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Abstract
Nowadays, mobile devices offer a wide variety of features and sensor capabilities
that can be applied into everyday problems. This is being used by the commu-
nity in order to provide more intuitive tools that facilitate users to tackle these
problems. In this thesis, I present my work which aims at providing an afford-
able, non-intrusive, easy to use and intuitive tool that enables users without
any musical background to create music collaboratively and enjoy this activity
by using NFC enabled mobile devices and NFC tags. I introduce the "Rela-
tive Position Awareness" which is utilized to allow users to create a music piece
based on the relative position of the devices. To do that, I implement a proto-
type that includes Near Field Communication (NFC) and study whether NFC
is a suitable technology for supporting the positioning awareness system. In
addition, I also study the interactions that occur while users are collaboratively
creating music pieces. I run several user studies that indicate my prototype is
suitable for supporting music creation collaborative activities, that NFC pro-
vides a high level of accuracy when it comes to support the relative positioning
system and that the prototype fosters social interaction among the users. Part
of the results from this research effort have been presented in Fifth Workshop
on Ubiquitous Music (V UbiMus) and can be found in Exploring the potential
of mobile technology for creating music collaboratively [1].

Keywords
NFC-based interaction, collaborative music creation, relative position aware-
ness, ubiquitous technology.

2



Acknowledgements
With this thesis I accomplish a level that in the past no one expected me to
reach, including myself. During my studies in high school I had it very clear
that I would never attend university to study a bachelor degree, according to my
deep ignorance, I thought it was not for me, it was for ’smart’ people. For this
reason, I decided to join a two year program that aimed at preparing students to
work as developers. Luckily, during these two years I met an inspiring teacher,
Moisés Enrique Pérez Suarez, who pushed me to try at least one year at the
university. According to him, I had what it takes. By that time, my uncle
Erasmo made his part by offering me his help with the mathematics. So, I
did follow their advices and took a first step and joined a bachelor degree in
computer science. While I was doing this degree, I made two promises to myself;
by that time my grandmother got sick and the first promise was to finish the
degree while she was alive, and the second was to never join a master degree.
But as most things in life you cannot keep all promises that one does, therefore
I did not complete one of them. When I came to Sweden as an Erasmus student
I met Cecilia, a person who has helped me by reviewing most of my work as
well as this thesis, and helped me to find several reasons that weight more than
the initial one I had for not proceeding with a master. So I joined the Social
Media and Web Technologies master program, where I met great people willing
to make a difference such as Mhretab and Lampros and some other willing to
help me and put me in another level such as Nuno and Didac. Without all the
people I have met during the past years I imagine myself being in another place
doing regular things that people most often do when they live in a village of
6000 people. Thanks to them, for me everyday is a challenge, a challenge that
I will always tackle with their help.

To conclude, I must thank the people that have supported me uncondition-
ally even if they are not a part of my academic life. These are my parents
Domingo and Ana Delia, my brother Joshua and sister Tamara, and my friends
Oliver, Tatiana, David, Yaiza and Alexis.

3



Contents

1 Introduction 8
1.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.2 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
1.3 Introduction to Prototype Description . . . . . . . . . . . . . . . 9
1.4 Introduction to Scenario . . . . . . . . . . . . . . . . . . . . . . . 10
1.5 Summary of Research Results . . . . . . . . . . . . . . . . . . . . 10
1.6 Structure of Thesis . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2 Related Work 12
2.1 Introduction to Related Tools . . . . . . . . . . . . . . . . . . . . 12
2.2 Activity Aspects . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.3 Location Aspects . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.3.1 Collocated . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.3.2 Distributed . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.4 Deployment / Installation Options . . . . . . . . . . . . . . . . . 16
2.4.1 Web . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.4.2 Stand-alone . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.5 Input Aspects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.5.1 Mouse and Keyboard . . . . . . . . . . . . . . . . . . . . 17
2.5.2 Ubiquitous and Tangible User Interfaces . . . . . . . . . . 18

2.5.2.1 Mobile Technologies . . . . . . . . . . . . . . . . 18
2.5.2.2 NFC . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.5.2.3 Specific Hardware for Music Creation . . . . . . 20
2.5.2.4 Touch Screen . . . . . . . . . . . . . . . . . . . . 21

2.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

3 Problem Domain and Research Questions 26
3.1 Research questions . . . . . . . . . . . . . . . . . . . . . . . . . . 26

4 Methodology 28
4.1 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
4.2 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . 28
4.3 Low and mid fidelity prototypes . . . . . . . . . . . . . . . . . . . 29
4.4 Prototype v1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.5 Prototype v2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
4.6 Questionnaires . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
4.7 Videos recordings . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
4.8 Software Development Methodology . . . . . . . . . . . . . . . . 33

5 Scenario Description 35

6 Informing the design through a selective analysis of previous
work 39

4



7 Low and mid fidelity prototypes 40
7.1 First User Study . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
7.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

8 Prototype v1 43
8.1 Assumptions and Summarized Requirements . . . . . . . . . . . 43
8.2 Software Decisions . . . . . . . . . . . . . . . . . . . . . . . . . . 43
8.3 System Architecture . . . . . . . . . . . . . . . . . . . . . . . . . 47

8.3.1 Architecture Description . . . . . . . . . . . . . . . . . . . 47
8.3.2 Nodes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
8.3.3 Components . . . . . . . . . . . . . . . . . . . . . . . . . 49
8.3.4 Architecture Implementation . . . . . . . . . . . . . . . . 51

8.3.4.1 MAS Implementation . . . . . . . . . . . . . . . 51
8.3.4.2 NFC . . . . . . . . . . . . . . . . . . . . . . . . . 51
8.3.4.3 Native Application . . . . . . . . . . . . . . . . . 52

8.4 Evaluation of Solution - Second User Study . . . . . . . . . . . . 52
8.4.1 Selection of participants for user study . . . . . . . . . . . 53
8.4.2 Materials and Resources . . . . . . . . . . . . . . . . . . . 53
8.4.3 Results and Analysis . . . . . . . . . . . . . . . . . . . . . 54

8.4.3.1 User Interface Satisfaction . . . . . . . . . . . . 54
8.4.3.2 Perceived usefulness . . . . . . . . . . . . . . . . 55
8.4.3.3 Perceived ease of use . . . . . . . . . . . . . . . 56
8.4.3.4 Negative and positive comments . . . . . . . . . 57
8.4.3.5 Video recordings and observations . . . . . . . . 58
8.4.3.6 Conclusions of second study . . . . . . . . . . . 59

9 Prototype v2 61
9.1 Summarized Requirements . . . . . . . . . . . . . . . . . . . . . . 61
9.2 Software Decisions . . . . . . . . . . . . . . . . . . . . . . . . . . 61
9.3 System Architecture . . . . . . . . . . . . . . . . . . . . . . . . . 62

9.3.1 Nodes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
9.3.2 Components . . . . . . . . . . . . . . . . . . . . . . . . . 62

9.4 Evaluation of Solution - Third User Study . . . . . . . . . . . . . 63
9.4.1 Selection of participants for user study . . . . . . . . . . . 63
9.4.2 Materials and Resources . . . . . . . . . . . . . . . . . . . 64
9.4.3 Results and Analysis . . . . . . . . . . . . . . . . . . . . . 64

9.4.3.1 User Interface Satisfaction . . . . . . . . . . . . 65
9.4.3.2 Perceived usefulness . . . . . . . . . . . . . . . . 65
9.4.3.3 Perceived ease of use . . . . . . . . . . . . . . . 66
9.4.3.4 Negative and positive comments . . . . . . . . . 67
9.4.3.5 Video recordings and observations . . . . . . . . 68

10 Summary and Conclusion 70
10.1 Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
10.2 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

5



A Previous Study 79

B Planning 95
B.1 Target Domain Characteristics . . . . . . . . . . . . . . . . . . . 95
B.2 Hypotheses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
B.3 Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
B.4 Propositions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
B.5 Procedures and Roles . . . . . . . . . . . . . . . . . . . . . . . . 97

B.5.1 Roles of Research Members . . . . . . . . . . . . . . . . . 97
B.5.2 Phases of the study . . . . . . . . . . . . . . . . . . . . . 98

B.6 Data Collection . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
B.7 Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

B.7.1 Hypotheses confirmation . . . . . . . . . . . . . . . . . . . 101
B.8 Study Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . 101

B.8.1 Internal Validity . . . . . . . . . . . . . . . . . . . . . . . 101
B.8.2 External validity . . . . . . . . . . . . . . . . . . . . . . . 102
B.8.3 Reliability . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

B.9 Reporting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
B.10 Schedule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

C Questionnaires and Results 105
C.1 Questionnaires . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
C.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

D Prototype v2 in screenshots 110

6



List of Figures
1 Overview NFC Interactive Displays (adapted from [2]) . . . . . . 19
2 Polymetros instrument (adapted from [3]) . . . . . . . . . . . . . 20
3 Beatbug instrument (adapted from [4]) . . . . . . . . . . . . . . . 21
4 Methodology overview . . . . . . . . . . . . . . . . . . . . . . . . 29
5 Overview: Agile software development approach . . . . . . . . . 34
6 Representation of the scenario used within this study. . . . . . . 35
7 Use Cases Diagram for the described Collaborative Music Cre-

ation scenario. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
8 Screenshot: web application for creating music collaboratively.

Taken from [5]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
9 Instance of the NFC Tags Grid . . . . . . . . . . . . . . . . . . . 45
10 Instance of the centralized approach: Sequence diagram for the

use case "Pick a Position". . . . . . . . . . . . . . . . . . . . . . . 46
11 Architecture described using a layers diagram (adapted from [6]). 47
12 Architecture described using a component diagram (adapted from

[6]). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
13 Sequence diagram that explains the use case "Join the group". . . 52
14 Sequence diagram for the use case "Pick a Position" . . . . . . . 62
15 Location of the cameras during execution of the user studies. . . 100
16 Results from the second study . . . . . . . . . . . . . . . . . . . . 108
17 Results from the third study . . . . . . . . . . . . . . . . . . . . 109

List of Tables
1 Related Work Summary . . . . . . . . . . . . . . . . . . . . . . . 23
2 Results obtained from QUIS in the second study. . . . . . . . . . 55
3 Results obtained from PU in the second study. . . . . . . . . . . 56
4 Results obtained from PEU in the second study. . . . . . . . . . 57
5 Results obtained from QUIS in the third study. . . . . . . . . . . 66
6 Results obtained from PU for third study. . . . . . . . . . . . . . 67
7 Results obtained from PEU for third study. . . . . . . . . . . . . 67
8 Questions and possible answers on PEU questionnaire. . . . . . . 105
9 Questions and answers on PU questionnaire. . . . . . . . . . . . . 105
10 Questions and possible answers for QUIS. . . . . . . . . . . . . . 106
11 Requirements sorted by average importance rate given by the

experts. Results from the firs study . . . . . . . . . . . . . . . . . 107

7



1 Introduction
"Novices in music usually do not have the knowledge and confidence to create
music by themselves" [5]. For this reason, Miletto et al. [5] establish differences
between the music composition process and the music creation process. These
authors claim that novices might not have the formal musical knowledge to
compose music but are able to create music based on their own creativity and
improvisation skills [5]. The music composition process is usually a solitary
activity where musicians compose music by themselves using musicians oriented
tools that only they can understand due to complex concepts and interfaces [5].
On the other hand, Miletto et al. [5] claim that the music creation process is
usually a prototypical and iterative process that do not require formal musical
knowledge and that allows users to refine, test and change before reaching a final
version [5]. For this reason, Miletto et al. [5] distinguish between musicians, who
are music producers with experience and knowledge on making music, and non-
musicians or "novices in music creation", people without formally taught musical
skills [5]. This thesis puts its focus on supporting novices in music creation by
considering collaborative activities with mobile technology. According to Zhou
et al. [7], tools focused on novices must reduce the technical difficulties that
real instruments demands in order to allow music creators to focus more on
musical creativity and improvisation. Furthermore, many researchers suggest
that the intuitiveness of the digital tools and the intrinsic nature of collaborative
activities provide benefits to the target group [7], [5], [3], [8], [9], [10]. Moreover,
many researchers suggest that gathering novices in groups and enable them to
create music, provide many benefits such as fostering collaboration, discussion,
argumentation, collective creation, creativity and improvisation [5], [3], [8]. In
addition to that, many experts also support that collaborative activities, in
general, provide many benefits to the learners [9], [10], [11]. Lipman, on his
book "Thinking on Community" (2003), argues that these type of activities
encourages them to accept challenges, leading them to build their own ideas and,
at the same time, teaching them how to listen respectfully to their partners [9].
Additionally, Mercer, on his paper "The quality of talk in children’s collaborative
activity in the classroom" (1996), supports the argument that participants in
collaborative activities gain the cognitive and socio-emotional domain [10].

1.1 Background
The traditional approach to create music is using instruments. However, novices
in music creation usually do not have the high technical expertise that most of
the instruments require in order to create interesting sonic products [7], [8].
As an alternative to the use of traditional instruments, many experts and re-
searchers in the field suggest that computers can create music, in which the role
of the computer is to simulate the instrument and reduce the constrains that
these impose for novice users [12], [13], [7]. Tanaka [13] argues that digital syn-
thesizers are able to mimic the sounds of orchestral instruments, while Brown
and Dillon [12] present a solution in which computers can respond to human
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gestures, via gesture recognition, and allow equivalent interactions to the ones
a user would do with a piano [12]. In another example, Zhou et al. [7] took
advantage of the sound synthesis technology and sensor capabilities integrated
in mobile devices for simulating a wide range of instruments.

Mobile technologies offer the capabilities to process information as comput-
ers but in this case, it happens on the move - mobile computing. According to
several researchers [14], [15], [16], mobile technology allows users to move around
without the constraints imposed by wired computers. In addition, mobile tech-
nology also provides context acquisition (through sensors) and context aware-
ness (applications that adapt based on the current environment) [14], [15], [16].

The wide variety of features and sensors provided by mobile devices, offers
a wide range of interactions to support the users in their music creation pro-
cess. As stated by Bengler and Bryan [3], emerging interactive technologies,
such as mobile devices, support novices to overcome the mentioned high tech-
nical demands that the music creation process requires. According to Bengler
and Bryan [3], the mobile interactive technologies facilitate novices to have the
control over some musical activities and interactions by providing intuitive and
easy-to-use input methods and interfaces.

1.2 Motivation
The main focus of this work is on how to support novices in music creation
in collaborative activity settings using mobile technologies. Beside the benefits
that mobile devices can bring to novice users in the field of music creation, it is
important to remark the current trend in adoption of mobile devices. Nowadays,
4.5 billion people already posses a mobile device and this trend is forecasted to
continue growing and even increasing its speed [17]. Besides, the trend suggests
that the number of mobile devices owned by younger users will grow in a near
future [17]. This is an interesting aspect since part of the target group are
children and younger users.

Based on the reasons presented above, I consider mobile technology to be
a potential candidate to support collaborative music creation activities. In
this study, I combine several capabilities offered by mobile technology in order
to provide an intuitive and easy to use tool. To provide this intuitiveness, I
propose the following positioning concept, the "Relative Position Awareness".
This concept aims at enabling mobile devices to be aware about which position
they are having within a group of devices, and to allow users to create music
based on these positions.

1.3 Introduction to Prototype Description
In the previous section, the "Relative Position Awareness" concept was intro-
duced. This enables the users to play music following the order in which the
devices are placed on a table. The idea behind the "Relative Position Aware-
ness" concept is to facilitate the way that users can create music by providing
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new types of interactions. As a result, my tool aims at enabling users to focus
more on the music creation process rather than on how the technology works.

The "Relative Position Awareness" concept requires a high accurate posi-
tioning system. For this reason, I have combined several technologies such as
a stand-alone application, Near Field Communication (NFC) and a distributed
decentralized system implemented with Multi-agents system (MAS). The stand-
alone application provides the access to the features within the mobile devices
such as microphone and NFC, the user interface and the media manager in order
to reproduce, listen and record sounds. The NFC is used to sense 2D positions
and the MAS is used to establish communication with the mobile devices within
the group and notify them about any changes occurred within the system.

1.4 Introduction to Scenario
The tool I am introducing in this research work enables users to mix and se-
quence sounds using the relative positioning capabilities. Each mobile device
obtains a relative position and holds a sound selected by the user, which will
be later played based on this position. In this way, users are able to sequence
sounds by putting mobile devices one after other or mixing the sounds by putting
the devices in the same position. For instance, a scenario where users can se-
quence sounds occur as follows: if three users with the following devices (X, Y,
Z) obtain the following positions X=2, Y=3 and Z=4. Once, the play button
is pressed the device X will play its sound, when X finishes playing its sound,
the device Y starts. In the same way, the device Z waits until Y finishes and
then play its sound. An example of mixing sounds occurs when having the same
three devices as before (X, Y, Z) with the following positions X=1, Y=1, Z=1
and the users press the play button, all the devices start playing their sounds
at the same time.

In order to obtain positions using a NFC-enabled device, the user must place
his device on a NFC tag which uniquely identifies a cell within a grid filled with
NFC tags. Once the cell is identified, the device is able to know which row
and column has been obtained by the device. At this stage, the position of the
devices is based on the column provided by the cell. This approach limits the
number of positions that can be obtained and also the freedom of the users. For
this reason, in the near future I am planning to give more freedom to the users
by providing the capabilities to create their own layouts.

1.5 Summary of Research Results
In this work, I evaluate the software solution by running several user studies.
In these studies, I use standard questionnaires to measure usability, usefulness
and user interface satisfaction, and video recordings in order to observe user
interactions and system’s behavior. To measure usability and ease of use, I de-
cided to take two questionnaires Perceived Usefulness (PU) and Perceived Ease
of Use (PEU), both are part of the Technology Acceptance Model (TAM) [18].
To measure the user interface satisfaction, I utilized the Questionnaire for User
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Interface Satisfaction (QUIS) [19]. In the user studies, I involved experts on
emerging technologies and students with HCI and emerging technologies back-
ground in order to have a grasp of the likes, dislikes about the interactivity and
the features provided by the software solution. The results of the user studies
enabled me to refine the initial prototype and indicate that this artifact con-
forms to basic usability criteria and supports the needs of the novices within
the scenario presented in Scenario Description (see Section 5). The results show
that collaborative music creation activities can be supported by the concept
"Relative Position Awareness". This concept opens new boundaries and new
scenarios of application, where the main idea is to provide new types of inter-
actions and new ways to interact with the tool. Therefore, in the near future, I
plan to find new application areas where the prototype can fit.

1.6 Structure of Thesis
This research work is split in four parts. The first part is composed by Section
2, 3 and 4, in which I put this research in context and give an overview of the
methodology. The second part contains Section 5, 6 and 7 where I describe a
previous work done that sets the basis of this thesis. The third part with Section
8 and 9 provide the contributions of this work with two user studies and a list
of requirements for further improvements that are presented within the fourth
part. This part summarizes the results, provide the conclusions by answering
the research questions, list the limitations of this study and describe the future
work.

11



2 Related Work
This section reviews research and development work done in order to enable
users to utilize computers for creating music collaboratively and ensuring ap-
propriate levels of intuitiveness and ease of use. The wide variety of existing tools
that, in different ways, support playing music collaboratively demonstrate the
importance of this topic. Below, I introduce and analyze several tools that are
relevant for this project in order to understand what advantages and drawbacks
each of these provide. The tools are categorized into four major dimensions;
Activity Aspects, Location Aspects, Deployment Aspects and Input Aspects.

To end this section, I present a table that summarizes the characteristics
of each solution and list what the open challenges identified within this section
are.

2.1 Introduction to Related Tools
In this subsection, I introduce tools that support collaborative music creation
activities. The first tool is CODES [20] which is a web based application focused
on novices and that enables them to cooperate with each other in order to create
a piece of music [20]. Additionally, this application allows novices to refine the
music piece resulting on a iterative and collaborative process [20]. The second
tool is JamSpace [21] which is an interactive tool focused on novices that takes
advantage of the low latency offered by local networks (LAN) to enable users
to create music collaboratively. JamSpace is composed by a hardware and a
software [21]. The hardware is called JamPad and it allows the users to trigger
musical notes and its loudness through a flat surface with 12 pressure-sensitive
pads [21]. The loudness is based on the force put by the user while pressing
a sensitive-pad [21]. The software provides a server application and its GUI,
which enables users to see information and modify several aspects regarding
the tracks, tempo and real-time jamming [21]. This tool offers four levels of
interactivity that users can choose in order to have more or less privacy. Among
these levels, there are two that are relevant for me: the Personal Space, where
users cannot interact but they see each other and listen to other’s music contri-
butions [21], and the Shared Space, where users can submit or broadcast their
contributions, see who is listening to them, and collaboratively alter already
submitted works [21]. Another tool is Polymetros [3] which is a centralized soft-
ware that utilizes a multi-user hardware to provide high levels of interactivity.
This hardware is a table-based wired tool composed by 8x8 buttons following a
matrix approach (A x B), where A is assigned to time in beats and B is assigned
to pitch [3]. In this tool, every player needs a Polymetros interface in order to
interact with the system [3]. As CODES [20], Polymetros allows the users to
cooperate in order to create personal contributions and also to collaborate in or-
der to refine the result of the cooperation [3]. The next tool follows Polymetros
approach and it is called Beatbug [4]. This tool is also a centralized solution com-
posed, among other things such as an amplifier and a computer, by a software
and wired user interfaces. These interfaces are used to participate in the musical
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activity and contain sensors that enable users to input data, such as the drum
sensor [4]. This sensor obtains the time stamp of the hits given by the users
and measures its strength. Based on that, the system produces an output [4].
Beatbug [4] offers three user modes: Free play, Drum-Circle and Snake mode,
in which the first allows users to get to know the tool. The Drum-circle mode
offers collaboration capabilities and is more complex because it requires social
interaction and a leader, who is responsible for managing the interactions [4].
The last mode, Snake mode, offers cooperation and collaboration capabilities,
since it allows users to create their personal contributions and, later on, decide
if they want to share it to be refined or not [4]. Another tool is Malleable Mobile
Music [22] which is a tool composed by mobile devices that enable its users to
collaborate remotely. These devices are modified PDAs that allows to locate the
users, to measure the intensity produced by the user while holding the device
and to capture how the users produce swings and gestures using different type
of sensors, such as GPS, force sensing resistors and accelerometers [22]. These
sensors produce involuntary inputs to alter the music output [22]. Malleable
Mobile Music creates a "social re-mix" based on the location of users, intensity
used to interact with the device and the gestures made by the users while using
the devices [22]. Cotracks [23] is a commercial product that utilizes a single iPad
in order to enable users to create music collaboratively. This tool is an instance
of mobile technology and it uses the touch screen as input channel [23]. Cotracks
allows a maximum of four players at the time [23] and provides two modes; the
individual mode, which offers a wide variety of features well presented within the
UI, and the collaborative mode. Another interesting tool is Mogclass [7] which
enables its users to create music based on body movements [7]. This tool allows
users to create music collaboratively and assists teachers to manage the class-
room [7]. Additionally, the teacher posses a mobile device that allows him/her
to change several aspects, such as students’ user interface or to mute specific
students’ devices [7]. The last tool to mention is the reactTable [24] which uses a
tabletop tangible user interface in order to allow users to collaborate with each
other [24]. The reactTable allows users to collaborate in co-located settings and
in distributed settings [24]. In co-located settings, the users share the screen and
the resources provided by the tabletop [24]. However, when using the reactTable
within distributed settings, each user posses their own screen and resources [24].

