different potential placements.

6.1.2 Emotions
The two different setups had participants showing significantly different moods, in the GUI
version they were considerably more quiet, only divulged more significant suggestions and
observations. Where in the TUI version they expressed them at a rapid rate even if the
information was less important. The mood was a lot more expressful in the TUI version and
the open space between them seemed to make a greater social connection between the
participants.
The communication between the users seemed to be very different between the two
interfaces, where in the participants seemed to communicate more freely and frequently with
the TUI than with the GUI. This is probably partly of the same reason as the difference in the
amount of gestures, which was discussed above, but there also seems to be a correlation
between the setup of the interface between the users and their communication. In the TUI the
participants had direct visual connection between each other, while in the GUI the screens
seemed to take the full attention of the participants, even though they purely physically did not
create a visual barrier, they seemed to psychologically do so. Having a shared board in the
TUI meant that the interaction between the participants became broader, it was not only
possible for the participants to interact through body language, they were also fully able to
incorporate this into their verbal communication, which meant that they communication
became much richer and frequent than in the GUI.
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6.1.3 Body Language
Body language seems to be one of the factors that differed the most between the two
prototypes. Not only were body language more frequently used in the TUI its purpose and use
also seemed different. Where in the GUI the users seemed to use body language more out of
habit and also much less frequently, the TUI seemed to allow them to use body language not
only to express excitement, but also add context to their verbal communication. The restricted
body language in the GUI seems to have also have been an effect of the duo screens that
was used. But another possible factor which became apparent mainly through the product
reaction cards, but also through the interview, was the users reaction to the interface. When
looking at figure 7.1 one can notice a large difference in the frequency of the product reaction
card fun. In the TUI it seems that the participants were a lot more entertained, this could have
had a direct effect on the expression of their body language. If the participants in the GUI
were generally more bored they may not have been compelled as much to collaborate and
thus communicate with their participants, as they would in the TUI if they generally found it
more entertaining to play together in that prototype. Though there could be many reasons for
why one prototype was more entertaining than the other, it is important to state that both
prototype in their core, utilized the same game. This fact could point toward that it was not the
game that did the difference but merely the execution. It is very likely that the physical aspect
of the TUI made the game more entertaining.

6.1.4 Difficulty
One interesting point was when the difficulty of the game was lower because the players
having established their “base”, in the GUI version they tended to just seem bored or just
waited in anticipation of something new happening, while in the TUI version they kept
strategizing and discuss various inputs from each other.
We theorized in the Analysis that if the game was too easy, the amount of collaboration would
be significantly lower, we tried this in the GUI version and the tasks involving the game did
become too trivial and the participant acted as singular entities, while it seemed that the tasks
could be performed by one person. We believe we can conclude that the difficulty level of the
game itself supported and encourage the amount of collaboration, which caused the
significant amount of reaction cards with the word stressful to be picked.
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6.1.5 Collaboration
On the TUI version the participants seemed to take advantage of the physical form of the
prototype. This seemed to allow them to not only work more efficiently but also allowed them
to use the physical objects to convey information and opinion, which was something that was
strictly unique to the TUI. This could very likely have been part of why the TUI prototype
seemed to inherit a collaboration form that seemed more alive and active.
When the participants chose the word collaborative their only reasoning for their choice was
that they were playing a multiplayer game, while in the TUI version they were far more
elaborate in their answer. The five groups which chose collaborative of the TUI stated that
their choice lied in their common decisions, how they strategized and that they needed to
collaborate in order to succeed, while in the GUI version they did not see the significance of
collaborating and some saw it as a nuisance of how they shared resources and the map.