2.2 Activity Aspects
The focus of this research study is on collaborative music creation activities. The
main characteristic of this type of activities is that it requires social interaction
and "imply direct interaction among individuals to produce a product that in-
volves negotiations, discussions, and accommodating others’ perspectives" [11].
Therefore, participants are expected to interact with each other in order to
achieve a common goal respecting each other’s contribution. According to Zu-
rita and Nussbaum [25], collaborative activities are composed by a set of indi-
vidual and group tasks. However, splitting participants in groups and assigning
them tasks does not necessarily bring collaboration within a group [11], [26].
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Research suggests that collaborative activities provide many benefits to its
participants [9], [10], [27]. For example, group interaction such as oral com-
munication in a discussion might facilitate the acquisition of argumentation
skills and thus prepare for real life situations [10], [27]. Furthermore, collabo-
rative activities foster deeper learning, develop self-management skills, leader-
ship, enhancement of cooperative skills, and managing understanding different
perspectives [10], [27]. Moreover, this type of activities motivates and leads
participants to accept challenges, to build their own ideas, to think critically, to
learn how to listen respectfully to their partners and to better understand new
concepts [9], [27]. However, running collaborative activities also involve costs
such as the time spent on preparing the activity. For instance, in some cases
collaborative activities require the assignment of roles to each participant and
this implies some sort of negotiation. Another potential difficulty appears when
it comes to evaluate individual contributions within a group. This is because,
in most of the cases, the participants do not contribute equally to the common
outcome and this could result in perceived unfairness and conflict.

Summarizing, the idea behind supporting collaborative activities is to en-
able participants to reach a common goal through concerted individual efforts.
Frequently, these individual contributions foster improvisation, discussion and
argumentation that guide the group to reach a common agreement. This agree-
ment results in a common solution to a given problem/question.

2.3 Location Aspects
This dimension is relevant to this study due to the different aspects that the
activities have depending on their location. For example, I might consider the
relevance of the location by depending whether the activity takes place indoors
or outdoors or if the users are performing the activity in collocated or distributed
settings. Tools created for indoors activities might not have the same require-
ments regarding mobility as tools created for outdoor activities. For indoor
activities wired computers and similar technologies can be perfectly suitable
solutions depending on the specifications of the activities. Most of the tools
introduced in Introduction to Related Tools (see Subsection 2.1) are solutions
focused on indoor activities such as CODES [20], JamSpace [21], Polymetros [3],
Beatbug [4] and Mogclass [7]. In contrast, for outdoors activities, the mobility
factor is often a crucial aspect since I frequently want to enable the users to freely
move around and explore the outdoor environment, but, at the same time, be
connected to digital networks taking advantage of extended informational re-
sources. Only the Malleable Mobile Music [22] solution focuses on supporting
collaborative music activities within outdoor settings. Among all the introduced
tools, there is one that support both settings, indoors and outdoors. This tool is
Cotracks [23] since it utilizes mobile technology, it can be used within both set-
tings. This tool does not require extra features or services, and it only depends
on its battery life.

Collaborative activities can be split into local and remote collaborative ac-
tivities in which the local are those where the collaboration occurs when partic-
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ipants share the same physical space [24]. Remote collaborative activities are
those where the collaboration occurs when the participants do not share the
same physical space [24]. Collocated tools facilitate the social interaction and
do not necessarily require to be connected to a digital network. On the other
hand, the remote collaborative tools adds complexity to the social interaction
process and strongly depend on the connectivity to a digital network.

2.3.1 Collocated

In the context of this work, collocated solutions aim at taking advantages of the
face to face settings which are related to social interaction and appear within
this type of activities in different forms such as discussion, improvisation, argu-
mentation, negotiation and creativity. From the set of relevant tools mentioned
in Introduction to Related Tools (see Subsection 2.1), I analyze the tools that
support collocated activities. CODES [20] allows users to collaborate sharing
the same physical space. However, this application might add complexity to the
social interaction among the participants since each participant requires to have
a computer in order to perform their contributions. Therefore, even though par-
ticipants are sharing the same space and are able to see each other, they must
attend to the computer screens and it might not facilitate the social interaction
process [28], [29]. According to Newcomb et al. [30], being able to see each
other and start a discussion is an important aspect to take into account. When
members within a group are under face-to-face interaction conditions, they com-
municate in a sense of urgency that results on the mobilization of their energy
and their motivation to complete a task [30]. JamSpace [21], Polymetros [3],
Beatbug [4], Cotracks [23], reactTable [24] and Mogclass [7] are solutions that,
with more or less degrees of freedom, facilitate the face to face settings and
allow users to see each other, establish social interaction and focus on the music
creation process due to their novice-oriented approaches. Among these tools,
the main drawback that might add complexity to music collaborative activities
is found in the reactTable. This tool, when running in collocated settings, splits
the screen into two or four independent spaces, where each user can contribute
with their personal effort [24]. In this case, since tabletops are equipped with
only one speaker and one microphone, the users must take turns because these
can be only used once at the time.

2.3.2 Distributed

Distributed tools support remote collaborative activities. The main advantage
offered by this type of tools is that they allow users to be on different locations
using the same tool, sharing resources and outcomes. Although, the drawbacks
of these tools are several: participants do not share the same physical space and,
therefore, the face to face settings becomes more difficult because it needs to
be simulated using additional techniques such as augmented reality. Moreover,
distributed tools must rely on network services and this can lead to failures
and unexpected situations that cause troubles for the users, not allowing them
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to perform their activities. Instances of these type of tools are, CODES [20],
reactTable [24] and Malleable Mobile Music [22]. CODES allows its users to
collaborate, enabling them to produce social interaction through a messages
system that works in the same way as a chat service, where all the participants
within a music piece creation exchange messages with each other [20]. However,
participants cannot see each other and the social interaction might be less real
since it happens through the message system. The reactTable enables users to
collaborate through its remote collaboration mode [24]. Despite the local col-
laboration mode, in this mode, each user posses a tabletop and, therefore, each
participant has access to his own microphone and loud speaker which means
that users do not have to take turns in order to use these resources [24]. In this
case, it allows distant participants to see each other which "improves the sense of
presence" by showing a live video of the participants and their performance [24].
Then again, this remote collaboration mode might not foster collaboration, since
participants are able to see each other but not able to exchange messages and,
therefore, not having social interaction. The last distributed tool is the Mal-
leable Mobile Music [22] which is a solution specifically designed for remote
collaboration, since it uses the mobility of the users as an input together with
sensors in order to create an output music channel.

2.4 Deployment / Installation Options
The method of installation is a relevant dimension for this project, since it
allows me to understand how I can deploy the tools and also if they have special
requirements that machines must fulfill when it comes to run them. In this
category, I classify the tools as web based and stand-alone. Both techniques
have advantages and drawbacks.

2.4.1 Web

The usage of web based applications is a way to avoid potential issues regard-
ing operative system restrictions. Most web applications are implemented using
JavaScript language on the client side and this language is a cross-platform lan-
guage and cross-browser that runs on most popular platforms and web browsers
[31], [32]. As a result, most web applications are able to work on most popular
operating systems and web browsers. Moreover, web applications provide some
other advantages such as access to information from anywhere in the world,
lower development costs, integration with other proprietaries technologies and
up to date applications without requiring installations or upgrades [33], [32].
In contrast, most web applications have several drawbacks such as higher costs
on maintenance of the application, since it requires the usage of computers and
servers, reliance of internet connection and security issues [32]. From the tools
presented in Introduction to Related Tools (see Subsection 2.1), CODES [5] is
the only tool that uses web technologies. The main advantages of this appli-
cation is that users can collaborate and create music remotely, and that the
application can be run on most of the existing operating systems. In addition,
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this tool can be used for creating music within collocated settings [5]. However,
as explained above, when CODES is used within collocated settings it might be
an impediment for fostering social interactions. Another important drawback
of web based applications is that, nowadays, even if emerging technologies such
as HTML5 allows the installation of web applications on mobile devices, it is
still not possible to obtain full access to platform resources [34].

2.4.2 Stand-alone

A stand-alone application is an application that has been developed to be in-
stalled on a particular environment such as Android, iOs, Windows, BlackBerry
or MozillaOS. One of the biggest advantages of choosing a stand-alone approach
is that developers obtain full access to the resources and capabilities that only
specific platform provides [33] and, in addition, this type of applications allow
users to work offline with local data [33]. Instances of these are JamSpace [21],
reactTable [24], Cotracks [23], Malleable Mobile Music [22] and Mogclass [7]. As
a result, these tools provide a better performance from user’s point of view [33].
In contrast, the drawbacks of these solutions and customized tools are that
when it comes to deploy/update the application, it must be done by installing a
software one by one [33]. Moreover, stand-alone applications are not compatible
in between platforms which means that an application created for iOS cannot
be deployed on Android [21]. Therefore, in the best case, the applications are
installable on a wider range of devices that support a specific platform such as
Cotracks [23], implemented for only iPads, or Mogclass [7] implemented exclu-
sively for iPods. In the worst case, customizable tools such as JamSpace [21],
Polymetros [3] and Beatbug [4] cannot be deployed on other systems that are
not a JamPad, Polymetros device or a BeatBug device respectively.

2.5 Input Aspects
This is the last dimension I consider to be relevant for this project. According
to Dix et al. [35], there exist several input channels such as limbs, fingers, eyes,
head and vocal system. However, some of them are more relevant when it
comes to produce an input within an information system. Traditionally, the
most important input channel is the fingers, but other channels such as voice,
eyes, head, and body position and movement are increasingly being considered
as suitable inputs within emerging technologies [35].

2.5.1 Mouse and Keyboard

From the tools presented in Introduction to Related Tools (see Subsection 2.1),
CODES [20] is the only tool that uses mouse and keyboard. According to Dix
et al. [35], the users that utilize the mouse can suffer arm fatigue due to the
social interaction system provided by CODES. Since users are located on distant
places and interact using the exchanging messages system. This system tends to
be a slow collaborative process, where the users see each others’ contributions on
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the screen and must type and wait for the reply to their messages. In addition,
if the users of the system are not only novices in music creation but novices
on information systems, in general, the interactiveness offered by the mouse
might be less intuitive than the approaches I introduce within the upcoming
paragraphs [35].

2.5.2 Ubiquitous and Tangible User Interfaces

Ubiquitous and tangible user interfaces aim at offering a more natural way to
interact with computers than using mouse/keyboard/display [35]. According to
Dix et al. [35], ubiquitous technologies allow users to input data within comput-
ers in the same way as humans usually interact with the physical world [35]. To
do that, ubiquitous technologies provide a wide number of sensors that enable
them to sense, capture and collect many different types of data, such as for
example location of the user, temperature, gesture and voice recognition, and
processes this data [35]. Another aim of ubiquitous technologies is to enable
users to compute information anywhere at anytime thanks to the network and
computing capabilities offered for emerging technologies such as mobile technol-
ogy [35]. Moreover, Ubiquitous technologies also aim at integrating physical and
virtual world [35]. Below, I describe the way users interact with the introduced
tools.

2.5.2.1 Mobile Technologies The constant evolution of mobile technolo-
gies provide ubiquitous capabilities to the users [15]. Among other, the ca-
pabilities I consider relevant for this study are: mobile computing (mobility),
context acquisition (wide variety of sensors), context awareness, low weight, and
connection to the network [15]. With these capabilities, mobile devices drive a
change from computer based applications to mobile device based applications,
especially, thanks to capabilities to compute information at anytime and any-
where without any wired restrictions [15]. From the set of tools presented in
Introduction to Related Tools (see Subsection 2.1), three of them are created
using mobile technologies which are Cotracks [23], Malleable Mobile Music [22]
and Mogclass [7]. As mentioned earlier, Cotracks uses a single iPad for enabling
users to create music collaboratively [23]. Malleable Mobile Music is a tool that
uses modified PDAs in order to take advantage of users’ mobility. The main in-
put aspects within this tool is the location of the user, collected through GPS,
the pressure produced by the user while interacting with the PDA, collected
through force sensing resistors, and the gestures produced by the user, collected
through accelerometers [22]. These inputs are processed and the outputs create
a remote musical channel where users can listen to a "social re-mix" based on
the location of users within a group, the pressure they make while interacting
with their devices and their gestures [22]. Mogclass is a solution that uses iPod
Touches, one per participant, and allows users to interact with the system by
using the accelerometer and the touch screen [7]. While the accelerometer is
used to capture hand-shakes and produce sounds based on the strengths of the
movement, the multi-touch screen is used to play musical notes [7].
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2.5.2.2 NFC The Near Field Communication (NFC) is an emerging tech-
nology that is being increasingly installed within mobile devices. According to
Broll et al. [2], Hardy and Rukzio [36], and Ramirez et al. [37], NFC-enabled
devices can be used as pointer devices on larger displays within a given NFC
grid. The idea behind applying NFC-enabled devices as pointer devices in larger
screens is to allow users to interact and trigger actions on it. To do that, the
researchers create a grid filled with NFC tags, give NFC-enabled devices to the
users and display information on the NFC grid using a projector [2], [36], [37]
(see Figure 1). The devices are used to interact with the screen by placing
them on the area where users want to trigger the action. Once they do that,
the devices read a NFC tag and send the information to a server which is in
charge of receiving this information and changing the UI based on this informa-
tion [2], [36], [37]. An instance of such a system is Newsboard [2], represented in
Figure 1. In addition to that, NFC allows merging the physical world with the
virtual world and provides a more intuitive way to interact with different objects
available within the environment [38]. According to Garrido et al. [39], applica-
tions that integrate NFC are easy-to-use and provide high level of intuitiveness,
in consequence, users pay more attention to the tasks that they are asked to do,
instead of making efforts trying to understand how the technology works. For
the aforementioned reasons, I consider NFC to be a relevant technology that
must be taken into account within the ubiquitous subsection.

The main drawback of using NFC technology is a delay of 0.5 seconds when
reading a NFC tag, which does not allow a smooth reading process of several
tags one after other [2]. In addition, the current size of mobile devices does not
allow that a tag could be read by more than one mobile device at a time [2]. To
solve this specific issue, Hardy and Rukzio [36] suggested to create a larger area
with several NFC tags that means the same for the system so several phones
can read the same position.

Figure 1: Overview NFC Interactive Displays (adapted from [2])
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2.5.2.3 Specific Hardware for Music Creation This section is dedicated
to tools that are built in order to uniquely fulfill the requirements of specific
scenarios and, for this reason, I have named this section Specific Hardware for
Music Creation. These type of tools are designed for specific purposes depending
on the context, user needs and scenario it is aiming at. For instance Polymet-
ros [3] which enables its users to control and maintain collaborative musical
activities using individually the user interface illustrated in Figure 2. This user
interface allows each user to create music pieces from scratch [3] and must be
connected to a central hub. Another tool within this category is Beatbug [4].
The author of this tool claims that systems aimed to cover novice’s needs must
allow its users to create sounds from scratch in order to enable them to expe-
rience a meaningful, creative and contributive activity [4]. For this reason, the
solution that he has presented do not include any pre-recorded sounds. The
main component of this system is the Beatbug, which is the input channel of
the tool and works as a musical controller, composed by a speaker, bend sensors
and velocity-sensitive drum trigger that allow users to interact with the system,
as shown in Figure 3. The maximum number of participants allowed is eight,
and as in the case for Polymetros, each participant requires a BeatBug [4]. The
Beatbugs work independently and their behaviors are controlled by a computer
which is the central node within this system.

The two solutions presented above are appropriated systems for covering
the needs required by specific scenarios. However, the degree of freedom while
novices use these systems is limited since both systems are wired solutions. In
addition, I consider that the constrained actions of these devices limits creativ-
ity due to the fact that users are not able to input their own sounds. As a
conclusion, these two limitations are important aspects when it comes to foster
improvisation; creativity and freedom.

Figure 2: Polymetros instrument (adapted from [3])
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Figure 3: Beatbug instrument (adapted from [4])

2.5.2.4 Touch Screen The touch screen component is being increasingly
installed in many information systems and in many cases replacing the mouse [35].
This component allows users to point at any objects shown on the screen and
select them [35]. Therefore, touch screens do not only offer output capabilities
but input capabilities that users utilize to interact with the system [35]. As a
result, users feel that the interactivity of the system is very fast and direct [35].
According to Dix et al. [35], the main advantages of touch screens are that these
are relatively more intuitive than mice for the general public and these are
also more suitable for hostile environments [35]. The same authors, point out
several drawbacks that must be taken into consideration such as the finger selec-
tion, which is sometimes inaccurate and it becomes difficult specially when user
wants to select small areas [35]. In addition, if I must interact with touch screens
placed in vertical, it becomes a tiring process. [35]. The last disadvantage of us-
ing touch screens is that these requires the user to be approximately one meter
far from the device in order to reach it and this might be uncomfortable for the
users [35]. Alternatively, a derived type of touch screen that has been applied
for creating music collaboratively is the multi-touch screen [24]. The main char-
acteristic of this type of touch screen is that it allows the system to recognize
more than one finger at the time when the fingers interact with the screen. An
example of this kind of screens is the reacTable [24] which is presented as "A
Collaborative Musical Instrument". This instrument enables multiple users to
create different sounds over a round surface which is considered as a Tangible
User Interface since it allows the users to interact and trigger actions within the
system by using physical objects [24]. In this case, these objects are passive and
are physical representations of real objects such as cubes [40]. The objects are
tracked by a camera placed under the table while the users manipulate them at
the same time and trigger actions within the system [24]. Jorda et al. [24] claim
that tables, in general, are "culturally defined as collaborative spaces" due to
its own nature, as people are prone to argument, negotiate and discuss, faced
to each other around a table. Other example is Cotracks [23] which uses a sin-
gle iPad and splits its UI into two or four separated spaces. This results in a
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complex UI since each space is replicated in order to offer the same features to
each participant of the activity. I consider this to be an impediment for novices,
since the UI in which each participant is expected to interact is rather small,
and the buttons and information in most of the cases are reduced or moved to
sub-menus making it difficult for the users to find specific features. The last
tool of this section is Mogclass which also utilizes the multi-touch feature but
in a different way. The main advantage of the tools just presented is that they
provide a more intuitive user experience by allowing users to touch elements or
drag and drop elements with the movement of their fingers. As a result, these
tools become tangible.
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2.6 Summary
To summarize this section, I present a table that shows the main aspects pro-
vided by the each one tools mentioned in Introduction to Related Tools (see
Subsection 2.1), illustrated in Table 1. The idea of this section is to find open
challenges that enable me to create a new tool with the following purposes: to
cover the found challenges, to allow users to create music collaboratively in a
novel manner anytime, anywhere, and to allow users to easily manipulate the
music piece within collocated settings. Paying attention to all the introduced
tools, I consider that my software solution must offer a high degree of intuitive-
ness, in order to facilitate the users to focus only on the activity itself. Therefore,
it is important that my tool provides intuitive ways of interactions, involving
not only touch screen as input channel but other types of inputs such as sensors.
Another aspect to pay attention to is the mobility since it is important that the
users have total freedom in order to be able to record any sounds from anywhere
and to reproduce them. Therefore, the usage of mobile technology seems to be
the path to follow. The last aspects to consider is the 1-to-1 interaction offered
by mobile technologies and the 1-to-M interaction provided by tabletops. The
1-to-1 interaction is used to enable users to perform individual contributions
that are part of any activity. The 1-to-M interaction is used to enable users
to collaborate by fostering social interaction. However, mobile devices do not
promote collaboration due to several limitations such as for example screen size
and as a result, it seems to be a challenge to use mobile devices for running col-
laborative activities. This aspect is well covered by multi-touch screen solutions
such as reactTable, that offers multi-touch capabilities in order to enable several
users to share the same space. However, as mentioned earlier, the reactTable
lacks of resources when it is used within collocated settings and users need to
use microphones and speakers.

Taking into account the aspects just mentioned, I have observed that, to
the best of my knowledge, there is not a unique solution that covers all the
requirements that I envision in a technological solution to support collaborative
music creation. It is still an open challenge to create a solution that combines
the following aspects:

Collaborative: In order to foster social interaction and support novices gain
the benefits of music creation collaborative activities.

Anywhere: In order to enable novices to create music freely without having mo-
bility restrictions. Reduce the constraints that technology might impose
to them.