6.2 Errors and Bias
As any scientific test problems can occur, in this section aspects of the test which might cause
biases errors will be listed here. We feel that the majority of data is quite valid but some things
might skew some of the results.
During two of the TUI test sessions the light conditions in the room changed, which made it a
bit difficult for the participants to use, since the prototype needs thorough color calibration for
a new light condition, which was not properly executed before the participants arrived. This
had the effect that it sometimes could be harder to place objects at certain locations, since the
daylight changed and affected the light in the testing room. This might have given us some
inaccurate feedback from the two groups. We should of course have been better at detecting
when the TUI should be recalibrated, but we probably should have chosen another room
where we could have had complete control over the light conditions, and therefore avoid this
problem. The lighting condition could also be managed if the kinect read the blocks from
below, because the light will be isolated, this is also optimal because participants bodies can
cast shadows and change the illumination of the board.
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As mentioned in the Methods section (5.1) in the Evaluation chapter, test sessions were
recorded by a video camera and a voice recorder, which would be used for analysing data.
The camera itself did also record audio, which made it easy to just use the video recording for
analysing body language and verbal communication, but the camera only recorded the sound
on the first seven records in the GUI test. This means that for the last two GUI groups and all
the TUI group we had to synchronize the video recording with the audio from the dictaphone,
which was very timeconsuming and might have influenced the data analysis.
The network went out of synchronization when some of the test participants tested the GUI
version, meaning that the enemies were not synchronized correctly across the network
showing the wrong information to one of the participants. We were not sure why this
happened, and could therefore not really prevent it at the time, but this is something that we
need to investigate further, if we want an answer.
Another bias can be found in the interview. To ensure that every test group was asked the
same formulated questions, we planned to use a single person to interview all of the test
participants throughout the whole testing period. But we had to switch interviewer in one of
the cases during the TUI test, because the interviewer had a personal relationship with the
participants. This was done to avoid bias. However, this might have affected the feedback we
received from the participant, since the second interview may not have formulated the
questions exactly as the main interviewer.
One of the bigger biases in general was that we used convenience sampling to test our
prototypes. This sampling is the least costly to the researcher, in terms of time and effort,
however it may also result in poor quality data (Marshall, 1996, p. 2). The test participants
were all students at Aalborg University Copenhagen.

6.3 Summary
During this chapter the evaluation data was analysed and concluded upon. This was done by
looking back at the Evaluation chapter where the results for the GUI and the TUI were
individually handles, then in this chapter we compared the data from both, as well as aimed at
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answering a set of questions that were asked during the Design chapter. Lastly we went
through the errors and biases and while there were some biases they are neglectable.
During this chapter we found that the overall differences between the participants’
performances with the TUI and GUI were significant. Overall it seemed that the constricting
nature of the GUI prototype, inhibited the possible communication both verbally and with body
language. It seemed that the screens took too much attention from the participants while the
board from the TUI seemed to afford a more free interaction and created a better connection
between the participant, both collaboratively and socially. There was also found a possible
correlation between the entertainment value of the two prototypes, and the amount of shared
interaction and collaboration.
In the next chapter we will discuss whether we answered our problem statement or not.
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7 Conclusion
The purpose of this project is to get an answer on the following problem statement:
How is collaboration affected in a game that utilizes a tangible user interface to receive
realtime input?
We started by creating two different interfaces, a graphical user interface and a tangible user
interface. A Tower Defense game was created to investigate the differences in collaboration
between these two interfaces. A test was conducted to see if there were any significant
differences in the participants’ communication, body language and work division. These
elements were important factors for investigating what collaboration entails, and thus aid us in
finding an answer to the problem.
We discovered that there was a difference in how collaboration was affected by the two
interfaces. The tangible user interface turned out to be more suitable for collaboration,
because it was easier for the users to communicate and express their intentions, since they
were able to use body language and gestures in a more effective manner. There were also
less misunderstandings in the tangible user interface, since users were able to express
themselves with less effort, where they mostly used verbal communication while using the
graphical user interface.
These facts suggest that a TUI has positive effects on the collaboration between users, in
particular it seemed to enhance communication and information sharing as well as having an
effect on the amount of body language that the participants used. These were subjects that
were deemed important for collaboration.
Though it seems that the problem statement was answered to a large degree, our test did
have its errors, and possibly the project could have given a more refined answer if execution
of the test had been better. For example a larger and broader sample size, or possibly a
better built GUI for a better comparison. These aspects would probably have concluded in
more precise test results which would have given a more profound understanding of the effect
of a TUI on collaborative interactions.
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8 Future Works
In the last chapter we concluded on our problem statement. In this chapter we will discuss
future work on the project that would be interesting in the future. Here we will discuss how the
prototypes could be refined, as well as future subjects that would be interesting to answer.
A possible enhancement of the TUI prototype would be positioning the kinect to be beneath a
glass surface, where the light conditions would be easier to control. Along with this it would
also be a nice addition if towers could become upgradable since this would add more choice
and necessity for strategic thinking if not also more need for information sharing and
collaboration. Another possible solution to the lighting problem could be to use a depth sensor
in addition, this would detect a difference in height of the physical objects. This could give a
more reliable detection. An obvious enhancement would be with the stand itself, making a
stand that would be easier to move and set up could streamline the process of setting up a
game immensely. Along with this it would also be smart to change the board pieces for more
robust and heavy variants since the blocks can accidentally be moved with a slight amount of
force. The material could be wood which resembles a lot of board game pieces or magnets
could be useful for keeping the blocks in place.
It could also be interesting to look into further testing of our problem statement. After refining
the TUI prototype it would possibly be interesting to see whether the collaboration we found
would be the same between strangers, as it was between peers. It could also be interesting to
see whether collaboration is the same between children as with adults participants.
Another subject of possible future work would be the possibility of diverging to other possible
problem statements. Maybe it would be interesting to for example look into why people use
gestures to communicate and exactly what effect it would have to constrain such use, on their
communicative capabilities. It would also be interesting to see whether collaboration would
have a significant effect on learnability for an educational TUI prototype, since it would not be
difficult to change the TUI prototype to fit such a purpose, and probably still afford the same
amount of collaboration. As discussed above changing the TUI prototype to fit an educational
purpose would be far from impossible. It would not be unimaginable to possibly find a function
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within education for the TUI prototype, since it could possibly promote collaboration, within an
educational context.
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10 Appendix
Appendix A  Product Reaction Cards
The complete set of 118 Product Reaction Cards
Accessible