Anytime: Provide an easy way to access the tool in order to enable novices
to create music at anytime. Usually, novices are only allowed to create
music at specific times, such as in school with scheduled music classes and
private music classes. These give the chance to create music only during
the class time, after, it is not possible to create music due to the lack of
access to instruments.
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Collocated: In order to foster and facilitate the face to face settings.

Touch Screen: In order to provide an easy-to-use and intuitive tool for the
novices.

Tangible User Interface: In order to provide an easy-to-use and intuitive tool
for the novices, enhance the way users create music, extend potential new
features and open new ways of interactions.

Interaction 1-to-1: In order to allow each novice within a group to perform
individual tasks.

Interaction 1-to-M: In order to allow one novice within a group to manipu-
late several sounds. This feature promotes the benefits of collaborative
activities since it enables the user to express himself by manipulating the
sounds and clarifying his point.
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3 Problem Domain and Research Questions
In this study, I aim at applying mobile devices into a collaborative music creation
scenario that fosters social interaction among the participants. In order to do
that, I face several issues during the study such as: How can collaborative
activities be supported by a group of devices that collaborate with each other?
and: How can I provide an intuitive tool that enable users to create music
collaboratively? In this context, a particular issue raises up: How can I provide
a solution that covers the particular needs of the target group, novices in music
creation? To cover these needs, I believe that the tool must follow an easy to
use approach in order to enable the novices to focus more on the music creation
process rather than on how the solution works. Considering this framing and
the need to provide an intuitive interface I decided to explore the possibility of
taking advantage of people’s common understanding of arrangements of objects,
in particular ordering and relative position. For example, I propose that the
sounds stored in the mobile device should be played following the same order
as they are placed on a table. From a technology point of view, for doing so, it
is necessary that each mobile device is aware of its position with respect to the
other devices. Currently, to the best of my knowledge, there is not a built-in
technology within mobile devices that provides such a feature. Geo-positioning
technologies, such as GPS are not an option for the scenarios due to their lack of
accuracy. Bluetooth and wireless triangulation may have better resolution, but
demand a complex infrastructure with well tuned settings. As mentioned in the
Related Work section, a new approach to sense positions has raised up in the
past years, which is using NFC and a grid of NFC tags in order to allow devices
to sense 2D positions. NFC is a relatively new technology that enable its users to
read and recognize within a short range (maximum 4 cm) NFC passive objects.
This means that if I build a matrix filled with NFC passive objects and I map
each passive object with a position, the devices would be aware where they are
place on, as done in one of the relevant projects (Newsboard [2]) mentioned in
Related Work (see Section 2) [36] [37].

3.1 Research questions
The main purpose of the research developed is to explore novel ways to support
collaborative music creation with mobile technologies. Considering the general
purpose the following research questions will be investigated:

RQ1: How can collaborative music creation activities like mixing and se-
quencing sounds be supported by using relative-position aware mobile technol-
ogy?
With RQ1, I want to figure out how it is possible to use mobile technology
in order to enable its users to create music collaboratively using the concept
introduced above, "Relative Position Awareness".

RQ2: Which interactions occur when the proposed system is deployed and
the users are able to edit, mix and sequence sounds?
With RQ2, I want to analyze what happens while users are using the designed
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system. It is interesting for the study to see if the system fosters social in-
teraction among the participants. Additionally, the proposed system has been
implemented to support 1-to-1 and 1-to-M interactions, however, new types of
interactions may occur during the usage of the system and I aim to study them.

RQ3: How can mobile phones be aware of their relative positions? To what
extent is NFC a suitable technology to support short-distance position awareness
using mobile devices in the context of collaborative music creation?
With RQ3, I want to analyze if Near Field Communication (NFC) can support
relative position in the context of collaborative music creation.
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4 Methodology
This section introduces the methodology I have followed during this research
work. The section starts with an overview of the research methods that I ap-
plied. Then, I explain the methods used in this thesis, providing short descrip-
tion of each method and motivating its selection.

4.1 Overview
During the execution of this thesis, I have faced several challenges such as un-
derstanding the state of the art in collaborative music creation activities using
computer based instruments and to test and validate the tool presented within
this study. The different challenges faced during this study motivated the use
of different research methods. Each research method has been applied in order
to face specific goals of each phase.

For understanding the state of the art in music collaborative creation activ-
ities I conducted a Literature Review which enabled me to grasp current trends
and challenges presented in the Related Work (see Section 2), several sets of re-
quirements, which allowed me to understand what was needed to create a tool
that covers the needs of collaborative activities, and a set of potential technolo-
gies to be used, which allowed me to have an overview of possible solutions to
cover users’ needs. With the set of requirements at hand, first, I executed a user
study with experts using low and mid fidelity prototypes of the set of potential
technologies. In this user study, I collected data using several questionnaires
that allowed me to have a better understanding about collected sets of require-
ments and the technology that fits best the user needs. Second, I implemented
a prototype and created a scenario following a development iterative approach.
Third, I run a second user study where I obtained the first results regarding the
usability, usefulness and user interface satisfaction of the first version of the real
prototype. The output of this second user study was a new set of requirements
that allowed me to improve the prototype. Afterward, I run a third user study
in order to test the improvements made within the prototype. Once again, the
output of the third user study generated a new set of requirements that will
be taken into consideration in the near future for upcoming user studies. In
Figure 4, I illustrate the stages and the evolution of this research study.

4.2 Literature Review
In order to find, analyze and have a better understanding of what researchers
have done within the field of collaborative activities, I conducted a literature
review which contributes to this study in four major aspects; identify the related
work, study of the state of the art that allowed me to identify a set of open
challenges, generate an initial set of requirements that would define the base for
the design of a technological solution for the scenario, and the identification of
a set of software and technology choices that may be suitable for implementing
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Figure 4: Methodology overview

my solution. I classify the requirements obtained through the literature review
into three categories: indoor, outdoor and indoor + outdoor requirements.

4.3 Low and mid fidelity prototypes
Guided by the information collected in the literature review regarding poten-
tial technologies, I created two paper-based prototypes representing mobile and
multi-touch technologies and I decided to use an existing web application called
CODES [20], which represents web technology. In order to identify one tech-
nology out of these three and to obtain a generic set of initial requirements
that covers collaborative music creation scenarios, I run a user study. In this
user study, the participants were asked to run an indoor collaborative activity,
an outdoor collaborative activity and a indoor + outdoor collaborative activity
using each prototype. The evaluation of this user study was made using obser-
vation while running the study, video recordings and questionnaires. In these
questionnaires, the experts were asked to rate the performance, advantages and
drawbacks of each prototype. Additionally, the experts were also asked to rate
the importance of the requirements when they are applied into collaborative
activities. To assure the validity of the results, I followed a predictive evalua-
tion in which I involve the experts in order to identify potential issues that may
raise due to the chosen technologies. These experts were provided by the Media
Technology department at Linnaeus University.

4.4 Prototype v1
Prototype v1 was built based on the outcomes obtained from the first user study
which guided me to take crucial decisions such as selecting the mobile technology
option to implement the solution and get started on thinking how to cover the
refined set of requirements. One of the main requirements to be covered by my
solution was "the system must provide an intuitive user interface". In order to
cover this requirement I decided to use Near Field Communication (NFC), since
it allows a more intuitive user interaction [38], [39], [41].
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Prototype v1 offered several features that must be evaluated such as group
management for the collaborative activity (creating a group, adding users to a
group, late comers, etc.), identify the specific position selected for each user1,
allow selecting pre-installed sounds and play musical notes or sounds based on
the identified position. To evaluate these aspects, I run a second user study
which aims at obtaining feedback about the current status of the prototype re-
garding its usability, usefulness and user interface satisfaction. For doing that,
I contacted 8 master students with background in HCI and emerging technolo-
gies. This study allowed me to, (1) obtain feedback and indications regarding
the user interface, (2) obtain feedback about the usability of the prototype when
it is applied into collaborative music creation activities, and also (3) to obtain
feedback regarding the ease of use of the prototype. To collect this data, I
video recorded the session and utilized standard questionnaires such as Ques-
tionnaire for User Interface Satisfaction (QUIS), Perceived Usefulness (PU) and
Perceived Ease-of-use (PEU) which are explained in details in Questionnaires
(see Subsection 4.6).

The outcomes of this study was a new set of refined requirements that guided
me to improve and enhance the current version of the prototype with new fea-
tures.

4.5 Prototype v2
Prototype v2 is an evolution of Prototype v1 in which I have improved and added
features based on the outcomes obtained from the second user study. Some
of the new features added in this version, included the support for recording
sounds. To evaluate these features, I run a third user study using a group of 5
master students, which is a subgroup of the students utilized within the second
user study. In this way, the participants of the third user study had a reference
point to evaluate the improvements and new features included in Prototype v2.
Therefore, the aspects evaluated within the third user study were the same as
in the previous study; usability, usefulness and user interface satisfaction. For
collecting this data, I also used the same methods as in the previous study;
video recordings and standard questionnaires. The outcomes of this stage were
a new set of requirements that guided me in order to improve and enhance the
current version of the prototype.

4.6 Questionnaires
During the execution of this study, I used several type of questionnaires in order
to collect data. These questionnaires vary from each other depending on the
aspects to be covered and the data to be collected. In order to collect personal
information I used the consent questionnaire. To collect data regarding the
importance of the requirements for collaborative activities and also regarding the
performance of each technology applied into each collaborative activity, I utilized

1Positions in the prototype were used in order to determine the starting point for a piece
of music within the music composition (see Section 5)
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customized questionnaires. Finally, to collect data regarding the satisfaction of
the user with the UI, I utilized the Questionnaire for User Interface Satisfaction
(QUIS) [19], and to collect the data regarding the usability and ease of use,
I used two questionnaires that are part of the Technology Acceptance Model
introduced by Davis et al. [42]; Perceived Usefulness (PU) questionnaire and
Perceived Ease of Use (PEU) questionnaire respectively.

• Demographics questionnaire and consent form: This questionnaire was
used to collect several aspects such as personal data, which includes full
name, age, email gender and background in music creation. This question-
naire allows me to do a pre-assessment of the users, which is necessary to
determine what of the observed user-interactions can be explained by fea-
tures in the technology, and reduce the number of independent variables.
The background in music creation data was collected giving the follow-
ing options: "Nothing at all","Basics from primary school", "I learned how
to play an instrument", "Experience on playing several instruments" and
"Other", where the user could elaborate on the prior knowledge in music.
This questionnaire were utilized in the three user studies. In this ques-
tionnaire it was also required that to agree in the following terms to cover
ethical aspects:
- Agree on that the participant has read, understood and had the oppor-
tunity to ask questions.
- Agree on that the participation is voluntary and that the participant can
quit at any time without giving any reason.
- Agree on that any information given may be used in future reports, ar-
ticles, or presentations by the research teams.
- Agree on that participant’s name will not appear in reports, articles or
presentations.
- Agree on taking part of this study.

• Customized Questionnaires: In these questionnaires, I aimed at collecting
the opinion of the experts regarding several aspects such as importance of
each requirement for collaborative activities and the importance of each
requirement for the scenarios presented in the first study. These scenar-
ios were three; collaborative indoor music scenario, collaborative outdoor
music scenario and a mix of collaborative indoor + outdoor music sce-
nario. In addition, in these questionnaires, I also asked the experts to
fill a table in order to rate to what extent each requirement is met with
the particular features provided by the three chosen technologies; mobile
technology, multi-touch-technology and web technology (CODES). These
questionnaires were used in the first user study.

• Questionnaire User Interface Satisfaction: This questionnaire aims at
measuring user’s satisfaction regarding the human-computer interface of
information systems. In order to do that, Chin et al. [19] claims that
there are five main variables that depend from each other for evaluat-
ing interfaces; speed, accuracy, the time it takes to learn the system, the
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retention of the acquired knowledge and the user acceptance. These vari-
ables are related among of them and cover the following aspects; user’s
attitude toward the system, utility of the system and system’s success.
This questionnaire is composed by 27 questions that are split into five
sections; ’Overall Reaction to the Software’, ’Screen’, ’Terminology and
System Information’, ’Learning’ and ’System Capabilities’. It also offers
the possibility to the participants to write three negative aspects and three
positive aspects regarding their impression while using my solution. This
questionnaire was used within the two last user studies, when I tested the
real prototype. The questions and different answers are presented in the
Appendix section (see Subsection C.1).

• Technology Acceptance Model: This model is also known as TAM and it
is widely used by the community in order to predict what is the user’s
motivation regarding the usage of information systems [43]. This model
was published by Fred Davis in 1985 [42], who claims that the attitude
of a user towards a system is a key factor whether the user accept to use
the system or reject it. Davis claims that this attitude can be predicted
by three main variables: perceived usefulness, perceived ease of use and
attitude toward using the system [18]. According to him, the attitude
of the user is directly influenced by perceived ease of use and perceived
usefulness. For this reason, I decided to use the following questionnaires
within the last two user studies that enable me to collect data regarding
users’ perception about the software solution.

1. Perceived Ease of Use Questionnaire: This questionnaire is also known
as PEU and is described by Davis [18] as ’the degree to which an
individual believes that using a particular system would be free of
physical and mental effort’. Bandura [44] also supported this idea
and remarked the importance of perceived ease of use in order to
predict user’s behavior. There are several questions within this ques-
tionnaire that may overlap questions presented within QUIS. For this
reason, not all the questions presented by PEU are used within this
study. Therefore, I selected several questions that can be seen in
the Appendix (see Subsection C.1). Each question presented a set of
possible answers, only one could be chosen.

2. Perceived Usefulness Questionnaire: This questionnaire is also known
as PU and is described by David [18] as ’the degree to which an in-
dividual believes that using a particular system would enhance his
or her job performance’. Schultz and Slevin [45], and Robey [46] also
noticed the high correlation in between perceived usefulness and sys-
tem usage. As in the previous case, to avoid overlapping not all the
questions regarding this topic were chosen. The chosen questions are
listed in the Appendix (see Subsection C.1).
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4.7 Videos recordings
During the execution of the user studies, two video cameras were set up in
order to record relevant aspects that help me to answer the research questions
and to understand within a better context the answers of the participants in
each of the user studies. Camera 1 helped to document and answer one of the
research questions regarding the usage of NFC as a relative positioning system.
Camera 2 was set up in order to record what occurred while the participants were
running the activities. This information helped me to document and answer
one of the research questions regarding to the interactions that occur among
the participants when they are running collaborative music creation activities.
For more detailed information see Data Collection (see Appendix B).

4.8 Software Development Methodology
To develop the software solution I am proposing here, I followed the Agile de-
velopment approach which aims at helping developers by providing a set of
principles that guide developers during the development process [47]. The main
principles that have been taken into account within this project are: (1) Satisfy-
ing end users is my highest priority, (2) Changes within the set of requirements
are allowed during the development process, (3) Present evolution of the software
in short time scales, and (4) End users and developers must work together [47].
Following these principles, I have involved experts within the first study in order
to guide me to choose the technology that suits my needs, and potential end
users within the development of the technology-based prototype. As it can be
seen in Figure 5, the study is composed of three iterations that contains user
studies. These user studies, among other things, aim at collecting users’ opin-
ion regarding the usefulness, ease of use and user satisfaction, as explained in
Questionnaires (see Subsection 4.6). These opinions are taken as an output of
the current iteration and, later on, considered as an input within the upcom-
ing interaction. For instance, the outputs of the first study are considered as
a refined set of requirements that becomes an input in the development pro-
cess of Prototype v1 (see Figure 5). Therefore, in this thesis, the first iteration
started with a literature review, where I abstracted the initial sets of require-
ments. Afterward, I have prepared two paper prototypes and run the first user
study which ends with a refined set of requirements. The second iteration starts
with Prototype v1 and this development process continuous until developers
and users agree on that the solution satisfies end users. Regarding the second
principle mentioned earlier, I planned to incrementally introduce new features
within each iteration of the development process, together with the required
improvements imposed by the set of requirements. For example, Prototype v1
did not allow users to record any sounds, but this feature was later integrated in
Prototype v2. The last principle to mention is the presentation of the iterations
in short time scales. This principle was part of my development process, since I
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did several iterations within no more than 3 months of difference in between the
Prototype v1 and Prototype v3. In Figure 5, an overview of the development
process I have followed within this work can be observed.

Figure 5: Overview: Agile software development approach
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5 Scenario Description
This section introduces a collaborative music creation scenario that is run within
collocated settings. This scenario is based on the set of refined requirements
obtained in the first user study and illustrates the challenges that I am aiming at
solving in this research work. Some of these challenges have been already taken
into consideration in other researches and have several solutions. However, as
shown in the Related Work (Section 2), these solutions do not fully cover these
challenges which explains why there are many different approaches for tackling
the same issues. An illustration of the scenario can be seen in Figure 6. The
goal of the scenario is to foster social interaction among the participants in
order to gain the benefits of collaborative music creation activities. With this
scenario, I evaluate the software solution and obtain new requirements allowing
me to improve the solution. This section ends with a list of use cases that
helps to understand the actions that users can perform within the solution (see
Figure 7).

Figure 6: Representation of the scenario used within this study.

This scenario considers the creation of a piece of music in an incremental and
iterative fashion, letting the participants construct and create modifications of
the music piece until a refined version is reached that satisfies the expectations
of the participants. The scenario includes individual and collaborative tasks,
where the individual tasks are those related to joining the group, picking a
position, recording sounds and managing sounds. The collaborative tasks are
those related to creating a music piece together, which involves social interaction
and a iterative and refinement process of the music piece. The main point of
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this scenario is to provide an engagement experience that enables users to play
around with sounds and their positions in order to build a music piece.

In Figure 6 the initial stage of the scenario is illustrated. It contains a
group of five participants, five mobile devices and a shared space. This scenario
is particularly focused on participants without formal musical skills, however,
participants with musical skills are also expected to join the activity. The mo-
bile devices must enable novices to execute the tasks mentioned in the Use cases
diagram (see Figure 7). The shared space is anything that enables the partici-
pants to be within face to face settings and do not impose constraints regarding
mobility and direct visual contact among the novices. As mentioned earlier,
seeing each other and being able to start a discussion are key aspects when it
comes to run collaborative activities [30]. Therefore, in order to facilitate this
face to face conditions I decided to use the table concept which, according to
Jorda et al. [24], tables are optimal objects that allow me to provide the required
settings for running a collaborative activity. Below, I list the actions that users
perform within the presented scenario and that correspond with the use cases
presented in the Use Cases Diagram (see Figure 7).

1. Join the group: Users must register before starting the activity by typing
his/her name and join the group.

2. Record a sound: This use case is performed individually and is optional.
The collaborative activity not always requires users to record sounds, users
can create music with pre-defined sounds. For recording a sound, the
system uses the microphone and the local storage in order to save the
sound and, later on, making it available (see Figure 7).

3. Pick a position: This use case is crucial, since each user must select a
initial position which determines when the sound should be played and is
dynamic. To pick a position, the user must place his/her device on one of
the positions provided by the table, which contains an instance of the NFC
Tags Grid. This grid is composed by NxM NFC tags placed in a matrix
shape. Once the device is placed on the table, it access the NFC resource
that reads a NFC tag which is uniquely identified with an ID. This ID
is used to find the position of the device by looking into the pre-defined
NFC map provided by the Activity Server when the user joined the group
(see Figure 7).

4. Play a sound: After selecting a position, each user must find a sound that
fits his/her preferences. For doing that, the system access to the local
storage and list the available sounds. Before selecting a sound, the user
can go through the list of sounds and pre-listening to them (see Figure 7).

5. Select a sound: Once the user has found his/her sound, the user must
select it in order to share it with the rest of the participants.

6. Discuss selected sounds and its order: When the participants have selected
their sounds, they can iteratively refine the music piece by changing the
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starting position of the sounds and the sounds if preferred. This process
involves discussion, argumentation and negotiation in order to reach a
refined music piece.

7. Refine prototype by repeating steps 2,3,4,5,6.

The box number two illustrated in Figure 6, represents what Jorda et al. [24]
called as "Spatial Separation". In this stage the participants require space in
order to perform the individual tasks before they get ready for the collaborative
task. To get ready, each participant must join the group, select a sound and
select the sound’s starting position. To select a sound, novices have two options:
(1) to select a pre-recorded sound available in a database and (2) to find sounds
by exploring the environment and recording them. To select a position, novices
place their devices on the table.

Boxes number three and number four illustrated in Figure 6 represent col-
laborative tasks where the participants are involved within an iterative process.
This is, the participants are gathered around a table and make use of it, in
order to reach an agreement and produce a music piece. While participants
explain and argument their ideas, they are allowed to introduce modifications
to the current status of the music piece. These modifications are part of the
iterative process and are: (1) changing the sounds, and (2) changing the starting
positions of the sounds. As an example, in box three (see Figure 6), the first
sounds to be played are number 2 and number 3. These two sounds are played
at the same time, since they are sharing the same "position". After these sounds
finished playing, the next sound is number 1, followed by number 4, and finally,
by number 5. In the box number four (see Figure 6), the participants have
refined the music piece where the first sound to be played is number 4, followed
by number 5, and after that, number 3 and number 4 are played together. To
finish the music piece the sound number 1 will be played.

The scenario description results on a list of Use Cases and related require-
ments that must be covered by the system (see Figure 7). These requirements
are the base of the system and must be addressed in order to cover user needs.
Among others, the main needs are the relative position awareness and real time
coordination and synchrony for creating collaborative music pieces.
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6 Informing the design through a selective anal-
ysis of previous work

In a previous exploratory study, I conducted a literature review (see Appendix
A) in which I found that most of collaborative activities are categorized into in-
door, outdoor and a mix of indoor and outdoor activities. This claim is based on
the 13 papers that I considered to be relevant for this study, since these papers
are instances of how to apply emerging technologies into collaborative learn-
ing activities. The papers enabled me to abstract three different sets of initial
requirements looking at the most common requirements that appeared within
each one of the mentioned activities. As a result, I obtained three different
sets of requirements; one set for indoor collaborative activities, a second set for
outdoor collaborative activities and a third set of requirements that combines
requirements for indoor and outdoor collaborative activities. From the papers
in the first set, I identified requirements for collaborative activities that took
place under indoor school settings [48], [49], [50]. From the papers in the sec-
ond set, I identified requirements for outdoor collaborative activities that were
characterized for being in informal settings, such as field trips and excursions
to museums [51], [52], [53], [54], [55]. From the papers in the third set, I col-
lected requirements for collaborative activities that combine indoor and outdoor
settings [56], [57], [58], [59], [60]. These studies are executed in different ways
depending on the activity itself. Some of the activities are executed first indoor
and second outdoor, and some activities are executed in the other way around.
In addition to this, I looked into potential emerging technologies that researchers
had applied into their studies (see Appendix A). As a result, I decided to explore
three different technologies; mobile technology, multi-touch technology and web
technology. In the case of mobile and multi-touch technologies, I looked into
the most common features provided by these technologies. In the case of web
technology, I decided to focus on a particular web application called CODES [5].
This is because CODES follows a novice-oriented approach, which means it of-
fers an easy to use application avoiding the usage of complex concepts, UI and
facilitating the music creation process for novices [5]. Thus, I collected the
main features provided by mobile technology [61], [62], [63], [64], [65], multi-
touch technology [66], [67], [68] and CODES [5]. More information concerning
the results can be found in Appendix A.
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7 Low and mid fidelity prototypes
Two prototypes were created based on the results obtained through the litera-
ture review (see Appendix A). The first prototype created was a mockup mobile
application, which was designed following the features shown in Summary of fea-
tures provided by each technology (see Table 3 in Appendix A). This prototype
was a low-tech prototype which did not provide any functionality more than how
the screen looks like and what the flow of the screens is. In Mobile application
mockup (see Figure 1 in Appendix A), I illustrate how each screen looks and
also provide a brief explanation about what users can do with it. The second
prototype was a mockup of a multi-touch application which was designed based
on the features shown in Summary of features provided by each technology (see
Table 3 in Appendix A). This multi-touch application was a real size low-tech
prototype, made out of paper that only provided the user interface and the
flow of the screens. It was composed by several pieces of papers that represents
the menu and sub-menus, as it can be seen in Multi-touch table mockup (see
Figure 2 in Appendix A). The last tool was a fully working web application,
CODES [5]. In this case, I chose CODES because it follows a novice-oriented
approach, a representation of CODES can be seen in Figure 8. One of the most
important and common features offered by the three prototypes is positioning
the sounds within a music piece. In this context, the sounds can be played at
the same time or can start at different times defined the users. To do that, each
prototype offers different ways of providing a position awareness feature that
allows users to set the order of the sounds and their initial positions. For in-
stance, the mockup mobile application dedicates a screen to ask the users what
is the initial position of his/her sound (see Figure 1 in Appendix A, Group
composition Screen). In the mockup multi-touch application, there is a specific
space within the UI dedicated to create the music piece, called "Playing Zone"
(see Figure 2 in Appendix A). In this space, novices are not required to set the
initial position of the sounds because the application is capable to determine
where exactly each sound is dropped, and, therefore, the order of the sounds is
automatically defined by the system. In the case of CODES, the approach to
provide a position awareness is similar to the multi-touch application. The users
drag and drop sounds within the space dedicated to create music and the web
application determines, based on where the user has dropped the sound, the
position of the sound and the order that the sounds are expected to be played
(see Figure 8, part b).

7.1 First User Study
The first user study aimed at obtaining a refined set of requirements and at
obtaining indications that guide me to choose the technology that fits better
within the scenario. In this study, I decided to follow a predictive evaluation
approach using the heuristic evaluation in which four experts in new technolo-
gies are involved. This approach tries to predict the usage of the prototype
in other to find potential issues and provide a prescriptive feedback [69]. The
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Figure 8: Screenshot: web application for creating music collaboratively. Taken
from [5].

experts are part of the Media Technology Research Department at Linnaeus
University in Växjö, Sweden. The duration of the study was approximately two
hours and during its execution, I introduced the abstracted requirements and
the potential technologies (mobile technology, multi-touch technology and web
technology). The experts were invited to this study through email and it con-
tained the description of the first user study and the consent form questionnaire
explained in Questionnaires (see Subsection 4.6). The first user study consisted
on evaluating each of the three prototypes when they are applied into the three
different scenarios (indoor, outdoor and indoor + outdoor collaborative sce-
narios). These scenarios were based on the three sets of initial requirements
collected in the literature review. In addition, the first user study also consisted
on evaluating the importance of the initial set of requirements when they are
applied into collaborative activities in general. To gain this knowledge, I utilized
the customized questionnaires explained in Questionnaires (see Subsection 4.6),
video recordings and observations collected during the execution of the study.
For more detailed information (see Appendix A).

Since during this study I run out of time and the outdoor and indoor +
outdoor scenarios could not be performed, I provided a detailed explanation
following an informal discussion approach, in order to enable the experts to an-
swer the pending questionnaires. As a result of the study, I obtained a complete
evaluation of the three technologies applied into the indoor scenario and the
importance of each requirement for collaborative activities.

7.2 Results
The results of the first study indicate that mobile technology obtained the high-
est score within the overall score for the indoor scenario. However, there is not
a big difference when it is compared with the multi-touch overall score. In fact,
the experts consider that some specific features of the multi-touch technology
might provide better performance when compared to mobile technology. There-
fore, in this work I have gathered several indications that results in that mobile
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technology is slightly better and more flexible than the other two technologies.
In addition, I looked at these features where the other technologies obtained
better rates and learn from them in order to improve the weaknesses of mobile
technology. Additionally, this study produced an output regarding the impor-
tance of the requirements. This importance was measured in two different ways;
importance of the requirements when they are applied into the specific activity
and importance of the requirements when they are applied into collaborative
activities in general. After this study, I decided to focus on collaborative activ-
ities in general, aiming at providing a solution that covers indoor, outdoor and
indoor + outdoor activities. For this reason, I only present the results about
the importance of requirements applied into collaborative activities in general.
These results are summarized in Table 11 within Results (see Subsection C.2).

To conclude, I present a list of requirements which is composed by require-
ments that I consider to be relevant in order to enable users to create music
collaboratively, such as the position awareness, and the requirements that the
experts rated as important. I consider that the requirements are important when
experts gave an average rate of 3 and above. The refined set of requirements is
listed below.

• HCI
- Provide an intuitive user interface (UI)

• Position Awareness
- Allow novices to set the playing order of the sounds and their initial
positions

• Group Management
- Offer tools for coordination and collaboration
- Offer a personal interface (one device per participant)

• Context-related
- Allow mobility

• Resource-related
- Provide persistent storage
- Access local resource (such as microphone or loud speaker)
- Access external/remote resource (such as local memory cards)

• Media Management
- Allow users to record a sound
- Allow users to select sounds
- Allow users to play sounds
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8 Prototype v1
In this section, I provide details regarding the decisions taken in order to cover
the requirements obtained in Low and mid fidelity prototypes (see Section 7).
Additionally, I introduce the architecture and the implementation of my software
solution. Finally, I describe the evaluation process of the solution and discuss
the results.

8.1 Assumptions and Summarized Requirements
In order to deploy the solution I am proposing, it is required that mobile devices
are NFC-enabled devices. Additionally, a computer is required to provide some
infrastructure requirements, such as a communication infrastructure and certain
aspects of the activity management. Both, the NFC-enabled mobile devices and
the computer must be able to connect within the same network in order to guar-
antee communication aspects. As listed in the results of the previous section,
the system requirements are related to the following fields: Human Computer
Interaction which requires an intuitive user interface, Position Awareness which
requires the capabilities to allow users to set the playing order of the sounds
and their initial positions, Group management which requires the capabilities to
allow users to perform individual tasks and collaborative tasks, Context-related
which requires free mobility, Resource-related which requires the access to lo-
cal storage, and local, external and remote resources, and Media Management
which requires the capabilities to record a sound, select sounds and play sounds.

8.2 Software Decisions
The presented scenario provides five main aspects to be covered; position aware-
ness, intuitive UI, collaboration, coordination and media management, and in-
troduces collaborative activities that require individual contributions and social
interaction in order to reach a common goal. To support users to perform indi-
vidual tasks, I enable users to execute two main types of interaction: one-to-one
(where each participant has his/her own device) and one-to-many (where one
participant can make use of multiple devices). To cover the aspects related to
communication and coordination, I decided to use a distributed system. This is
a crucial aspect within the solution since the sounds must be played following
an order, and to follow this order, each mobile device must know the length and
the position of each sound.
The first two aspects I face are the need to provide a position awareness system
and an intuitive UI. As explained in Low and mid fidelity prototypes (see Sec-
tion 7), the mockup mobile application allowed users to input the positions of
each sound within a music piece. This could be done within the mockup version
by pressing a button and manually assigning the position. This way of chang-
ing the position is not very intuitive, since the process becomes rather complex
and not smooth at all. The other two technologies offered another approach,
enabling novices to drag and drop sounds on the prepared space to create the
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music piece. The initial positions and the order of the sounds are determined
automatically by the systems depending on where the users dropped the sounds.
Therefore, learning from this approach, I propose a positioning awareness sys-
tem that enables each mobile device to recognize what its relative position is,
without the need of waiting for the user to input the position change. Thus,
my solution must be capable to differentiate the positions when the devices are
next to each other, within a short range of detection. To do that, a new solu-
tion is required and I propose the usage of Near Field Communication (NFC) to
tackle this issue. As explained in Related Work (see Section 2), NFC allows to
identify objects that have been previously marked with a NFC tag (also known
as tagged). This enables users to connect the real world with the digital world.
Following this idea, I created a grid filled with NFC tags, it is called NFC Tags
Grid (see Figure 9). These tags are disposed following a grid NxM structure
(where N is equal to 7 and represents the number of columns and M is equal
to 3 and represents the number of rows)2. I have decided to use 7 different
positions inspired by on the 7 musical notes and the 3 rows were taken as a
reference, however, it may be necessary to add more rows. This grid is used
to determine the positions of the devices whenever these devices are placed on
it and read a tag. An example of its use has been presented in Figure 7, the
use case "Pick a Position" is basically the action of reading a NFC tag. Each
participant must be provided with a NFC-enabled device, which acts as a NFC
reader and contains a software that maps each NFC tag with each position. In
addition, the group of participants is provided with a shared area, which is the
grid filled with NFC tags. As a result, when a NFC-enabled device reads a NFC
tag, it can differentiate in between columns, rows and even single elements of
the NFC Tags Grid (see Figure 9). This opens a wider number of possibilities
of use not only in within this specific scenario.

The last decision regarding the NFC usage is the selection of a platform
that provide access to the NFC capabilities within the mobile device. The ideal
case for the solution would be to implement it using a cross-platform approach,
in order to avoid the limitations imposed by proprietary operating systems.
Initial efforts are being done within HTML5 for reading NFC tags and may
be considered as a solution in the future3. However, I believe that the current
development of HTML5 is not tested enough for my purpose. Therefore, I
have chosen to develop a native Android application due the following reasons:
(1) in the past years, I have developed a number of native mobile applications
for distributed systems, which are aligned with the global description of this
project, (2) Android has been one of the pioneers in providing support for NFC
technologies, and (3) the Android platform is one of the most popular and most
extended operating systems for mobile devices.

The aspects related to communication, coordination and synchronization
aim at establishing collaboration among the mobile devices, in order to keep the
devices up to date. For example, it is required that whenever a device changes

2Future versions of the map may consider different NFC tags distributions than a matrix
presentation

3http://www.mopius.com/html5-loves-nfc/
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Figure 9: Instance of the NFC Tags Grid

a position or a sound, the rest of the devices must be notified. The scenario
describes the characteristics of a distributed system solution, where multiple
mobile devices are found (referred as Nodes in distributed systems) that require
coordination between them for information dissemination. The infrastructure
of this system allows me to provide one device per participant and each device
obtain the capabilities to behave autonomously. In addition, the devices obtain
the capabilities to share resources within a group of devices [70].

One particular use of distributed systems is via Multi Agent Systems (a.k.a.
MAS) [71]. In MAS, the nodes have the capabilities to share information via
an underlying communication infrastructure. Such communications allow infor-
mation sharing for coordination, context-awareness, role management, among
other purposes. This provides a high level of interoperability among the nodes
in the MAS [72]. Additionally to the communication capabilities, agents in a
MAS are autonomous to execute particular tasks within an activity (known as
agent behaviors) [72]. For this reason, I decided to implement a distributed
system using Multi-agent systems (MAS). As a result, mobile devices gain the
required capabilities to perform individual tasks such as join the group and
record sounds, and, at the same time, the capabilities to share resources in
order to coordinate, communicate and synchronize all the devices within the
group. To have a better understanding of how the communication works, I pro-
vide a more detailed example: In the use case 5, "Select sound" (see Figure 7),
the agent A, which is the mobile device where participant A has chosen a posi-
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tion and selected a sound, will use the communication infrastructure (MAS) to
exchange information with other agents, "Participant A has chosen position P,
sound S and the time duration of this sound is T". Agent B will receive this in-
formation, synchronize, update UI and acts according to the logic implemented
by the developer.

There are two choices when it comes to implement a distributed solution;
the centralized approach and the decentralized approach. In this case, I de-
cided to use a centralized approach, since decentralized solutions are known for
having better scalability benefits, but require a higher level of complexity to
offer coordination among the nodes. Given that, my solution considers a lim-
ited number of users (no more than 10) and, therefore, there will be a limited
number of nodes. For this reason, I selected a fully centralized solution for the
Prototype v1, in order to reduce the complexity of the system. To understand
how the centralized approach works, I illustrate in Figure 10 how the system
responds when the use case "Pick a Position" is executed (see Figure 7). In this
case, the device "Phone 1" changes its position and if the new position is different
to the previous position, it notifies the server node. Afterward, it informs the
rest of the participants the new change made within the system. Notice that,
in this version, all communication among devices (for updating their positions
and the sounds) is centralized via the server. This allows the server to man-
age the communication flow and ensure that messages are sent to the correct
destinations following the correct message order.

Figure 10: Instance of the centralized approach: Sequence diagram for the use
case "Pick a Position".

The last aspect to be covered is the management of sounds which aims
at enabling the participants to record sounds, select sounds and play these
sounds. Since the software solution is focused on the interactions that occur
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while using the system, I decided to create a simple native application that
allows the participants to perform the basic functions for sounds management.
This enables my to focus on the research goals, avoiding unnecessary variables
and troubles that might raise and disturb the assessment process if I use existing
solutions.

8.3 System Architecture
In this subsection, I describe the architecture-related decisions that have been
taken for the design of Prototype v1.

8.3.1 Architecture Description

The system proposed in this study combines several technologies: NFC, MAS
and a native application. In order to understand how these technologies work
and interact with each other, two diagrams are presented. The first one is a
layer diagram that shows on a high level of abstraction the architecture of the
system (see Figure 11), and the second one is a component diagram that shows
the basic components that compose each layer (see Figure 12).

Figure 11: Architecture described using a layers diagram (adapted from [6]).
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Four layers have been designed for constructing this distributed system fol-
lowing the design proposed by Gil et al. [6] (see Figure 11). The first top layer
within the layer diagram is the User Interface layer which offers the capabilities
that allow the user to interact with the system. Beneath the UI layer, the MAS
layer can be found, which interacts directly with the User Interface and contains
two main components; the Agent and the Organization Middleware. This layer
is in charge of defining specific node behaviors, such as methods for communi-
cation and coordination among the nodes, and behaviors for managing audio
recordings or controlling the possible actions that the user can perform within
the activity. The next layer is the Communication Infrastructure (CI) which is
a crucial layer since it contains the necessary channels and protocols to establish
the communication in between servers and agents, and also in between agents
and agents. This layer contains two components; the Communication Middle-
ware and the NFC. The last layer is the Environment (ENV), which refers to
the physical world in which the system is found.

8.3.2 Nodes

The nodes in which the system is split are represented in the component diagram
(see Figure 12). This diagram is composed by two groups of nodes; client nodes
and server nodes. The client nodes are deployed in mobile devices and each
device or node contains a Device Agent. The server node is deployed in a single
computer and it has two main roles; the Activity Server and the Infrastructure
Server. The role of the Activity Server is to act as a group manager and provides
information regarding to when a new participant has joined the group or when
a participant has left the group. In addition, this node provides repositories for
logging events and other activity information, such as channels for messages,
registration services. The role of the Infrastructure Server node is to provide
the mechanisms needed for establishing the communication in between nodes
including specific communication protocols.

8.3.3 Components

The main components of the proposed solution are classified by layers and de-
scribed below:

• User Interface (UI) layer
GUI: This component exists in every client node/mobile device. The main
goal of the GUI is to provide and collect information for and from the user
and can be considered as the starting and ending point of every action.
Most of the tasks require the user to input some data through the GUI,
this action triggers a process that ends showing a feedback in the GUI.
For doing that, this component uses several types of elements such as
windows, buttons, texts, messages, sounds, images, etc.

• Multi-Agent System (MAS) layer
Device Agent: It is present in every node. However, the behavior of each
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agent differs from node to node due to its autonomous capabilities. In
addition, this component defines the logic needed for establishing connec-
tions and communications, and provides the communication capabilities
in order to facilitate the necessary coordination and synchronization in
collaborative tasks. Last but not least, it manages the access to local
resources in mobile devices (such as audio files) and remote resources in
servers (such as information related to the NFC Tags Grid).
Server Agent: It is responsible for the global logic of the distributed sys-
tem.
Activity Client: This component exists in every client node. The main
responsibilities of this component are to guide users to complete the goals
of the system, handle interactions in between client nodes and users, and
also handle interactions in between client nodes and server nodes. These
interactions are several, such as presenting individual and collaborative
tasks, requiring information to the user, and providing feedback to the
user. The goals of the system must be specified and also a pre-installed
NFC Mapping must be provided which will enable the mobile devices to
be aware of their relative positions and it is provided from the server node
to the client nodes.
Activity Manager: This component exists only in the Activity Server node
and its main role is to manage the activities. The main responsibility of
this component is to provide the necessary material in order to guide the
client nodes to complete the activities, such as providing the necessary
NFC Map Resource.
Organization Middleware: is a group manager that is in charge of man-
aging the identification of the members, updating their positioning in-
formation or sound selection in servers and devices at any time that an
event happens. This component is also known as Mobile Virtual Device
(MVD) [73]. The MVD is an abstraction of the concept of the Organi-
zation Middleware component, which combines the resources of several
devices and serve them together as a unique instance [73].

• Communication Infrastructure (CI) layer
NFC: component provides access to NFC capabilities within the device.
The main task of the NFC component is to read the IDs of NFC tags and
transfer them to the Agent in order to update the system. This system
update involves updates within the whole system including the rest of
participant devices and the server agent. These capabilities are used by
the Device Agent in order to be aware of its relative position.
Communication Middleware: exists in every node and its role is to enable
the nodes to communicate with each other. Therefore, it facilitates the
communication in client nodes with server nodes, and client nodes with
client nodes. To do that, the system uses the Mobile Device Resources in
order to establish the communication. This component includes control
for local resources such as microphone, loud speaker and NFC.

• Environment (ENV) layer
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This includes the NFC Tags Grid, which is composed by 7x3 NFC Tags.
These tags are passive and allow to create "smart" environments by tag-
ging/marking any objects that later on can be read by NFC-enabled de-
vices in order to connect the physical world with the real world.
Environment Entity: is a crucial component, since it allows nodes to com-
municate with each other. In this case, the nodes require the usage of
the network in order to be connected and to exchange information. In
this component is also included the NFC Map resource, which is a map
composed by relative positions and IDs. The IDs identify each NFC tag.
The role of NFC Map is to enable the client nodes to be aware of their
relative positions. To do that, the mobile devices receive the NFC Map
when they first join the group. By reading a NFC tag, the device obtains
an ID that is mapped within the NFC Map in order to find its relative
position.

8.3.4 Architecture Implementation

In order to cover the discussed requirements, I describe how I have implemented
the software solution which is based on the architecture description explained
above and makes use of the following technologies: MAS, NFC and native ap-
plication.

8.3.4.1 MAS Implementation I have implemented the MAS using the
JADE Framework [74]. JADE stands for Java Development Framework and
allows a multi-agent deployment for both desktop and mobile devices. This
framework offers the mechanisms for registering the mobile devices, managing
the communication protocols and provides the bases for the declaration of the
behaviors that mobile devices and servers should run.

8.3.4.2 NFC A NFC-related component has been implemented in order to
handle communication with NFC-based resources. These resources have the
capabilities to enhance the interaction with mobile devices. The idea is to
enable the mobile devices to read IDs from NFC tags. However, in order to
use these IDs as a relative positioning system, it is required that the locations
of these tags are specified in advance. I call this specification NFC map. Each
mobile device receives the NFC map when the device joins a group4. With this,
the devices can reason regarding its own position and the positions of the other
devices in the activity. This happens when a new user performs the use case
"Join the group". In Figure 13, a sequence diagram is shown which explains
how this use case works. When a new user joins the group, the device sends a
message to the server with the name of the user. Then, the server adds this user
to the current list of participants and responds to the device with two messages:
the first message is the list of current participants registered in the group, and

4The transfer is performed via the agents in the MAS
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the second message includes the NFC map that enables the client nodes to be
aware of their positions.

Figure 13: Sequence diagram that explains the use case "Join the group".