Creative

Fast

Meaningful

Slow

Advanced

Customizable

Flexible

Motivating

Sophisticated

Annoying

Cutting edge

Fragile

Not Secure

Stable

Appealing

Dated

Fresh

Not Valuable

Sterile

Approachable

Desirable

Friendly

Novel

Stimulating

Attractive

Difficult

Frustrating

Old

Straight Forward

Boring

Disconnected

Fun

Optimistic

Stressful

Business-like

Disruptive

Gets in the way

Ordinary

Time-consuming

Busy

Distracting

Hard to Use

Organized

Time-Saving

Calm

Dull

Helpful

Overbearing

Too Technical

Clean

Easy to use

High quality

Overwhelming

Trustworthy

Clear

Effective

Impersonal

Patronizing

Unapproachable

Collaborative

Efficient

Impressive

Personal

Unattractive

Comfortable

Effortless

Incomprehensible

Poor quality

Uncontrollable

Compatible

Empowering

Inconsistent

Powerful

Unconventional

Compelling

Energetic

Ineffective

Predictable

Understandable

Complex

Engaging

Innovative

Professional

Undesirable

Comprehensive

Entertaining

Inspiring

Relevant

Unpredictable

Confident

Enthusiastic

Integrated

Reliable

Unrefined

Confusing

Essential

Intimidating

Responsive

Usable

Connected

Exceptional

Intuitive

Rigid

Useful

Consistent

Exciting

Inviting

Satisfying

Valuable

Controllable

Expected

Irrelevant

Secure

Convenient

Familiar

Low Maintenance

Simplistic
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Appendix B  TUI diagram of Product Reaction Cards
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Appendix C  GUI diagram of Product Reaction Cards
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Appendix D  Informed Consent
Informed consent
This is an informed consent for a group project made by Group 313 (MED3  2014) at Aalborg
University Copenhagen.
Consent for participation in evaluating prototype
I hereby volunteer to be part of testing the project created by Group 313 at Aalborg University
Copenhagen. I accept to test the prototype and get interviewed after.
1. I am being part of this project voluntarily. I understand that I do not have to participate
and I will not be punished if decide not to participate at some point. I do not expect to
get paid in any way.
2. The test will last about 510 minutes and I have the right to decline to answer any
question asked during the interview.
3. I understand that all my personal information will be kept confidential and secure.
4. I understand that I will be recorded during the test in order to give the interviewees
audio and video capture to gather the received data.
5. I understand that the knowledge gathered through this test can and will be used for an
examination in Medialogy study at Aalborg University Copenhagen.
6. I have read and understood what has been explained to me in this paper and I agree
to be part of your test.
____________________
My signature