8.3.4.3 Native Application It is an Android native application coded in
Java which is composed by the layers represented within the layer diagram (see
Figure 11). This application allows the access to the features and the local
resources offered by Android mobile devices, such as microphone, NFC and
loud speaker. In addition, this application enable its users to record, select
and play sounds. Moreover, the application offers two modes of execution:
the Musical Notes mode and the Select a Sound and Play mode. The Musical
Notes mode aims at introducing the usage of the tool to the participants. In this
mode, there is not communication among the client nodes, which means that
the devices works individually and do not communicate with each other, only
with the server node in order to keep the communication. The Musical Notes
mode maps the positions with musical notes allowing the users to play a musical
note when a position is read by the device. For instance, if a user places his/her
device on position 1, the musical note DO will be played. If the participant
changes the position of the device to 3, the musical note MI will be played. The
other mode, Select a Sound and Play, aims at enabling participants to create
a music piece together. In this mode, each participants must choose a position
and a sound. Afterward, the devices are ready to reproduce the first iteration of
the music piece. In order to play, the participant or participants that are placed
in the closest position to the left of the table, must press the play button. This
button only appears in the first iteration. In the next iterations, the play button
disappears and the music piece is played each time that a participants changes
to a new position.

8.4 Evaluation of Solution - Second User Study
In the previous sections, I have described the scenario, the requirements, the
architecture of the solution and its implementation. The main goal of this study
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is to evaluate the software solution in terms of usefulness, usability and user in-
terface satisfaction. The duration of the user study was approximately one hour
and a half. In this time, the participants were asked to read the description of
the user study and to listen to the explanations of the researcher. Both, the
description and the explanations, focused on putting the participants in context
and introducing what I expected from them to do within this study. After that,
the participants had several minutes for clarifying possible questions and doubts.
Afterward, each participant was given a mobile device with the Prototype v1
application installed in them, and proceeded to participate in the activity. This
activity was designed as a non-structured activity in order to enable the partic-
ipants to learn how to use Prototype v1 and to play around with the sounds.
For this reason, the participants were asked to play freely with Prototype v1
in order to experience the different features it contained and create an opinion
regarding the current version. The participants spent approximately 35 min-
utes testing Prototype v1. After completing this stage, the participants were
asked to fill three of the questionnaires introduced in Questionnaires (see Sub-
section 4.6). These questionnaires are Perceived Usefulness (PEU), Perceived
Ease-of-Use(PEU) and Questionnaire for User Interface Satisfaction (QUIS).

8.4.1 Selection of participants for user study

In this study, the selection of the participants has been done looking at their
technical background rather than looking at their musical background. This is
because, at this stage, I consider that participants with a background in HCI
and emerging technologies can provide a richer feedback than if I choose the
participants based on their musical background. At this stage, I am building
a software application from scratch and I evaluate it looking at the usability,
usefulness and user interface satisfaction. Therefore, the selection of the partic-
ipants follows the criteria presented below:

• Participants have technical background related to HCI and emerging tech-
nologies.

• Participants are students of the Social Media andWeb Technologies master
program in Linnaeus University.

• Participants have been contacted by the researcher through email.

• Participants were aged 23 - 27 years old.

• Eight participants, three women and five men.

• Participants worked in one group.

8.4.2 Materials and Resources

Apart from the mobile device with Prototye v1 installed, the participants are
provided with the description of the user study in paper as well as the ques-
tionnaires that must be filled out through Internet using different tools such as
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Google Forms. In addition, the group of participants will be provided with an
instance of the NFC Tags Grid, composed by 7x3 NFC tags.

8.4.3 Results and Analysis

During the execution of this study, the participants faced several issues as it is
reflected within the results presented in Table 2. In order to understand what
the main issues of the prototype are and why they appeared, I look at the mean
(m) and standard deviation (sd) obtained by each question. I consider that the
prototype presents issues when m < 4 or when sd > 1,5. Since the scales used
in the first questionnaire is from 0 (lowest) to 9 (highest), and in the second
and third questionnaire is from 1 (lowest) to 7 (highest), I believe that 4 is a
neutral number that allows me to identify questions negatively rated. The same
occurs with the sd, I consider that participants do not have a close perception
of the same question and that, therefore, it must be revised if their answers
vary within a range larger than 1.5. Below, I highlight relevant results that
allowed me to identify issues within the current version of the prototype and
that require improvement within the next iteration.

8.4.3.1 User Interface Satisfaction The first aim in this study was to
analyze the users’ perception regarding the user interface, which enable me
to understand if users are satisfied with the user interface provided by Proto-
type v1. The results I obtained within this block show that Prototype v1 is not
ready to be used, since this version lacks certain robustness and features. The
opinions of the participants are shown in Table 2, where I identify the means
and standard deviations given to each question. The first issue found within
Prototype v1 is related to robustness as reflected in several questions such as in
Q2, which shows that working with the prototype is rather difficult (m= 4.75,
sd= 2.71), in Q3, which shows that participants considered being rather frus-
trated when it comes to produce a music piece (m= 6.125; sd= 2.96), and in Q4,
which is about the level of difficulty provided by Prototype v1 while creating
music (m= 5.87; sd= 5.25). The non-robustness presented by the current ver-
sion of the prototype appeared because the prototype is within its first iteration
stage and was not bug-free. For this reason, Prototype v1 encountered multiple
crashes during the execution. The video recordings also help to clarify that the
non-robustness of the prototype is the reason of these results.

The second issue that appeared was related to the intuitiveness and how
the information was presented within the UI as reflected in several questions,
such as in Q6, which is about if users had difficulties reading characters on the
screen (m= 6.87; sd= 2.58), in Q7, which is about if the system simplify tasks
by highlighting them (m= 5.87; sd= 4.32), and in Q18, which is about if the user
is able to remember the names shown on the screen (m= 6.5; sd= 3.29). The
video recordings show that the participants were not satisfied with the UI and
complained about the following issues: difficulties to differentiate the devices
from each other; issues about not being aware which devices are playing music
and which devices are waiting to be played; information missing regarding the
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length of the sounds and the length of the entire music piece; lack of control over
the play button since the current version of the prototype only allowed them
to press play in the beginning, while later on, play was executed automatically
each time a position or sound was changed; error messages on the screen not
being shown; screen flips repeatedly which might mislead the user; only sounds,
which some are too long, available from database, and finally; complains about
a noticeable delay that might mislead the user.

Question AVG
Second
Study

SD
Second
Study

Overall reaction to the software
Q1: Idea of the project 8.125/10 0.991
Q2: Working with the prototype 4.75/10 2.712
Q3: Way to produce a sonic product 6.125/10 2.696
Q4: The creation music process is 5.875/10 2.100
Q5: Interacting with the app 5.25/10 2.315
Screen
Q6: Reading characters on the screen 6.875/10 2.588
Q7: Highlighting simplifies task 5.875/10 4.324
Q8: Organization of information 5.75/10 2.659
Q9: Sequence of screens 6.875/10 1.126
Terminology and System Information
Q10: Use of terms throughout system 7.625/10 1.506
Q11: Terminology related to task 7.375/10 1.408
Q12: Position of messages on screen 7/10 1.927
Q13: Prompts for input 6.375/10 2.615
Q14: Computer informs about its progress 5.875/10 2.997
Q15: Error messages 3.75/10 3.770
Learning
Q16: Learning to operate the system 6.875/10 1.553
Q17: Exploring new features by trial and error 6.375/10 2.200
Q18: Remembering names and use of commands 6.5/10 3.295
Q19: Performing tasks is straightforward 6.5/10 1.852
Q20: Help messages on the screen 4.25/10 3.536
Q21: Supplemental reference materials 2.75/10 3.655
System Capabilities
Q22: System speed 7.25/10 1.982
Q23: System reliability 3/10 2.507
Q24: System tends to be 7.25/10 1.982
Q25: Correcting your mistakes 2.875/10 3.044
Q26: Designed for all levels of users 5.375/10 2.722

Table 2: Results obtained from QUIS in the second study.

8.4.3.2 Perceived usefulness The second aim in this study was to ana-
lyze the users’ perception regarding the perceived usefulness while using Pro-
totype v1. For doing that, I used a questionnaire composed by 13 questions
(see Table 3). In this table, it can be seen that Prototype v1 presents issues
in several questions such as Q34, which is "Using this prototype reduces the
time I spend on unproductive activities" (m= 4.12; sd= 2.1), and Q36, which
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is "Using this prototype improves the quality of the work we are engaged with"
(m= 4; sd= 1.92). These issues can be analyzed together since they point at
improving the quality and the productive time that users must put in order to
create music collaboratively. As mentioned above, the video recordings show
that participants felt frustrated while trying to create a music piece due to the
bugs that the current version was having. Therefore, it is understandable that
at that time users complained about the usefulness of the prototype.

Question AVG
Second
Study

SD
Second
Study

Q27: The collaborative music creation activity would be more
difficult to perform without this prototype.

5.5/7 1.069

Q28: Using this prototype gives me a greater control over the
on-going activity.

5.75/7 1.165

Q29: The prototype addresses my activity related needs 5.625/7 0.517
Q30: Using this prototype improves my performance in this ac-
tivity.

5.125/7 1.727

Q31: This prototype enables me to accomplish tasks more quickly. 5.75/7 1.165
Q32: This prototype supports critical aspects of the activity. 5.125/7 1.553
Q33: Using this prototype allows me to collaborate with others in
ways that otherwise would not be possible.

5.5/7 1.690

Q34: Using this prototype reduces the time I spend on unproduc-
tive activities.

4.125/7 2.100

Q35: Using this prototype enhances my effectiveness on the ac-
tivity.

4.875/7 1.246

Q36: Using this prototype improves the quality of the work we
are engaged with.

4/7 1.927

Q37: Using this prototype increases my productivity. 5.125/7 1.126
Q38: Using this prototype makes the activity easier. 6.125/7 0.835
Q39: Overall, I find this prototype useful in this activity. 6.125/7 0.835

Table 3: Results obtained from PU in the second study.

8.4.3.3 Perceived ease of use The third aim in this study was to analyze
the user’s perception regarding the perceived ease of use of Prototype v1. The
results I obtained from this block of questions was that Prototype v1 also needs
several improvements in this matter. These results are shown in Table 4, where
it can be observed that users claim to make errors frequently while using the
prototype (Q40)(m= 3.87; sd= 1.64), and that the prototype often behaves
in unexpected ways (Q41)(m= 4.62; sd= 2.06). I consider these results are
due to the number of bugs that Prototype v1 had and that did not allow the
participants to complete most of the music piece iterations. The question Q42
shows that the participants did not find it difficult to work with the current
version of the prototype (m= 2.5; sd= 1.77). The last question within this
block is related to the guidance provided by the prototype for performing tasks
(Q43)(m= 4; sd= 1.92). This question must be taken into further consideration
for next iteration, since it shows a low mean and a noticeable disagreement
among the participants.

The disagreements presented by the standard deviations and observed among
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Question AVG
Second
Study

SD
Second
Study

Q40: I make errors frequently when using this prototype. 3.87/7 1.642
Q41: This prototype often behaves in unexpected ways. 4.62/7 2.065
Q42: I find it cumbersome to use this prototype. 2.5/7 1.773
Q43: This prototype provides helpful guidance in performing
tasks

4/7 1.927

Table 4: Results obtained from PEU in the second study.

the participants within several questions, appear due to the action carried out by
each participant on his own device. Since the devices works autonomously and
each participant has his own way for inputting data into Prototype v1, it might
be the case that the current version behaves differently with each participant
and because of that each participant gained a different experience. As a result,
the answers of the participants might vary a lot in between some of the cases.

8.4.3.4 Negative and positive comments In the questionnaires, the par-
ticipants were also asked to write negative and positive comments regarding any
aspects that they considered must be taken into account for the next iteration
of the development process. The negative comments were basically focused on
the following aspects:

• The bugs that Prototype v1 was having.

• To obtain more control over the button for playing the music piece, since
the current version only allowed participants to control the play button in
the first iteration of the music piece.

• Low intuitiveness.

• Too many users for testing purposes, since the activity became less serious
and less productive due to the participants that did not focus on their
tasks.

• Screen should not flip in order to avoid to mislead the user.

The positive comments were focused in the following aspects:

• Interesting idea and creative approach to allow novices to create music in
groups.

• Prototype v1 is fun when it comes to create music.

• Prototype v1 enable participants to interact with each other.

• Fast learning curve when it comes to use Prototype v1.

• NFC recognize position very fast and Prototype v1 is very accurate.

• Prototype v1 wakes some sort of curiosity among the participants.
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8.4.3.5 Video recordings and observations As mentioned in Data Col-
lection (see Appendix B), I used two video cameras in order to record what
was happening during the execution of this study. These cameras enabled me
to better understand the answers of the participants, to observe the interac-
tions appeared while participants were using Prototype v1 and to observe the
system’s behavior.

• Observations with camera 1: This camera allowed me to pay attention
to two main aspects of the system’s behavior; the accuracy of NFC and
the time response of Prototype v1. As positively commented by one of
the participants, I have observed that the system provides high levels of
accuracy which means that NFC is a suitable technology for applying
within the scenario. The time response of the system is a crucial aspects
and it is important to provide high time response when the system reads
a NFC tag and triggers the action related to it. In addition, the speed is
also crucial in which the system delivers the required messages in order to
keep it up to date. In general terms, camera 1 shows that the participants
do not complain when it comes to have the system up to date. However, a
noticeable delay within the musical notes mode has been detected which is
produced when a user places his/her device on a NFC tag and the time it
requires to play the musical note. Other than that, NFC does not present
other issues regarding its usage as a positioning system.

• Observations with camera 2: This camera allowed me to analyze each of
the answers given by the participants and put it into context. As explained
in the previous paragraphs, in each question rated negatively, I have looked
at the videos and concluded what I consider to be the reasons of their
answers. In addition, I have observed through camera 2 that Prototype v1
fosters collaboration among the participants. This is, the participants are
willing to contribute to the common goal and to discuss and negotiate
in order to agree on the refinement of their music piece. For instance,
when the participants saw the modes provided by Prototype v1, one of
the participants suggested "Guys, let’s do DO, RE, MI, FA, SOL, LA,
SI". Afterward, they started negotiating which positions each participant
should take, based on their physical positions and how far they were from
the NFC Tags Grid. After several tries seeing that the notes sounded all
at the same time, another participant suggested "Let’s put the phones one
after another in order to hear only one note at the time". Among other
examples, the last to be considered here appeared when one participant
asked "what is a harmony?". After this question, I observed that the
participants with musical background tried to explain what it is. Hence,
the examples just presented show that the participants enjoyed doing the
collaborative activities, and exchanged knowledge and view points while
using the prototype. These aspects indicate that some of the main goals
such as fostering social interaction have been covered.
Through camera 2, I also observed aspects related to the interactions that
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occurred while executing the collaborative activity. These interactions are
listed below:

1. 1-to-1 interaction: occurred when each participant was performing
individual tasks on his/her own device.

2. 1-to-M interaction: occurred when one participant was performing a
collaborative task such as explaining his/her strategy to the rest of
the participants or negotiating and using argumentation to convince
the rest of the participants to follow his/her approach. In these
cases, one participant uses M devices to support his/her arguments
by moving the devices and freely placing them on the positions he/she
prefers.

3. M-to-M interaction: This interaction occurred when several par-
ticipants were performing a collaborative task discussing strategies
among each other negotiating by using argumentation in order to
convince the rest of the participants to follow their approach. In
these cases, M participants uses M devices in order to support their
arguments by moving the devices and freely placing them on the
positions that they prefer.

8.4.3.6 Conclusions of second study To conclude the second study, the
results introduce several aspects that must be revised. These aspects are con-
sidered as an input of new requirements for the next iteration of the agile devel-
opment process. These requirements are related to the aspects classified below:

• Interface Requirements:
- Full control over the play button.
- Improve intuitiveness of the layout in several aspects, such as disable
screen flipping, enable users differentiate devices, highlight which devices
are playing sounds and which ones are waiting to be played, add length
of the sounds and music piece, and inform users about errors.
- Reduce long sounds and enable users to insert their own audios.

• Quality of Service Requirements:
- Robustness.
- Latency (delay in musical notes mode).

Special attention should be paid to the causes of the errors and latency in be-
tween sounds in Prototype v1. One of the main aspects that could lead to these
errors is the fully centralized approach. The main drawbacks of this approach
are related to scalability and bottleneck issues. As it can be seen in Figure
10, each time a user changes its position, a notification is sent to the server,
and after, the server updates every device within the group. In the case of this
study, each time one device changes its position, the server must notify 7 devices.
However, changing positions is not the only case when it is required this syn-
chronization but it also happens when participants change sounds. Therefore,
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having in mind that the main features of the prototype are based on changing
positions and sounds, I consider that the fully centralized approach may not be
the most suitable approach for this solution. Before developing Prototype v1,
I considered that the scalability aspect was not a critical issue, since less than
10 mobile devices were involved in the activity (which it is not a high number).
However, the number of messages that these devices need to share, as it has
been shown, had an exponential growth. Therefore, I need to reconsider if there
are any aspects that may be potentially decentralized. The fully centralized
approach adds most work load and responsibility to one single element which
means that if this element fails the whole system also fails [75]. I consider that
the causes of the errors and the latency in between sounds within this study are
due to bottleneck issues and the workload of the server.
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9 Prototype v2
In this section, I explain the evolution of the application by upgrading the Proto-
type v1 to cover the new requirements identified during the previous assessment.
The changes result on a new version of the prototype called Prototype v2.

9.1 Summarized Requirements
The new requirements are categorized into GUI and MAS requirements. The
GUI requirements are those related to a more intuitive UI, such as more control
of the music piece, do not allow the screen to flip, device identification, highlight
the tasks, add the length of the sounds and the music piece, inform users about
errors, reduce long audios, and enable users to insert their own audios. The
MAS requirements are related to more robustness within the system and reduce
the latency.

9.2 Software Decisions
To reduce the work load in the server node, I have decided to decentralize sev-
eral services. This decentralization allows me to communicate the client nodes
directly with each other. In this way, the participation of the server node is not
necessary and it reduces the risk of obtaining bottleneck issues. To better under-
stand the difference between the centralized and the decentralized approaches,
I describe what happens when both approaches are used. For instance, in Pro-
totype v1 were participating 8 people with 8 devices that send 10 messages per
device, the server that receives these messages must send 80 messages in order
to reach all the phones within the group. On the other hand, if this aspect is
decentralized, the 8 devices only send 10 messages each because they have direct
communication with the receivers. This difference is presented in the following
sequence diagrams that illustrate how both approaches works in the use case
"Pick a Position" (see Figure 7). The first diagram represents the centralized
approach (see Figure 10) and the second diagram represents the decentralized
approach (see Figure 14). Thus, there is an exponential grow within the cen-
tralized approach that do not allow the system to scale. For this reason, I have
decided to decentralize the services that generate more traffic of messages in
order to support a better scalability. With this decision, I aim at sharing the
workload of these services among the nodes. Therefore, the system distributes
the communication load among the nodes in the MAS, which reduces the latency
issues. For instance, in Figure 14, the information is directly sent to Phone 2
and Phone 3 since they are part of the same group, together with Phone 1.
As a result, it reduces considerably the number of messages within the system
which allows to have a more scalable system with less latency and a better
responsiveness from users’ point of view since the system works smoother.

Additionally, I have made several changes within the UI and introduced
recording sound capabilities that allow me to cover the new set of requirements.
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Figure 14: Sequence diagram for the use case "Pick a Position"
.

9.3 System Architecture
In this iteration of the development process, the prototype changes from having
all its services centralized to have centralized and decentralized services. In this
section, I introduce the main updates made in Prototype v2.

9.3.1 Nodes

The main change introduced in the nodes is the roles of client nodes and server
node in two specific cases; when a client node changes its position or it changes
its sound. Since, in these two cases, I have decentralized the system, the client
nodes take responsibilities of group manager and must update every existing
node within the system, including the server node. In these cases, the server
node works as a regular node, which means that it only receives the information
regarding the changes and do not forward it to any other nodes.

9.3.2 Components

Below, I describe the main changes introduced in order to solve the limitations
detected within the second study.

• User Interface (UI) layer
GUI: The changes added in this component are listed below:
- Full control over the play button: I have enabled the play button to
be visible each time a iteration finishes. This is, when all the sounds
that are on the table have finished playing, the playing button appears
within the UI of the devices/devices that are placed on the closest position
starting from the left. Additionally, I disabled the action of automatically
play music when a user changes a position. - Improve intuitiveness of
the UI: I have disabled the possibility of flipping the screen and added an
algorithm that changes the background color of the UI based on the name
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of the user. This last change aimed at allowing users to differentiate better
their devices. In addition, I have introduced pop ups with green and red
background colors in order to highlight the current status of the devices,
whether they are playing a sound or waiting to be played. Furthermore,
in these pop ups I have added information regarding the length of the
selected sounds and the whole music piece. The last change introduced
within the UI was the reduction of the length of pre-defined audio files
and the possibility of recording sounds.

• Multi-agent System (MAS) layer
Device Agent: In order to introduce the decentralized services, the Device
Agent keeps the responsibilities explained in Prototype v1 (see Section 8.3)
and obtains a new responsibility. This is, the responsibility of acting as a
group manager in order to directly communicate with other devices when
the user changes his/her position or changes the selected sound. The
Server Agent keeps working as explained in Prototype v1, the difference
is that its work load will be reduced and that when users change sounds
or position it acts as a regular node.

9.4 Evaluation of Solution - Third User Study
The main goal of the third study was to evaluate the new changes introduced
within the system. In order to collect data regarding these aspects, I utilized
the same methods as in the second study: questionnaires, video recordings and
observation. This study was conducted the 14th of May and its duration was
approximately one hour. The participants involved were the same of the previ-
ous user study, therefore, deep explanations to the prototype and to the scenario
were not needed. In this study, the activities proposed to the participants were
structured and the main goal was not to get to know the prototype but to reach
a goal. This goal was to reach some sort of collaboration among the participants
by playing musical notes in order to complete a given list of notes (SI, SI, DO,
RE, RE, DO, SI, LA, SOL, SOL, LA, SI, SI, (silent), LA, LA, SI, SI, DO, RE,
RE, DO, SI, LA, SOL, SOL, LA, SI, LA, SOL, SOL). In addition to that, the
participants were asked to bring a sound to the session and record it in order
to evaluate a new feature. Afterward, the participants were asked to create a
music piece with their own sounds. To do that, they must discuss and negotiate
with the group about the order of the sounds. The time spent by the partici-
pants using the prototype was approximately 35 minutes. Once completed, the
participants were asked to fill the questionnaires.

9.4.1 Selection of participants for user study

As in the previous study, at this stage I am still dealing with issues regarding
the usability, usefulness and user interface satisfaction. For this reason, I am
not particularly asking for novices in music creation just yet, but I am involving
participants with backgrounds in HCI and emerging technologies no matter their
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musical background. The selection of the participants in this study follows the
hereafter criteria:

• Participants have technical background related to HCI and emerging tech-
nologies.

• Participants are students of the Social Media andWeb Technologies master
program in Linnaeus University.

• Participants were aged 23 - 26 years old.

• Five Participants, three women and two men.

• Participants worked in one group.

• The five participants are a subgroup of the eight participants group that
participated within the second study.

9.4.2 Materials and Resources

In this study, the participants are provided with the same material as in the
previous study. This is, one NFC-enabled mobile device with Prototype v2
installed, description of the user study in paper and the questionnaires that
must be filled through internet using different tools such as Google Forms. In
addition, the group of participants will be provided with an instance of the NFC
Tags Grid, composed with 7x3 NFC tags.

9.4.3 Results and Analysis

In general terms, in this third study the participants faced less problems than
within the second study. The video recordings show that participants were happy
with Prototype v2 which was also demonstrated within the collected results of
thequestionnaires. The means given by the participants increased in most of the
questions and also the standard deviations became considerably shorter with
respect to the previous study. For instance, in questions such as "Working with
the prototype" and "Correcting your mistakes" the means increased from 4.75
and 2.87 to 6.6 and 7, respectively and the standard deviations also changed in
these questions positively, from 2.72 and 3.04 to 0.548 and 1.581, respectively.
Therefore, I consider that Prototype v2 have obtained a good level of acceptance
among the participants of this third study.

However, even though the most of the aspects were positively rated, there
were several aspects that still need improvements. Thus, it is convenient to
analyze the results and understand why these aspects were rated in this way.
Below, I classify the results in sections. In each section, I highlight the main
aspects that require to be improved in the near future.
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9.4.3.1 User Interface Satisfaction The users’ perception regarding the
user interface improved considerably. In this section, all the means increased
to at least 6.6 points out of 9 as shown in Table 5. The standard deviations
also obtained shorter values, showing that the participants rated each question
with higher points and that their perception about the questions are close to
each other. The first example is Q2, which is about how the participants feel
while working with the prototype, the results obtained in the second study were
m= 4.75 and sd= 2.712, and in this study the mean increased up to 6.6 and
the standard deviation decreased to 0.548. The second example is Q7, which
is about highlighting simplifies task (m= 7.2; sd= 0.447). This question was
m= 5.87 and sd= 4.324 in the second study. This shows that, in general, the
changes introduced within the UI have been accepted by the participants.

On the other hand, there are several questions that reveal Prototype v2 still
presents issues in several aspects such as user interface and robustness. The user
interface issues are highlighted by several questions such as Q15, which is about
error messages (m= 4.75; sd= 4.272), Q20, which is about help messages on
the screen (m= 5.6; sd= 3.85), and Q21, which is about supplemental reference
material (m= 5.2; sd= 3.49). These questions obtained an acceptable mean,
however, the level of agreement among the participants is far. This means that
the participants did not have a close perception about the same aspects. Some
of the participants rated them high and some other participants rated them
with a low rate. Looking at the videos, I could see that one device presented
a bug and crashed, and that this situation was not noticed by the system. For
this reason, the system did not update the UI showing this change and notifying
the participants through error messages. In consequence, the users were waiting
for this device to be ready when the real case was that device was not within
the group. Thus, it is understandable that participants did not agree on these
aspects. Regarding the supplemental reference material, the participants seem
to miss information regarding the usage of the tool. For this reason, I must
take it into consideration and provide a short tutorial or demos that clarifies
the doubts that they might have during the execution of the activity. The
robustness issues are pointed out by Q23, which is about the system reliability
(m= 4.8 and sd= 1.643). As just explained, Prototype v2 was not 100 percent
robust and presented few bugs that were noticed by the participants. Therefore,
this issue must be considered within the next iteration of the development phase.

9.4.3.2 Perceived usefulness The users’ perceptions regarding the useful-
ness of Prototype v2 also improved if compared with the second study. Taking
into account that the scale applied within the questions of this section is from
1 to 7 and that the minimum mean obtained is equal to 5, I consider that
the participants find Prototype v2 useful (see Table 6). In addition, I observe
that the standard deviations have also became shorter. For instance, the most
relevant results are shown in Q33, Q34, which obtained a sd= 1.69 and 2.1,
respectively in the second study, and in this study decreased to sd= 0.71 and
0.84, respectively.
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Question AVG
Third
Study

SD
Third
Study

Overall reaction to the software
Q1: Idea of the project 7.6/10 1.342
Q2: Working with the prototype 6.6/10 0.548
Q3: Way to produce a sonic product 7/10 1.000
Q4: The creation music process is 7.2/10 1.095
Q5: Interacting with the app 6.8/10 1.095
Screen
Q6: Reading characters on the screen 7.8/10 1.095
Q7: Highlighting simplifies task 7.2/10 0.447
Q8: Organization of information 7.4/10 0.894
Q9: Sequence of screens 7.8/10 0.447
Terminology and System Information
Q10: Use of terms throughout system 8/10 1.000
Q11: Terminology related to task 7.6/10 1.342
Q12: Position of messages on screen 8/10 1.000
Q13: Prompts for input 8.2/10 1.095
Q14: Computer informs about its progress 7.4/10 1.342
Q15: Error messages 4.75/10 4.272
Learning
Q16: Learning to operate the system 8/10 0.707
Q17: Exploring new features by trial and error 7.8/10 1.304
Q18: Remembering names and use of commands 8/10 1.414
Q19: Performing tasks is straightforward 6.6/10 1.342
Q20: Help messages on the screen 5.6/10 3.847
Q21: Supplemental reference materials 5.2/10 3.493
System Capabilities
Q22: System speed 7.8/10 0.837
Q23: System reliability 4.8/10 1.643
Q24: System tends to be 7.4/10 1.817
Q25: Correcting your mistakes 7/10 1.581
Q26: Designed for all levels of users 6.6/10 1.140

Table 5: Results obtained from QUIS in the third study.

9.4.3.3 Perceived ease of use The users’ perceptions regarding the ease
of use of Prototype v2 have also improved with respect to Prototype v1. As
in the case of the Perceived Usefulness, the scale used to rate the questions
of this section starts from 1 to 7. However, some questions are considered to
obtain positive results if they obtain low average rates. The questions that follow
this approach are Q40, Q41, Q42, which correspond to "I make errors frequently
when using this prototype", "This prototype often behaves in unexpected ways",
and "I find it cumbersome to use this prototype". These questions obtained lower
averages and shorter standard deviations as shown in Table 7. The most relevant
cases are Q41 and Q42, which obtained m= 4.62, sd= 2.06, and m= 2.5, sd=
1.77, respectively in the second study. In this study, the averages went down
to 2.4 and 2.2 respectively, and the standard deviations decreased to 0.547 and
0.837 respectively. Therefore, as mentioned below within the positive comments
of the participants, I consider that the results indicates that it is easy to perform
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Question AVG
Third
Study

SD
Third
Study

Q27: The collaborative music creation activity would be more
difficult to perform without this prototype.

5.2/7 1.304

Q28: Using this prototype gives me a greater control over the
on-going activity.

5.4/7 1.140

Q29: The prototype addresses my activity related needs 5.8/7 0.836
Q30: Using this prototype improves my performance in this ac-
tivity.

5/7 1.000

Q31: This prototype enables me to accomplish tasks more quickly. 6/7 0.707
Q32: This prototype supports critical aspects of the activity. 5.2/7 0.837
Q33: Using this prototype allows me to collaborate with others in
ways that otherwise would not be possible.

6/7 0.707

Q34: Using this prototype reduces the time I spend on unproduc-
tive activities.

5.2/7 0.837

Q35: Using this prototype enhances my effectiveness on the ac-
tivity.

5/7 0.707

Q36: Using this prototype improves the quality of the work we
are engaged with.

5.4/7 1.140

Q37: Using this prototype increases my productivity. 5/7 1.000
Q38: Using this prototype makes the activity easier. 6/7 0.707
Q39: Overall, I find this prototype useful in this activity. 6.2/7 0.837

Table 6: Results obtained from PU for third study.

collaborative music creation activities with Prototype v2.

Question AVG
Third
Study

SD
Third
Study

Q40: I make errors frequently when using this prototype. 3/7 1
Q41: This prototype often behaves in unexpected ways. 2.4/7 0.547
Q42: I find it cumbersome to use this prototype. 2.2/7 0.837
Q43: This prototype provides helpful guidance in performing
tasks

5.2/7 1.304

Table 7: Results obtained from PEU for third study.

9.4.3.4 Negative and positive comments As in the second study, I col-
lected negative and positive comments from the participants regarding any as-
pects that they considered I must take into account. Below, I summarize these
comments and present them in a list: The negative comments were focused on
the following aspects:

• Robustness is not 100 percent achieved yet

• Still some latency is present

• The way users pre-listen to a sound could be improved

• While recording a sound, the system should ask if user wants to save the
sound instead of saving it directly
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• Colors used to differs devices do not differ enough

The positive comments were focused on the following aspects:

• UI: Easy to use, name and color coding personalization was nice

• Fun to use for creating music in group

• Easy way to change positions and sounds

• Easy ways to interact with the system

• It encourages to work in group

• Collaboration and dialog raised up in order to coordinate the group

• The system responds in a good way

9.4.3.5 Video recordings and observations As in the second study, I
used two video cameras that allowed me to record what happened during the
third user study and that may be relevant for the study. The cameras were
placed as explained in Data Collection (see Appendix B). The camera 1 recorded
how the system performs and respond to users’ action and camera 2 aimed at
recording the reactions of the users to the software and the interactions among
them.

• Observations with camera 1: In general terms, this camera showed that
Prototype v2 supports the scenario presented within this study. However,
I could observe that there is still some delay when the participants are
using the musical notes mode. A deeper research needs to be done in
order to find out if this issue can be solved. However, it may be the case
that it is a limitation of the technology as claimed by Broll et al. [2]. These
authors claim that reading a NFC tag from a NFC-enabled phone creates
a delay of 0.5s.

• Observations with camera 2: With camera 2, I observe that participants
were more active when it comes to interact to each other. This may be due
to the tasks assigned to the users that were structured and required them
to agree on strategies to reach their goals. The camera 2 showed that the
social interaction appeared more often than in the previous study. This
social interaction appeared as discussions and argumentation regarding the
strategies to follow. For instance, during the activity of playing a list of
musical notes, the participants analyzed the list and one of them suggested
the first strategy. After a short discussion, they agreed on assigning one or
two musical notes to each participant. Therefore, each time the assigned
note appeared in the given list, the assigned participant must play it. The
assignation of notes was done based on the physical positions of the users.
After the first try, which was successfully completed but a bit slow (60
seconds), the users had fun and were willing to perform a faster try. To
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do that, they discussed about a second strategy. The participants agreed
on not assigning positions to each other because it caused some delay
when a musical note had to be played two times in a row by the same
participant. Therefore, they agreed on playing one note after another,
which meant that players had to play any note. With this strategy they
failed, they realized that the previous strategy was better since it was not
easy for everyone to reach all the musical notes on the grid. After another
discussion, they came up with a third strategy which was to follow a
similar approach as in the first strategy (assign musical notes to each
participant) but in this case participants must help each other. This help
was meant to be provided when a participant had to play the same note
two times in a row. The participant that was standing to the left side
must help the participant who is supposed to play the musical note. With
this strategy, the participants successfully reached the goal and performed
it faster taking on 43 seconds.
As in the previous study, I observed the interactions listed below:

– 1-to-1 interaction: occurred when each participant used their device
in order to join the group, pick a position, record a sound, select a
sound and play a sound.

– 1-to-M interaction: occurred when one participant took the lead and
explain his strategy in order to reach the goal. To do that, one
participant took several devices, not only his own, and explained to
the rest how his/her strategy works.

– M-to-M interaction: occurred when several participants were explain-
ing and discussing what the best strategy is to reach the goal. This
appeared in two forms, one or several participants explaining the
same strategy composing a team, or several participants explaining
their strategies, opposing each other and negotiating why and why
not their strategies are going to work.

To conclude this section, the collected data remarks that the participants’
perceptions about the changes introduced within this iteration have improved
the performance of the prototype and that, in general terms, the accept these
changes. However, Prototype v2 still lacks in several aspects that are listed
below:

• Interface Requirements:
- Improve Intuitiveness of the layout when it comes to select and pre-listen
sounds, better approach to differentiate the devices - Add supplemental
reference material in order clarify the features provided by the prototype
- Do not save recorded audios unless user wants it to be saved.

• Quality of Service Requirements:
- Small issues regarding robustness
- Still some noticeable latency

69



10 Summary and Conclusion
In this section, I summarize the results and address the research questions. In
general terms the results indicate that, even though there are several aspects
that need to be improved within the software solution, it is a suitable solution
to support the collaborative music creation scenario presented in this work. The
aspects to be improved are those related to robust issues, non-intuitiveness of
specific features, and error and help messages on the screen. These aspects have
been taken into account and translated into requirements for the next itera-
tion of the agile development process. The participants sounded very positive
regarding the overall idea of the project and the evolution of the prototype.
Additionally, the video recordings show that the participants were engaged and
excited while using my software solution. In these recording I have observed
that participants were motivated and collaborated with each other by improvis-
ing, showing their creativity and discussing music concepts. The collected data
enabled me to answer the research questions:
RQ1: How can collaborative music creation activities like mixing and sequenc-
ing sounds be supported by using relative-position aware mobile technology?
The data gathered within this study indicates that collaborative music creation
activities can be supported using mobile devices with a relative positioning sys-
tem. To provide such a system, I have combined NFC, MAS and an Android
native application which seems to be a suitable combination for creating music
collaboratively and for mixing and sequencing sounds.

RQ2: Which interactions occur when the proposed system is deployed and
the users are able to edit, mix and sequence sounds?
During the execution of this study, I have observed different types of inter-
actions such as one-to-one interaction, one-to-many interaction, and many-to-
many interaction. The one-to-one interaction occurs when each participant
uses his/her own device to complete individual tasks, such as record and select
a sound. The one-to-many interaction occurs when one participant wants to
express him or herself and give his/her point of view. This participant supports
his/her arguments by using his/her body language and also by moving his/her
and others’ devices on the NFC Tags grid. The main goal of the participant is to
convince the rest to follow his/her approach to reach the common goal. The last
observed interaction is the many-to-many interaction which occurs when par-
ticipants explain themselves using the mobile devices, following a brainstorming
approach. In this case, several participant give their opinions at the same time.
This interaction also occurs when participants are discussing about the sounds
and their initial positions.

RQ3: How can mobile phones be aware of their relative positions? To what
extent is NFC a suitable technology to support short-distance position awareness
using mobile devices?
The data show that the proposed system is suitable for supporting collaborative
music creation activities. To provide mobile devices with a relative positioning
system, I have used NFC as main component for sensing positions, as described
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in Prototype v1 (see Section 8). The usage of this component is in general terms
accepted by the participants. They sounded positive regarding this matter and
showed a good impression regarding the accuracy of the system when it comes
to locate the devices. In addition, in order to communicate and synchronize the
system, I have combined NFC with MAS and a native Android application that
together provide the relative position awareness to the devices. This, in general
terms, is also accepted by the participants. Therefore, I can conclude that my
software solution supports short-distance awareness in mobile devices.

In conclusion, I claim that the data collected through the user studies show
positive indications regarding the usability, usefulness, and user interface satis-
faction. Therefore, even though larger user studies are needed, I conclude that
this study has demonstrated that the combination of NFC and Multi-Agent
system within mobile devices can be used as a relative positioning system. The
results indicate that the tool is a suitable solution for the presented scenario,
which can take place within indoors and outdoors settings. According to the
results, there are indications that prove that the solution is an intuitive tool,
easy to use and do not require efforts to learn how to use which enable the users
to focus on the music creation process. The solution opens new fields of appli-
cations where a mobile, intuitive and collaborative system is required. However,
the current NFC grid used within this research work constraints the freedom of
the users, since they are forced to place the NFC grid on a table and use it each
time they want to switch position. In the near future I plan to enable users to
create new forms of layouts that fits better to each other’s preference in order
to gain more freedom. In addition, I will explore other potential technologies
that may allow mobile devices to be aware of their relative positions without
the need of using NFC.

10.1 Limitations
In this study, there are some limitations that are listed below:

• I have used four, eight and five participants in the first, second and third
study respectively. With this few participants, I have collected data that
do not allow to generalize and conclude that my solution enables novices to
create music collaboratively, but it proves my concept and gives indications
about that my solution might be suitable for novices to execute this kind
of activities.

• The participants used within the three user studies are related to the
department where this work has been done. Therefore, this may lead the
user studies to obtain a non-neutral feedback.

• In this research, I have only studied one technology (NFC) as a poten-
tial solution for the positioning system. Therefore, I have not considered
other technologies such as Bluetooth or IRDA, in order to compare which
technology fits better within the scenario.
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• In general, the chosen participants have a common background regarding
emerging technologies. These participants are studying or teaching courses
related to emerging technologies and it may influence results of the studies,
since it may be easier for them to understand how the tool works than if
I use people without any background in emerging technologies.

• Until now, the user studies have been carried out within indoors collocated
settings. This means that, even if I consider that the software solution can
be used within outdoors collocated settings, I do not have data to support
this claim.

• The solution has not been tested using only novices in music creation.
Until now, the group of participants mixed participants with musical back-
ground and novices.

• The software solution proposed within this study requires Android NFC-
enabled devices. This may be considered as a technological limitation
since NFC is an emerging technology that is increasingly being installed
in the new devices that comes out on the market. However, those devices
that are already in the market cannot use the software solution.

10.2 Future Work
As explained in Summary and Conclusion (see Section 10), the results lead me
to continue working and improving the software solution. To do that, I already
have in mind several plans that will add more features and value to the solution.
These plans start with adding several features that earlier were not possible
to add due to time restrictions, such as data sharing, editing sounds, and the
possibility to use a non-prefixed NFC grid to the software solution. Additionally,
I am planning to involve experts on introducing emerging technologies into
music creation scenarios and after that I plan to run the first user study with
only novices in music creation. This will enable me to test if the solution really
works when being used only by users from the target group. Moreover, I am
planning to run a user study within outdoors collocated settings in order to see if
the solution faces any issues regarding the location of the activity. Additionally,
my plans also include several variations on the usage of NFC. The first idea is to
enable users to use NFC not only for changing positions, but to add more actions
to it, such as choosing sounds or triggering actions like adding effects to selected
sounds when reading NFC tags. The second idea is to provide a different layout,
I consider the current layout to work sufficiently in some scenarios, but it may
limit the users in other scenarios. Therefore, I consider that by enabling users
to build their own layouts will add more value to the user experience.

In addition to the previous future plans, I am also considering to apply
my software solution into other scenarios. I believe that the concept of the
relative position awareness and the collaboration offered by my system can be
exploit within other fields such as collaborative games, collaborative learning,
memory training, etc. To end this section, I am also considering on changing the
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prototype to a web-based approach in order to gain cross-platform capabilities
and being able to reach more people and devices that I currently am.
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Introduction  

The main goal of this paper is to initiate an evaluation of a set of features of mobile technologies and multi-touch 

smart tables, in three distinct scenarios in order to start understanding potential as learning technologies. According 

to [3], mobile technology fits better into outdoor collaborative scenarios and multi-touch technology fits better into 

indoor scenarios. However, these authors do not present any scientific proofs that supports their claim. The aim of 

this research is to identify what is the most suitable technology (or combination of existing technologies) for each 

learning scenario. Therefore, the goal is to enhance collaborative learning scenarios applying emerging technologies.  

The domain chosen to focus the research space was music creation and the target group of my research is 

novel music-learners. According to [1], this group is an interesting case since not enough research has investigated 

the particulars of their needs: they are not necessarily children but any person without substantial formal education 

knowledge about music creation. This group is known as “novices in music learning”. Current tools are musician-

oriented systems and include complex information, concepts and interface, these tools enable users to create 

electronic music pieces [1]. For this reason, these tools are difficult to understand for novices in music learning. 

Furthermore, the authors in [2] claim that there is a difference between music creation and music composition, and 

that the musician-oriented systems mentioned above are focused on music composition. This difference is that music 

composition is more a solitary activity, where the composer makes use of his skills in order to compose something 

with a unique style. The music creation is what novices in music learning do; since novices usually do not have any 

instruments and do not have a clear idea of what they want to create, this process is more like a design activity, 

where novices refine collaboratively an initial idea. Because of these reasons, in [2] the authors argue that the music 

creation process must be prototypical and also cooperative. Prototypical because this process is an iterative process 

that enable novices to create, modify, combine sounds and play repeatedly until they reach a refined version, and 

cooperative, because novices in music creation do not have enough knowledge and are not confident enough about 

creating music individually, but being within a group produces a collaborative thinking and participation.  