____________________
Date
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Appendix E  Observations
Group one
Has played warcraft 3  nostalgi
suprised they share everything  didnt tell them enough from the start
seeks information from each other by sharing their doubts regarding aspects of the game
common language  uses a mix of ours ice, speed & ballista, theirs: maze, and they both
know what it is related to.
Informs each other of the directions the enemies comes from, and shares their considerations
of where the towers should be placed.
annoyed they share their money.
refers to where they place the different things by saying “right”, “left”, “top” and “bottom”
doesn’t move their body at all.
further strategizing
Der forekommer en automatisk rollefordeling, og handlinger uden brug af ord.
too easy
Group 2
Didn’t know they would come so fast.
directs each other in a strategic manner
concludes together that they must sell stuff, to buy other things (i think they need wall).
Knows TD and warcraft 3.
continues to cooperate regarding decisions, placements and the monetary system
no use of body.  as far as i saw
share small outbursts of frustrations
directs jobs to each other
doesn’t plan anything in the break
Game Nr 2.
“you take left” “i take right”
suggests towers, discuss if they’re good, further develops strategy
says what they do and recognizes eachothers choices
discusses economi
needs feedback of where each other is
only builds towers now
says what they're doing, and recognizes each others choices. talks about economi
needs feedback from each others choice
Group 3
Fordeler job og bygger boxen uden at sige det,  er en selvfølge for dem
ene prøver at planlægge den anden kører sit eget, opdager han skal være enig.
den ene placerer den anden planlægger
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kommenterer de ikke kigger på hinanden, vil gerne se hinandens handlinger
Spil 2
den ene dirigerer den anden placerer, gør hinanden opmærksom på fjender.
den ene er irriteret over den anden ikke placerer
tydeligvis prøver den ene at imponere os, læner sig tilbage, søger erkendelse fra os, snakker
ned til den anden. den anden ignorerer tiren og “slår tilbage” og ser ud til at være vant til den
behandling, den første person fortæller os hvordan han bestemmer.
Group 4
minder hinanden om hvor enemies kommer fra,
siger meget lidt, deler planlægningen uden at sige det.
siger mellem spil at de skal planlægge
spil 2
minder hinanden om økonomien, ligger strategi nu
deler jobs ud forstår tårne, foreslår placering nævner ubrugt tårn og vil spare op
group 5
fordeler hurtigt jobs
siger hvad de gør
ligger strategi box style after some time
snakker om fjendernes placering
undskylder for handlinger
da penge er begrænset siger de hvad de har tænkt sig at gøre
før spillet begynder, detajlere de hele deres strategi, både monitært og placering
giver hinanden jobs, lader til at være for at få erkendelse for deres beslutninger, “sæt et tårn
der”  for at få at vide om det er en beslutning den anden er ok med.
snakker om fremtidige valg.
akutte handlinger bliver safr og gjort individuelt
dør  siger det er sjovt og prøver at fortsætte.
Group 6
Maze
opdager mangel på penge minder hinanden om for mange af én slags tårn
fordeler roller uden at sige detïngen snak i noget tid
har strategien på plads lader det til og siger derefter ikke meget
til højre meget passiv og lader den anden tage beslutninger
dør
Spil 2
mellem spil ligger strategi fordeler roller igen. spiral strategi
deler opdagelse om udnyttelser
passive deler intet
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sjovt nok siger de intet mens de vælger kort tydeligvis er de vandt til den passive/dominant
rolle
Dominant = tager beslutninger søger måske input, prøver sådan set ikke at bestemme
Group 7
Ene er tydeligvis stiv
planlægger men koordinationen er tydeligvis dårlig. dør ekstremt hurtigt
en tager styringen, forklarer tingene for den anden når hun gør den samme fejl.
spil 2
Starter hurtigt,
samme ting sker… hun fatter hat
han kører tactic
deler sine ændringer
spørger om der er en koalation melle tårne og monsternes farve
efter de har fået mange resurser lader han hende gøre ting
kongratulerer hinanden
Group 8
snakker med det samme om strategi
siger hvad de synes de skal gøre til hinanden
overgiver kontrol til hinanden
fortsætter med at diskutere hvad de skal placere. Resource management fortsætter
siger alle mulige forslag, bytter roller
siger deres scaghed
foreslår forskellige strategier fortsætter med at forbedre
stadig intet kropsprog, siger status
klarer sig bedst
system crasher
Group 9
sætter dyreste tårne og finder ud af de skal sælge det
foreslår wall
komplimenterer hinanden
halvt laver deres eget hvor de siger det de gør den ene foreslår den anden placerer
intet kropsprog
spil 2
udpeger hvor enemies kommer fra
deler roller ud
udelukker tårne på erfaring
meget passive mod slutningen
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har fundet strategi og udfører plan sammen
system crasher
ene lidt uintereseret
den anden prøver mere at dele indtryk og placerer går langsomere da den anden kun
reagerer delvist.
TUI
Group 10
Knows TD
One explains their function without knowing the game itself deducts from experience
language our and theirs  swirrel, tunnel
can better plan with each other by pointing, illustrating in front of the other
consider everything, money, map enemies
theorizes a lot suggest different strategies
keeps giving strategies, and suggestions
points with blocks, points with fingers, illustrates with hands
draws on experience sort and prepares blocks
tells observation
suggestions by hovering blocks over places, which should be replaced
one takes control because it’s on his side
knows there is no barrier
shares loads of information
doing much better than GUI
faster seeing stuff
too easy, not enough blocks does not stop playing even though they won
still playing
Group 11
Spil nr 2
peger meget med fingre og blokke
planlægger før de starter
virker bekymrede
deler informationer og observationer
dør igen
fordeler jobs
lægger mange strategier og fortæller input
så ud til de gør op
Group 10  Itai
Strategising
Figuring out mechanics
Swirrel maze
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Cross communication
One takes “command”
Clearly one shows knowledge this gives him influence
*pointing
they utilize physical communication to plan (pointing and talking)
Maybe a lack of feedback
One grows silent gives out few suggestions
The other has clear influence (maybe he is more enthusiastic, he seems to invest more
energy on the game)
They utilize the update feature for swapping towers
Though one seems more active
The collaboration seems alive
The found a common goal  beating the game
Testing boundaries of game
Group 11
Starting communication
De bruger deres fingre til at pointere punkter
De bygger rimeligt randomly
Endelig strateserer de
Frantic communication
Lidt collaboration, dog har en lidt mere influence
Nyt spil
Denne gang planlægger de inden spil
Meget stille lidt kommunikation mens de venter på at have nok guld til tårne
Mangler feedback for range på tårne
mod slutningen lod det til de gav op, og så opgivende ud da de realiserede de var døende
Group 12
Takes care of one side each
speaking out loud their observations
One is making decisions without waiting for input from the other player
Sharing opinions again
Have played warcraft 3 before
Itai:
Communication
smule collaboration som de følger en fælles plan.
De omkonfigurerer plan.
De lærer af fejl og gennem kommunikation
Magnus:
Tager sig af hver sin side
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siger iagtagelser
en tager beslutning uden input
har spillet warcraft 3
Nyt spil
Itai:
Peger for kommunikation
Bruger klassisk TD code “Spirallen”
“rekt” = gamer code.
Kommunikerer plan
Plan fungerer denne gang
De venter på guld
De diskuterer strategi “tror heavy tårnet var en stor fejl”
Siden de er langt bagud så er spillet meget svært for dem.
Magnus:
Deler strategier, laver flere teoretiske foreslag
er på samme side, kommer med forslag
informerer om iagtagelser
fremtige strategier
bange for at pege?
peger på noget istedet for at sige ordene når de snakker
Group 13
Itai:
Cross kommunikation
Bygger uden kommunikation
Taler lavt, bytter viden fra observationer
Peger for kommunikation
De diskuterer placering af tårne indbyrdes
Selvom der er stille så er der en god kollaboration

Magnus:
kender til TD, virker ikke sikre
sidder så småt at udforske typerne
deler observationer
foreslår hvordan de skal fortsætte
peger rundt
bruger sproget vi giver dem
siger ikke meget
observerer de placerer for meget i forhold til det kapital de har, tager hurtige beslutninger.
giver op og gør ikke mere
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generelt lod det til de ikke følte sig sikre på spillet
Group 14
Magnus:
Plan ahead and points a lot
language: splash, spiral, choke, entrance, builds, core, saying various noises
Plans a lot
recognizes a lot
gives alternatives
Foreigners use their body language a lot more, tend to ask a lot of questions
optimizes a lot
Informs each other of the errors made by the other
Discusses effectiveness
points, draws in the air, can point faster to immediate points
Itai:
Instantly code
Good commnunication
POints to indicate position
Cross communication
Even influence
good strategizing
use hands alot for commuication
alot of planning
Share information
They found plan for breaking game
Division of work (each wants to block their side of the maze interchangeably)
Talking alot
continuously planning
Continuously try to find a way to break game
“surprisingly fun though”
Nyt spil
Magnus:
Describes them as “we”, pointing with fingers.
Their body reflects what they are experiencing.
Does not show enemy types on the mini map.
Directions with thumbs
Taps towers.
divides roles evenly, “now we’re talking”.
Compliments as a group, uses hands while speaking without gesturing something specific.
Cheats.
When they felt they won they try to break the game.
113/118

Group 313

MED3

Itai:
Point and show with blocks what they plan to do
Draws path with fingers
logically conclude how the game works and plans for this
Create code as they go “zig zag”
move blocks to show idea
“grind zone”  code
makes sure that information is shared
Preplan and follows plan when game goes
Use noise to indicate action “Swoop swoop” as he swaps blocks
points out plan as they go with gestures (pointing “drawing”)
points out direction with fingers.
Name areas of maze to indicate point on map.
Division of work by who is closest
Group 15
Magnus:
Make strategy from the start.
Places one object at a time.
Uses “our” language.
Knows automatically where they shall place the towers.
Halts because the board has functionproblems
Points, talking.
Itai:
Cross communication
mostly verbal communication
One seems in charge
Seems afraid to cross the border
Rimelig ensidet dog skyder anden part også ind.
Group 16
Magnus:
Forms a spiral without saying it loud.
Uses experiences from previous TD games they have tried.
Not saying that much.
Prepare themselves with blocks.
Speaking about taking advantages of bugs in the software.
Is still not saying that much  think they are tired.
Language: overcrowded, splash.
It is obvious they do not feel like testing due to other commitments, lack of energy, bugs etc.
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Itai:
Pege for at indikerer position
Lidt ensidet kommunikation
Strategerer lidt
Meget stille kommunikation
Videregier information
kalibrering er lidt dårlig
Meget lidt diskussion
Der bliver sendt forslag men de virker ikke til at blive fuldt ud hørt