 Considering the issues just mentioned we decided to explore possible requirements for collaborative 

learning scenarios. We also decided to explore and evaluate features provided by emerging technologies and current 

tools used for collaborative music creation. We will use experts in new technologies for studying not only if the 

requirements are important for collaborative scenarios but also if the technologies fulfill the requirements. The first 

emerging technology we will study is mobile technology, which includes smart devices such as smart phones and 

tablet devices, and the second one is multi-touch technology, which increasingly are starting to be used within 

school learning environments. 
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Motivation  

Learning music can be a complex and an expensive process, and learning how to play an instrument adds 

more complexity and cost to this process. Electronic music avoids this second challenge and enables people to focus 

more in the learning music process. However, most of the parents of the learners do not have the basic music 

knowledge to support their children within this learning process. For this reason, in most of the cases a professional 

music teacher is needed to support and teach learners about this learning music process. According to Arts Council 

of England [33], the high cost of music lessons and instruments are making many families not being able to afford 

the costs of this process: empirical data strongly suggests  almost a third part of the parents participating can not 

give this music education to their children because of its high cost. Many studies and experts claim that learning 

music gives many benefits to the learners, especially when it comes to children and adolescents. One of these studies 

was carried out by Kokotsaki and Hallan in 2007 [34], this study shows that learning music give several benefits to 

the learners such as deeper musical knowledge and understanding, feeling integrated and active within a group that 

produces an outcome, strong sense of belonging, becoming more social getting more friends and social skills, 

developing self-confidence and some other benefits.  

Many experts on pedagogical, education and philosophy fields have proved that collaborative activities 

enhance the benefits of learning activities. One of them is Matthew Lipman [36], who claims that a community 

inquiry is needed within the classrooms in order to foster children to think and develop their knowledge skills. 

Lipman claims that these activities lead children to build their own ideas, to learn how to listen respectfully to their 

partners and encourages them to accept challenges. Therefore, learning music within collaborative environments 

seems to be a promising case to study, the purpose of the study explained in this paper is to enhance music 

collaborative learning scenarios applying emerging technologies. In my opinion, emerging technologies are opening 

many ways to create new solutions and also to tackle previous solutions in a different way, probably in a better one 

or just more suitable for the end users. 

  

Background  

 The authors Brown and Dillon in [35] explore the potential of using computers connected to the network as 

instruments. They claim that computers can respond to gestures in the same way as for example piano and they also 

argue that collaborative musical improvisation offer many learning opportunities not only to school learners but also 

music learners in general. 

From literature to requirements 

The researcher has explored the literature in order to identify the different collaborative activities that take 

place into school learning environments and to abstract the requirements for each collaborative learning activity. 

These activities, also known as scenarios, can be classified into three different scenarios; indoor, outdoor and indoor 

+ outdoor collaborative learning scenarios. These three different scenarios have been abstracted by reading the 

following references: [7], [8], [9], [10], [11], [12], [13], [14], [15], [16], [17], [18], [19]. The requirements for each 

scenario have been generalized by paying attention to the previous mentioned references. At least 4 collaborative 

learning activities for each scenario have been observed on these collaborative learning activities that have been 

documented and executed by experts in the following papers: 

- For Indoor collaborative learning activities, the requirements have been generalized using three 

different papers where the experts have documented 4 different indoor collaborative learning activities 

[7], [8], [9].  

- For Outdoor collaborative learning activities, the requirements have been generalized using 5 different 

papers, where the experts have documented 5 different activities [10], [11], [12], [13], [14]. 

- For Indoor + Outdoor collaborative learning activities, the requirements have been generalized using 5 

different papers, where the experts have documented 5 different activities [15], [16], [17], [18], [19]. 

Each collaborative learning scenario has at least 12 requirements. Some requirements are for specific 

scenarios such as the size of the groups. In the three scenarios this size is different, which makes sense because 

usually when learners are doing an indoor collaborative activity the space is more limited than for outdoor 

collaborative activities. There are also requirements that appear only in one scenario such as in indoor collaborative 

scenarios the requirement RI2, which says that it is required to provide face to face settings in order to foster 

discussion and argumentation among the learners. Other example for requirements that appears only in one scenario 

is in outdoor collaborative scenario the requirement RO6, which says that the system must be portable and wireless. 
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Since indoor + outdoor collaborative is a combination of the requirements of indoor and outdoor, it makes sense to 

have the mentioned requirements within this combined scenario, in this case these requirements are RIO15 and 

RIO14.  All the requirements are listed on Table 2. 

 The term Technology Enhanced Learning (TEL) points to the need to consider how emerging technologies 

enable us to enhance learning processes. Mobile technology is one of these emerging technologies, the potential 

offered by this devices and the increasing number of children and adolescents that possess a mobile device invite us 

to pay special attention to mobile technology as a candidate to enhance learning processes. Multi-touch table 

technology is also increasing its popularity within school environments; it is a powerful device that enables multiple 

users to work on top of the same table. One example of the application of these technologies within collaborative 

learning scenarios is shown in [3].  

The searcher has also looked at the literature in order to identify what are the features provided by mobile 

technology and multi-touch table technology. These features have been found observing several of the most relevant 

papers on the field such as [20], [21], [22], [23], [24] for mobile technology and [25], [26], [27] for multi-touch 

technology. The researcher has also identified a current tool that enables users to create music collaboratively for 

later on comparing its performance with emerging technologies’ performance. The authors Keller et al. in [1] carried 

out a comparison among several networked music environments such as CODES [1], WebDrum [29], Edu-Musical 

[30], Pitch Web [31] and Jam Space [32]. According to Keller et al. in [1], CODES offers a better performance not 

only because of its novice-oriented approach but also for other characteristics such as group memory, awareness, 

argumentation and authorship [1]. For this reason the researcher has picked CODES as current tool to compare with 

the emerging technologies. The researcher has also looked at the literature to identify the features provided by 

CODES. It is a web application that enables users to combine, listen and rearrange pre-defined sound patterns in 

order to create musical pieces. CODES allow users to create music through a cyclical and collaborative process [28]. 

 Analyzing the features provided by the mentioned emerging technologies and CODES, there are many 

differences among them such as the most evident when it comes to compare the emerging technologies with 

CODES. Since CODES is a computer based web application, it is always limited by the computer that the web 

application is running on. When it comes to use CODES in a collaborative learning scenario, it means that each 

learner must have a computer in front of them, it might be an impediment for the learner to start a discussion or 

argumentation. Concerning this, using any of the two mentioned emerging technologies facilitate and foster 

discussion and argumentation among the participants. Mobile technology and Multi-touch table technology not only 

provide the features that they bring by default but also they can be extended implementing an application that extend 

these features that these technologies already have. All the features that each technology provide are shown in Table 

3. 
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Table 2: Summary of requirements. 

 

 

 

 

 

 

 

 

 

 

 

 

Requirements 

Indoor 

RI1 The system shall allow the creation of groups 
with maximum 9 members 

RI2 Face to face settings to support discussion,  

negotiation and argumentation among the  

participants 

RI3 The system shall allow to import data. 

RI4 The system shall allow users to create data 

from scratch and manipulate or modify any 
data shared in the group 

RI5 The system shall be able to differentiate roles, 
at least teacher and learners 

RI6 Teachers shall be able to create activities, add 

rules and manage groups creation process 

(creating groups, adding learners, assigning 
roles to them) 

RI7 The system shall be able to transfer data in 
order to allow teachers and learners to 

exchange information such as group 

distribution, material needed and roles assigned 
to each learner. 

RI8 The system shall be able to connect to the 

network in order to allow data transferring 

RI9 The UI of the system shall be easy to use, the 

target group are young students so it must be as 

simple as possible 

RI10 The system shall support interaction 1 device to 

1 learner (1-to-1) is required in some cases 

RI11 The system shall support interaction 1 device to 

many learners (1-to-m) 

RI12 The system shall support data visualization or 
presentation. 

Optional 

RI13 The system shall support data storing, in order 

to transfer any data, this data must be saved 
somewhere before it is sent 

RI14 The system shall be able to share, export  or 
publish the produced outcome 

 

Outdoor 

RO1 The system shall support learners to create 
groups with maximum 34 members. Take 

into consideration that 1 learner can only 

be in 1 group. 

RO2 The system shall be able to Identify 
individual contributions (authorship) in the 

group outcome 

RO3 The system shall support the creation of 

data from scratch, the data collection and 

the data documentation. The data is 
collected and documented individually and 

shared it with group members 

RO4 The system shall support data sharing; 

members of the same group need to share 

collected data and documentation 

RO5 The system shall be able to connect to the 
network, in order to fulfil the previous 

requirements this one is essential 

RO6 The system shall be portable and wireless; 

low dimensions, low weight. 

RO7 Requires collaboration in order to foster 

discussion, argumentation and negotiation 

processes 

RO8 The system shall support interaction 1-to-1 

RO9 The system shall allow data 

visualization/presentation; group member 
shall be able to visualize the data shared 

within the group and modify it if needed 

RO10 Data Storing: The system shall allow users 

to store information in order to be able to 

share it 

RO11 The system shall allow users to share, 

export and publish data. 

RO12 The system UI shall be easy to use 
 

Indoor + Outdoor 

RIO1 The system shall support the creation of 
groups with maximum 10 members, 

taking into consideration that 1 learner 

can only be in one group. 

RIO2 The system shall support collaboration 
tools for fostering discussion, 

argumentation and negotiation process. 

RIO3 Data gathering is required, groups are 

asked to collect data and share it with 

their group members 

RIO4 Data transferring is required, the system 

must enable users to transfer collected 
data 

RIO5 The data created outdoor must be shared 

and used indoors. This information share 

must be executed fast 

RIO6 The system shall support the creation of 

data from scratch. The data is created 
individually and shared it with group 

members 

RIO7 Individual units should be provided to the 

participants in order to enhance free 

movements (1-to-1 interactions) 

RIO8 A shared unit should be provided to have 

a point of discussion between the 
participants in a group 

RIO9 The system shall allow data saving; users 

need to save information in order to be 

able to share it 

RIO10 The system shall allow to export and 

import data 

RIO11 The system shall allow group members to 

visualize and modify data shared, even if 
they are not the creator of the data 

RIO12 The system shall allow users to share and 

publish data. 

RIO13 The system UI shall be easy to use 

RIO14 The system shall be portable and 
wireless; low dimensions, low weight. 

RIO15 Face to face settings to support 

discussion, negotiation and 

argumentation among the participants 
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Table 3: Summary of features provided by each technology. 

 

Problem Domain and Research Question/s 

Ahmad and Pinkwart [3] propose a common framework that covers indoor collaborative activities and also 

outdoor collaborative activities. These authors affirm that mobile technology performs better than others 

technologies within outdoor activities and that multi-touch table technology performs better when it is applied into 

indoor activities. However, these authors do not provide any evidences of their affirmation. Therefore, the purpose 

of this paper is to study what are the benefits and drawbacks of applying mobile technology and multi-touch 

technology into indoor, outdoor and indoor + outdoor scenarios. This paper also compares the performance of these 

two technologies with current tools that enable users to create music collaboratively applied into the mentioned 

scenarios. Thus, this research has been done within the following domain, collaborative music creation within 

indoor and outdoor collaborative environments. In order to tackle this problem, this paper is aiming to answer the 

following research question:  

 What benefits and drawbacks can different interactive features conveyed by mobile and multi-touch 

technologies provide in terms of collaboration in music creation scenarios for music players with restricted 

music education?    

Features 

Mobile Application Mockup 

FMo1 Data Communication (3G, 3,5G, WiFi, 

GPRS, Bluetooth, NFC, USB) 

FMo2 High Resolution Color Multi-touch 

Screen 

FMo3 Easy Interface usage 

FMo4 Portable: Low Weight  (116 g) , low 

dimensions 

FMo5 Digital Camera (Video and Photo 

recorder and player) 

FMo6 Multimedia Player (Audio Recorder and 

player) (Loud speaker, 3,5 mm jack) 

FMo7 High Storage capacity (internal 

16GB,32GB, 1GB RAM) (external up to 
32 GB) 

FMo8 High Processing Speed 

FMo9 Direct touch interactions 

FMo10 Microphone 

FMo11 Single user support - 1 to 1 interaction 

FMo12 Accelerometer 

Application features 

FMo13 Multi users support (several devices with 

several speakers can connect and work as 
a group, for example MAS) 

FMo14 Context Location Awareness (Each 
device knows its position within a group 

of phones ) 
 

FMo15 Import, Export, share and publish music 
samples 

FMo16 Edit sound samples (Effects) 

FMo17 Take notes 
 

Multi-touch application mockup 

FMu1 Data Communication (WIFI, Ethernet, 

Bluetooth) 

FMu2 High Resolution Color Multi-touch 

Screen 

FMu3 Large display size (40” - 55”) 

FMu4 Easy Interface usage 

FMu5 Weight (37 kg - 80 kg) 

FMu6 Video and Photo player 

FMu7 Multimedia Player (Audio Recorder and 

player) (Loud speaker 3,5 mm jack) 

FMu8 High Storage capacity(internal 500GB, 

4GB RAM) 

FMu9 High Processing Speed 

FMu10 Direct touch interactions 

FMu11 Microphone 

FMu12 Multi-user support (1-to-M) 

FMu13 HDMI 

FMu14 USB external devices 

Application features 

FMu15 Sounds position awareness (order of the 
sounds within the same space) 

FMu16 Import, Export, share and publish music 

samples 

FMu17 Edit sound samples (Effects) 

FMu18 Take notes 
 

CODES 

FC1 Creating, Editing and publishing are the four 

main features of the system 

FC2 Sharing via email, invite an existing user 

FC3 Sound export 

FC4 No sound import 

FC5 No sound recorder 

FC6 Activities Storage 

FC7 Easy UI to use 

FC8 Elements representations 

FC9 Flexible system 

FC10 Group Memory 

FC11 Awareness 

FC12 Communication tools (comments, it is 

possible to attach audio and videos for 
explanations) 

FC13 Authorship 
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Methodological Considerations 

In order to be able to do the comparison between the technologies applied into the scenarios; several 

methodological approaches have been applied through a set of phases. A summary of these phases is shown in Table 

1.  

Phase of Design Executor Input Methods Expected Outcome 

Phase 1 - Identify 

requirements & features 

researcher Identify generic scenario requirements of three 

main scenario types: indoor, outdoor, indoor + outdoor. 

Literature 

Review 

Indoor requirements 

Outdoor requirements 

Indoor  + Outdoor requirements 

 
 

researcher Identify properties of selected technology (mobile devices 
and multi-touch tables). 

Literature 
Review 

Mobile technology features and 
properties 

Multi-touch table technology 

features and properties 

 researcher Identify properties of current tools used for learning 
electronic music. 

Literature 
Review 

CODES features and properties 

Phase 2 -Develop 

prototype & defining 
scenario settings 

researcher Low-tech prototyping selected technologies. To build 

mockup 
applications 

with paper 

Mockup mobile application 

Mockup multi-touch table 

application 

Phase 3 - Case Studies & 
Observation 

researcher 
CeLeKT's 

members 

Case studies of applying each mockup (representing each 
technology) in each scenario. 

User Study & 
Observation 

analysis pre-

test, during-
test 

 

 

 

researcher 

CeLeKT's 
members 

Numerical evaluation of the properties of each mockup 

applied to each scenario. 

Questionnaire  

 researcher Analyze numerical data of each mockup within each 

scenario. 

Qualitative 

Analysis 

 

Phase 4 - Conclusion of 

study 

researcher Compare finding and sort a list of indications for each 

scenario 

Comparison List of indications about which 

technology seems to be suitable to 

apply in each scenario 

 Table 1: Methodology following Scaife et al. [6]. 

The first phase has been placed above within the Background section, because it is part of the literature 

review. The requirements and features are placed within the subsection “From Literature to Requirements”.  

  

User Study & Observation 

The second phase was to run a User Study using Heuristics Evaluation with 4 CeLeKT members, which are 

experts in new technologies. The experts were contacted by the researcher through email, and the time space in 

between the date the researcher contacted the experts and the date of the execution of the study was quite short, there 

was only a week in between these dates. Asking experts in new technologies to evaluate scenarios is a valuable 

method since they already know how these technologies work and what we can expect from them. These experts 

were asked to evaluate a mobile mockup application, a multi-touch Table mockup application and CODES to each 

of the three different activities. These activities have been created based on the requirements of each scenario 

mentioned above and are composed by an indoor collaborative activity, outdoor collaborative activity and a mix of 

those (indoor + outdoor collaborative activity), for instance, the indoor activity was created by paying attention to 

the abstracted indoor requirements summarized on Table 2 and the same for outdoor and indoor + outdoor scenarios. 
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More detailed information regarding the activities execution can be found in the Appendix section, where the 

activities and questionnaires are described in detail. The experts were asked to evaluate through questionnaires the 

following factors: 

 Heuristics: In order to know what heuristics are the most important ones in terms of usability, the experts 

must rate the same heuristics for the three scenarios. A list of 18 heuristics introduced in [4] by Baker et al. and in 

[5] by Nielsen et al. are given to each expert. Each heuristic must be rated (from 0 – 5) by the experts in order to 

provide their considerations with respect to each one of the aspects presented in the heuristics.  

Requirements: Each collaborative learning scenario is composed by several requirements. Therefore, the 

researcher wants to know what are the most important requirements according to the experts, for that reason, they 

were asked to rate from 0 to 5 the following questions: 

 Q1: How important is each requirement for collaborative systems? 

 Q2: How important is each requirement for this specific scenario? 

  Mapping features and requirements: The researcher wants to know what technology works better within 

each specific scenario, for this reason, a table that maps a specific requirement of a specific scenario with a specific 

feature of a specific technology was given. For instance, when the expert is evaluating the indoor collaborative 

scenario, he will have to map into a matrix each indoor requirement with each feature provided by each technology.   

Qualitative Analysis 

 A qualitative analysis will be applied into the results, even if the results are given in numbers, we are 

evaluating and comparing specific characteristics offered by technologies and required by scenarios. In this case, the 

numbers and averages are there just to describe and help us to analyze and understand what features perform better 

in a certain requirement. 

Comparison 

 In order to be able to conclude the research and give some indications about what is the most suitable 

technology for each collaborative scenario, the researcher must compare the performance of each technology applied 

into each scenario. Thus, the researcher has filled a matrix that basically matches each feature provided by each 

technology with each requirement required by each scenario. This matrix, so called mapping table, has been filled 

by observing the gestures and the behavior of the experts in a video recorded during the User Study session . This 

mapping table can be found in the Appendix section.  
  

Results and Analysis 

In this section, The researcher will introduce the results obtained through the user study & observation, 

qualitative analysis and comparison. Based on the features presented above, two mockups were created; one for 

mobile application and another one for the multi-touch application. These mockups did not have implemented any 

functionality behind the interface.  

Mobile mockup application, is a low-tech prototype of a mobile device application that shows an 

overview of how our mobile application could look like and what is the functionality provided by the application 

based on the features mentioned above. This mockup can be accessed in the following link:  

http://mockupbuilder.com/App/061ea15b-88ca-449a-9c92-7443b31ca4ef 
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First screen that users see, 
it allows users to access to 

all the functionalities that 
the mockup offers 

Screen that allow users to 
import a sound by reading 

a given QR code 

Screen that shows the 
sounds the user already 

have in the app. It allows 
them to play, edit or select 

a sound for a grupal 

composition 

Screen that shows the user 
that a sound is being 

played. It also offers to 
edit the sound or select it 

for grupal composition. 

Screen used to set the 
position of one sound 

among a group of 
sounds. The sound will 

be played according to 

his position.  

 
 

   

Screen that enable users to 
apply different effects to 

an specific sound. It also 

allows to play the sound 
with the done 

modifications 

Screen that allows users to 
join a group by reading a 

given QR code. 

Screen that shows the user 
who are his group 

members. 

This Screen enable users 
to record any sound and 

save it on sounds gallery 

Screen that enable users 
to export a sound. The 

sound can be exported 

in different  

   

  

Screen that shows the user 

the position of his sound 
and that it is being played 

Screen that shows the user 

the position (2) of his 
sound and that it waiting 

for being played 

Screen that shows the user 

the position (3) of his 
sound and that it waiting 

for being played 

  

 

Figure 1: Mobile application mockup. 
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Multi-touch mockup application is a low-tech prototype made out of paper in real size. This prototype is 

composed of several parts, which are the main screen with main menu and the sub-menus. The main screen shows 

the main menu and the music play-lines and the sub-menu screens, which are presented in different papers, show 

different functionalities depending on the button pressed in the main menu. As in the previous mockup this mockup 

is an overview of how a multi-touch table application could look like, in Figure 2 a picture of this mockup is shown.  

 

 
Figure 2: Multi-touch table mockup. 

During the execution of User Study, the experts tested the three different applications applied into the three 

different activities. After they finished each activity, they were asked to fill in several questionnaires and tables to 

cover aspects such as the importance of the requirements for collaborative systems in general and the importance of 

the requirements for the specific scenario. However, due to a lack of time, the experts did only execute fully the 

indoor’s activity. After the indoor’s activity execution, the experts answered the related questionnaires. The 

outdoor’s and indoor+outdoor’s activities were covered in an informal discussion approach, in order to cover the 

minimal aspects with respect to these activities. More concretely, for the outdoor and indoor + outdoor activities the 

experts received a complete explanation from the researcher about each scenario considerations, and a discussion 

was carried out. With this information the experts filled in the questions Q1 and Q2 and the heuristics tables 

regarding these two scenarios. According to the answers of the experts to these questions, the following 

requirements are the most important ones in each specific activity: 

 

Indoor 

RI13: The system shall support data 

storing, in order to transfer any data; 

this data must be saved somewhere 

before it is sent. 

RI14: The system shall be able to 

share, export or publish the 

produced outcome. 

RI3: The system shall allow 

importing data. 

RI8: The system shall be able to 

connect to the network in order to 

allow data transferring. 
 

Outdoor 

RO4: The system shall support data 

sharing; members of the same group 

need to share collected data and 

documentation. 

 

RO10: Data Storing: The system 

shall allow users to store 

information in order to be able to 

share it. 

 

Indoor + Outdoor 

RIO6: The system shall support the 

creation of data from scratch. The 

data is created individually and 

shared it with group members. 