Group 17
Magnus:
Very afraid of the prototype.
Sharing information.
One is making fast decisions.
Giving each other roles.
Preparing by sorting out what they will do in the beginning.
Speaking out loud their actions, and making each other aware of colours/holes.
Are not used to these kind of games, but are slowly gaining confidence as the game
progresses.
Did not use a certain type of language.
Ended up not being afraid.
No specific distribution of assignments in the end.
Itai:
Participants have no experience with genre (Tower defence)
discussion om plan
Peger for at vise tanker
Snakker om strategi
Foreslår planer for hinanden
Videregiver information  udpeger fjender for at vise farer
Udpeger resourcer (de havde rigeligt med gold)
SWOOPING
Viser forståelse for spillet igennem fælles eksploration
Der er ikke nogen tydelig dominans
Group 18
Magnus:
Inform each other of various informations in the game.
Very dynamic.
Gaining confidence.
Not afraid to switch roles during the game  building the same way both of them.
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Points, showing important things on the board.
Itai:
De diskuterer strategi
Udpeger resourcer
De videregiver information både om fjender og om tårne til hinanden
Peger for reference
Udpeger fare punkter for hinanden (der er mange fjender der)
De spørger hinanden for information
Group 19
Magnus:
Strategizing, pointing, tapping, uses hands as waves.
Divulge information.
Language: upgrade, guys, defenses, breach, splash, “pushing”.
Points to where they theoretically could do things.
Discuss economy.
Has the strategy nailed down.
Building a spiral.
Future predictions, enemies, towers.
Shares informations.
Draws on previous experiences.
One replaces, one continues the spiral.
Quite relaxed since they know their roles.
Make sounds, gestures on body when hurt.
Itai:
Point + draw
use gestures to point out plan
One takes dominance
points out resources
Makes suggestions for future plans ← points towards negotiation
Place alot without discussion
A bit onesided interaction
Very little coplanning at this point
Cross communication is almost nonexistent.
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Appendix F  Interview questions
Interview:
Gender:
(køn)
Age of participants
(Alder)
1. Explain why you chose your reaction cards
(Forklar hvorfor du/i valgte de kort?)
2. Have you ever played a Tower Defense game before?
(Har du prøvet et Tower Defense spil før?)
3. Did you divide roles (who did what)? Why did you divide your roles?
(Delte i rollerne op (hvem gjorde hvad?)? Hvorfor delte i dem op?)
4. On a scale from 15, how difficult was the interface to use? 1 very easy  5 very hard
(På en skala fra 15, hvor svær var platformen at bruge? 1 meget nemt  5 meget
svært)
5. Did you and your partner collaborate during the gameplay? Can you give us some
examples on when you did?
(Samarbejdede I da I spillede spillet? Kan i give os nogle eksempler om hvornår i
gjorde det?)
6. Did you feel that you had a common goal to strive towards? What was your common
goal?
(Følte du/i at i havde et fælles mål? Hvad var jeres fælles mål?)
7. Did you discuss decisions before making them? E.g. when you placed a tower.
(Diskuterede i jeres beslutninger før i gjorde noget? F.eks. når i skulle placere et tårn?)
8. Did you feel that the interface affected your collaboration in any way? e.g. did it
limit/improve the communication between you and your partner?
(Følte du/i at platformen påvirkede jeres samarbejde?)
9. Did the interface perform as you expected e.g. when pressing a button/placing a
tower?
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(Synes du/i at platformen fungerede som du/i troede. F.eks. da i trykkede på en
knap/placerede et tårn?)

GUI:
How do you think the dynamic/communication would change if you were side by side
using the same interface?
(hvordan tror i jeres dynamik/kommunikation vil ændre sig hvis i stod over for
hinanden?)
TUI:
How do you think the dynamic/communication would change if you weren’t side by
side, and instead used separate computers?
(Hvordan tror i jeres dynamik/kommunikation vil ændre sig hvis i ikke var over for
hinanden?)
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