 

RIO9: The system shall allow data 

saving; users need to save 

information in order to be able to 

share it. 

In general, the results show that the experts agreed on what are the most important requirements, since they 

rated the same requirements with close rates. However, there are cases where the points given by the experts for a 

specific requirement vary on 3 points; the results show that there are several cases that present this behavior. This 
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could be because the experts might have interpreted the requirements in different ways. For instance, one of these 

cases is in the requirement RI7 within the indoor activity, which says “The system shall be able to transfer data in 

order to allow teachers and learners to exchange information such as group distribution, material needed and roles 

assigned to each learner”. In this case, the experts answered question 1, which is about the importance of the 

requirements for collaborative systems, with the following rates; expert1 and expert4 rated RI7 with 5, and expert2 

and expert3 rated it with 2 and 4, respectively. Observing more in detail, it is worth to mention that the answers 

provided by expert4 in most of the cases are 5, this means that for him the requirements presented are equally 

important not only for collaborative systems in general but also for each collaborative specific scenario. Thus, an 

extra meeting might be necessary in order to double check that these results are correct and make sure that the 

experts interpreted the requirements in the way the researcher was expecting. More detailed information is presented 

in tables named “Requirements Importance” within the Appendix section. 

As mentioned above, a table that maps each requirement of each scenario with each feature provided by 

each technology has been filled. The approach followed to fill in this table was through observation in a Qualitative 

study.  This detailed table is included within Appendix section. The Table 5 presented below is a summary obtained 

of the detailed table, which shows the scores that each technology has obtained for each requirement. The way to 

calculate the score for each requirement and technology is calculated as follows; each technology provide several 

features, which are rated  from 0 to 5, the values that are shown in Table 5 is the sum of these rates for each feature. 

In table 5, the importance average of each requirement has been added in order to see which technology performs 

better in the most important requirements. Since, the importance of the requirements vary from question 1 to 

question 2, both are shown within Table 5. In the top of this table we can see the requirements grouped by 

importance of the requirements for collaborative systems in general (Q1) and in the bottom of this table the 

requirements are grouped by importance of the requirements for indoor collaborative scenario (Q2). In both cases, 

the requirements are grouped in colors in order to facilitate this classification and understand to which group each 

requirement belongs; this classification has been done as following, requirements in orange are the most important, 

in purple are important, in pink are less important, and in red the less important ones. Within this table it is also 

shown the overall score for each technology.  

The most relevant results for the researcher within this study are the scores of the three applications for the 

requirements for indoor collaborative scenario (Q2). Therefore, the results show that CODES does not get many 

scores in the requirements grouped as “most important” and it is not even close to the scores obtained by the others 

two. These most important requirements for Q2 are: 

- RI3: The system shall allow importing data. 

- RI8: The system shall be able to connect to the network in order to allow data transferring. 

- RI13: The system shall support data storing, in order to transfer any data, this data must be saved 

somewhere before it is sent. 

- RI14: The system shall be able to share, export  or publish the produced outcome.  

The previous requirements mentioned are crucial for any application that is supposed to be used for indoor 

collaborative learning scenarios. Especially in the case the researcher is aiming at, it is needed to be able to import 

sounds in order to have some material to work with and also export the results and share them among the 

participants. Therefore, even if CODES provides a complete sounds gallery it might not be enough when it comes to 

learn with specific sounds that must be imported into the application. Since CODES is a web application, it is 

always connected to the network; nevertheless, it becomes confusing when it comes to transfer data. The mockup 

applications of the emerging technologies enable its users to import, transfer connect, export and share in a easier 

way than in CODES.    

The next group of requirements is the category colored in purple; it contains the requirements marked by 

the experts as “important” regarding indoor collaborative scenario (Q2). These requirements are listed below:  

- RI2: Face to face settings to support discussion, negotiation and argumentation among the participants 

- RI4: The system shall allow users to create data from scratch and manipulate or modify any data 

shared in the group 

- RI7: The system shall be able to transfer data in order to allow teachers and learners to exchange 

information such as group distribution, material needed and roles assigned to each learner. 

- RI9: The UI of the system shall be easy to use, the target group are young students so it must be as 

simple as possible 

- RI10: The system shall support interaction 1 device to 1 learner (1-to-1) is required in some cases 
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- RI11: The system shall support interaction 1 device to many learners (1-to-m) 

- RI12: The system shall support data visualization or presentation. 

When it comes to foster discussion and argumentation among the participants in RI2, CODES got the 

lowest score. This is because while the learners are using CODES must have a computer in front of them and it 

obstructs this process of discussing. It does not happen while using the other two mockup applications, the results 

for these requirements are very close to each other, it shows that both technologies perform equally this requirement. 

The biggest difference when it comes to create data from scratch and manipulate or modify shared data (RI4) is 

shown in between CODES and the emerging technologies. CODES does not allow record any sound, this means that 

its users cannot create data from scratch, in the other hand, both emerging technologies enable their users to record 

sounds. When it comes to offer an UI easy to use (RI9), CODES obtained the best score. These results are due to 

CODES is not a prototype, it is a final tool. As Keller et al. in [1] said, CODES has been developed following 

novice oriented approach and, therefore, it presents a very simple and easy to use interface. The score obtained by 

CODES in requirement RI12 shows that during the execution of the study the experts were lost when they were 

using multi-touch and mobile technology because the representation of the sounds being played was abstract and 

they did not know the length of each sound and when it was going to end. However, while they were using CODES, 

this gap was completely solved. When it comes to support 1-to-1 interaction (RI10), the biggest difference is 

presented by mobile mockup application, as one of the experts mentioned in during the User Study, usually mobile 

application are small and they contain too many buttons that obstructs the interaction in between the device and the 

user. CODES and multi-touch table mockup do not present the same symptoms regarding this issue. When it comes 

to support 1-to-m interaction, CODES is the one that shows a big difference among the applications, it is due to the 

difficulties shown by the experts when it was about finding what are the changes made by other group members  

during the study. The best score is presented by multi-touch table mockup; it is due to one of the biggest benefits of 

this technology, its large size screen. When it comes to support data visualization (RI12), CODES obtained the best 

result and it is due the representation of the sounds and its length. This functionality was not provided by any of the 

emerging mockup applications. A complete detailed table is attached to the Appendix section, where it is shown the 

mapping table that matches each requirement with each feature. 

 

Mapping indoor requirements with tested technologies  

Q1  Importance AVG 3,25 3,75 4,75 4,25 4 3 4 4,8 4,5 3,25 4,8 4,5 5 5 
Overall 
score 

REQUIREMETNS RI1 RI2 RI3 RI4 RI5 RI6 RI7 RI8 RI9 RI10 RI11 RI12 RI13 RI14 
 

CODES 12 35 0 29 0 22 28 0 43 46 0 47 29 20 662 

MOBILE 31 59 48 58 15 30 43 30 30 18 23 38 41 51 1030 

MULTI-TOUCH 26 55 46 59 8 35 37 24 28 30 44 40 25 41 996 

REQUIREMETNS RI1 RI2 RI3 RI4 RI5 RI6 RI7 RI8 RI9 RI10 RI11 RI12 RI13 RI14 

 Q2 importance AVG 2,5 4 5 4,5 3,5 3,8 4,25 5 4,3 4,25 4,5 4,75 5 5 

 

Table 5: Summary of the scores obtained during the mapping of features with requirements. 

The experts were also asked to rate a list of heuristics applied to each scenario. The purpose is to know 

which heuristics are the most relevant ones for each scenario according to the experts in terms of usability. These 

heuristics have been presented in [4] and [5]. In Table 6 we can see a summary of the heuristics and the average 

rates given by the experts, it is ordered by the average score obtained in the indoor scenario. A full detailed table is 

included within the Appendix section.  In general terms, the average rate for the heuristics vary depending on the 

scenario. However, this variation is not very significant for us since in most of the cases it is not greater than 1. 

There is one case where this variation is greater than 1, it is in heuristic number 2, which says “Provide the means 

for intentional and appropriate gestural communication” . The average rate of this heuristic when it is applied within 

indoor scenario is 3, and it varies when it is applied within outdoor scenario to 4.5. Therefore, this heuristic pass 

from being less important for indoor scenarios to important for outdoor scenarios, this is because while learners are 

sharing the same space (indoor scenario) it is not very relevant to provide intentional and gestural communication, 

Colors code 

Very important (avg = 5) Important (5<avg>4) Less important (4<avg>3) Not very important (3<avg>0) 
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but when it comes to outdoor activities, where learners are not sharing the same space, they need to get information 

about what is going on the system.   

 

Additional Comments 

Several comments were said by the experts during the session; one of the experts suggested that the 

requirement RO2, which is “The system shall be able to Identify individual contributions (authorship) in the group 

outcome”, must be also a requirement for Indoor and for Indoor + Outdoor scenario. Other expert mentioned that the 

functionality presented in the mockup applications for importing sounds was difficult, as it was presented within the 

mockups experts were asked to scan a QR-code in order to import the sound. The same expert suggested to provide 

a sound database search, which could be fixed by the researcher. However, in the scenario we were studying the 

learner must use the sound that  the teacher has prepared specifically for him. This follows one of the requirements 

for indoor scenario, which is RI6 that says “Teachers shall be able to create activities, add rules and manage groups 

creation process (creating groups, adding learners, assigning roles to them)” , this means that the teacher can assign 

each learner  the role of working with a specific sound. For this reason I believe that importing the sound using QR-

codes is easier than giving a database with a lot of sounds where learners can get lost looking for the specific sound 

they are asked to use. The last comment mentioned during the study is a drawback for mobile technology, the expert 

claimed that mobile application screens usually need more control buttons and it can be hard to manage within such 

small screens.  

 

 

 

 

 

 

Heuristics Evaluation 

Averages (Ordered by indoor avg) 

Indoor Outdoor 
Indoor + 
Outdoor 

9 Visibility of system status  5 4,66 4,375 

4 Provide consequential communication of shared artifacts  4,5 4,75 4,5 

7 Allow people to coordinate their actions  4,5 4 4 

5 Provide protection 4,25 4,25 4,25 

12 Consistency and standards 4,25 4,5 4,375 

1 Provide the means for intentional and appropriate verbal communication 4 3,75 4 

6 Management of tightly and loosely-coupled collaboration 4 4 4,25 

10 Match between system and the real world 4 4,25 3,875 

11 User control and freedom 4 3,75 4,125 

13 Error prevention  4 4,25 4,125 

14 Recognition rather than recall 4 4,25 3,5 

17 Help users recognize, diagnose, and recover from errors 4 4 3,5 

8 Facilitate finding collaborators and establishing contact 3,5 3,75 3,75 

16 Aesthetic and minimalist design 3,5 3,5 3,75 

18 Help and documentation 3,25 3,25 3 

2 Provide the means for intentional and appropriate gestural communication 3 4,5 4 

3 Provide consequential communication of an individual’s embodiment 2,75 1,75 2,5 

15 Flexibility and efficiency of use 2,75 3 3,25 
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Conclusion 

In conclusion, the results of the study do not only show what is the importance of each requirement for 

collaborative systems in general and for the specific scenario but also the importance of the heuristics for each 

scenario and the most suitable technology for indoor collaborative scenario. According to the results, the technology 

that obtained the highest score is mobile technology. However, as we could see in the Analysis section, mobile 

technology does not present the best scores for every single requirement. This means that even if mobile technology 

got the highest score, it can be improved by looking at those requirements were the mobile technology got lower 

scores and try to add, combine or simulate those features that are offered by the other two technologies and that 

made them to score more than mobile technology. Therefore, in order to create a consistent mobile application the 

indications giving by the researcher are the following ones: 

- The researcher must take advantage of the features that mobile technology provides, these ones that 

were better rated during the user study execution. 

- The researcher must also learn from what the other technologies perform better and try to simulate 

them with mobile technology if possible.   

As mentioned in the previous section, a better planned User Study must be done. The whole User Study 

will take at least three sessions of 1 hour and a half each one. The participants must be notified in advance about 

what is expected from them and also a better explanation of what can be done by each technology is needed.  

 

Research Limitations 

In general terms, I am quite satisfied with the methodology followed within this user study. However, the 

following things must be modified for the next study: 

- Presentation of the technologies, mockups and its functionality must be more explained in more 

details. One of the experts suggested preparing videos with brief demonstration of what we can do with 

each mockup.  It was a lesson learned for myself because even if I introduced to the experts the 

technology, mockups and its functionalities they did not realize what they can do or not with them. 

- To plan with more time in advance and send information about the user study. The purpose is to let the 

experts know what is expected from them and to give them the information needed in order to prepare 

them for the study. In this case, this information is mainly the heuristics they were supposed to 

evaluate, the requirements of each scenario, the features of each technology and a brief description of 

each activity. This information must be explained in the most simplistic way. 

- The questionnaires and tables must be modified to facilitate the access to information. In this user 

study I have used matrixes for mapping the requirements with the features. It became too difficult for 

the experts to understand and to answer it, so other ways must be found to gather this data. Also, while 

the experts were filling the table for the heuristic evaluations they were filling they outdoor values 

watching the previous answered  indoor values, and the same happened when they were filling the 

indoor + outdoor values. They commented that while they were rating outdoor and indoor + outdoor 

heuristics their answers were influences by the previous values. Therefore, it must be fixed as well. 

The main limitation within this work is the lack of time. I planned the User Study with only one session of 

one and a half hour and it was not enough time for executing the three different scenarios with the three different 

technologies. Thus, the whole User Study could not be done, the outdoor and indoor + outdoor scenarios were not 

completed and the mapping tables are missing.   

The User Study has been done only with 4 experts; even if the data collected is meaningful I cannot 

generalize and say that this data collected is accurate. Therefore, a bigger User Study with more experts is needed 

with a better planning. One of the most repeated comment by the experts who participated in the study is that they 

got too much information and that I should have find a better way to explain how each technology works and what I 

am looking for.  

The experts were supposed to discuss the results and provide some feedback, however, it has not happened 

yet. Therefore I am assuming they agree on the results and they do not need to provide any extra indications. This 

decision has been taken because of the lack of time. 

 

 



14 
 

References 

[1] Keller, D. Miletto, E. M., Pimenta, M. S., Bouchet, F., Sansonnet, J.P. (2011). Principles for Music Creation by 

Novices in Networked Music Environments.  

[2] Pimenta, M., Miletto, E., Flores, L., Hoppe, L. (2010). Cooperative mechanisms for networked music. 

[3] Ahmad, M.S., Pinkwart, N. (2012). Supporting Field and In-class Collaborative Learning: Towards A 

Generalized Framework. 

[4] Baker, K., Greenberg, S., Gutwin, C. (2001).Heuristic Evaluation of Groupware  Based on the Mechanics of 

Collaboration. 

[5] Nielsen, J, Molich, R. (1990). Heuristic  Evaluation  of  User  Interfaces. 

[6] Scaife, M., Rogers, Y., Aldrich, F., Davies, M. (1997). Designing For or Designing With? Informant Design For 

Interactive Learning Environments. 

[7] The Discursive Practice of Participation in an Elementary Classroom Community by Kovalainen, M. and 

Kumpulainen, K (2005). 

[8] Multi-touch tables and collaborative learning by Higgins, S., Mercier, E., Burd, L. and Joyce-Gibbons, A (2012). 

[9] Developing a mobile learning system to community-based learning for rural elementary school students;Wan-Jen 

Chang; Zong-Mu Yeh; Kin-Jung Cheng. 

[10] Tools for Students Doing Mobile Fieldwork by Rost, M. and Holmquist, L. E. (2008). 

[11] Myartspace: Design and evaluation of support for learning with multimedia phones between classrooms and 

museums by Vavoula, G., Sharples, M., Rudman, P., Meek, J., Lonsdale, P. (2009) 

[12] A Multimedia Mobile Learning System to Support Auxiliary Collaborative Learning by Koong, C., Wu, C., 

Huang, C. 

[13] An Educational Networking Infrastructure Supporting Ubiquitous Learning for School Students  by Verdejo, 

M. F., Celorrio, C., Lorenzo E., Sastre, T. 2006 

[14] Integrate Handheld Device and RFID to Support Context Awareness Environment for Outdoor Inquiry 

Learning Activity by Lai, A., Chien-Hsun, W., Kuan-Chih, C., Lai, H. 

[15] Exploring How Pervasive Computing Can Support Situated Learning by Kurti, A., Spikol, D., Milrad, M., 

Svensson, M. & Pettersson, O. 

[16] Outdoor Activities for the Learning of Mathematics: Designing with Mobile Technologies for Transitions 

across Learning Contexts by Sollervall, H., Otero, N., Milrad, M., Johansson, D., Vogel, B. 

[17] A Design Framework For Smart City Learning Scenarios by MALEK, J., LAROUSSI, M., BEN GHEZALA, 

H. 

[18] Design of Inquiry Learning Activity Using Wireless and Mobile Technologies by Chi Yang, J., Hung Chen, C. 

[19] Mobile Learning by the Example of the Carnuntum Scenario by Lohr, M. 2009 

[20] Understanding Mobile Handheld Device Use and Adoption by Teeksarker, S. and Wells, J. 

[21] Students’ thoughts about the importance and costs of their mobile devices’ features and services. 

Economides, A. A., Grousopoulou, A. 

[22] Mobile and PDA technologies and their future use in education. Anderson, P., Blackwood, A. 

[23] Educational Resources for Mobile Wireless Devices: A Case Study. Reis, R., Escudeiro, P., Escudeiro, N. 

[24] Smart Phone: An Embedded System for Universal Interactions. Iftode, L., Borcea, C., Ravi, N., Kang, P. and 

Zhou, P. 

[25] Insights on Interactive Tabletops: A Survey of Researchers and Developers. Benko, H., Morris, M.R., 

Bernheim Brush, A.J., Wilson, A. D. 

[26] User Manual for Samsung SUR40 for Microsoft® Surface® 

[27]User Manual for Ideum: Platform touch table. 

[28] CODES [Online] http://gia.inf.ufrgs.br/lcmCODES/ 

[29] Burk, P. (2011). WebDrum. Retrieved March 2, 2011, from http://www.transjam.com/webdrum/webdrum.html 



15 
 

[30] Benini, M., Ficheman, I.K., Zuffo, M.K., Deus Lopes, R. de, & Batista, L. (2004). Editor Musical: A case of 

interface usability for children. In Proceedings of the IADIS International Conference on Cognition and Exploratory 

Learning in Digital Age (CELDA 2004), Lisbon, Portugal, pp. 319–326. 

[31] Duckworth, W. (2000). Making music on the Web. Leonardo Music Journal, 9, 13–18. 

[32] Gurevich, M. (2006). Jamspace: Designing a collaborative networked music space for novices. In New 

Interfaces for Musical Expression (NIME 2006), Paris, France, pp. 118–123. 

[33] Arts Council England. http://www.artscouncil.org.uk/ 

[34] Kokotsaki, D., Hallm, S. (March 2007). Higher education music students’ perceptions of the benefits of 

participative music making. 

[35] Brown, R. A., Dillon, S. (2007). Music Education with Digital Technology. Chapter 8: Networked 

Improvisational Musical Environments: Learning Through Online Collaborative Music Making. 
 

[36] Matthew Lipman. Thinking in Comunitty. In Thinking in Education. Chapter 4 , pages 81 – 89. 2003. 

 

 

 

 



B Planning

B.1 Target Domain Characteristics
In this section, the main assumptions for the system are listed.

• The system comprise software deployed on distributed nodes

• The nodes have an explicit position in the environment and are mobile

• The system has continual communication access

B.2 Hypotheses
The following sentences will help me to frame the hypotheses to be studied
within this work:

H1: ’The system can be used as a positioning system that provides relative
position awareness to mobile devices’.

H2: ’Creating music collaboratively fosters discussion, creativity, improvi-
sation and argumentation among the participants’.

H3: ’Mobile technology can be applied into collaborative music creation
scenarios’.

H4: ’Mobile technology fosters the collaboration and coordination among
the participants’.

H5: ’Mobile technology works as intuitive tool for creating music collabora-
tively’.

B.3 Design
To provide evidence or to refute the previous hypotheses, I run several user
studies in which the usability, usefulness and user interface satisfaction are in
the focus. I propose a research work that is split into two parts; the aim of the
first part is to gather enough data in order to set an starting point by using
different methods such as a literature review and a user study. The purpose of
the second part, which is composed by two user studies, is to evaluate usability,
usefulness and user interface satisfaction of the software solution. To do that, I
utilize participants with HCI and emerging technologies background.

The user studies will be done within a classroom environment and the goal
is to foster collaboration among the participants and to encourage them to be
creative in order to produce a music piece together. According to Newcomb
et. al. [30], a face-to-face settings increases the motivation and excitement of
the participants within a group when it comes to complete collaborative tasks.
Therefore, the distribution of the tables and chairs within the classroom will be
fixed in order to facilitate the face-to-face settings which will result on a more
engagement activity.

The first user study took place the 11th of December, 2013. This study
took approximately 2 hours and in it participated 4 experts in order to evaluate
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several aspects such as importance of the initial sets of requirements and features
of technologies suggested by the literature review. For more details see my
previous study (Appendix A).

The second user study aims at evaluating Prototype v1 regarding usability,
usefulness and user interface, and takes approximately 1,30 hours. Within this
study, I utilize eight participants that are asked to perform several tasks which
are join a group, play a sound, select a sound and pick a initial position, create
a music piece using all the sounds selected by the participants, refine the piece
by changing sounds and positions, and discuss with the rest of the participants
the results of each iteration of refinement. At the beginning of this study, the
researcher takes 15 minutes to explain what is the purpose of the study, what
is the overall idea of this project and to answer questions. Then, they are asked
to use the system in order to perform a set of unstructured tasks which aim
at introducing the prototype to the participants. The estimated time for this
part of the session is approximately 45 minutes, the remaining time (30 min) is
dedicated for data collection using the questionnaires explained in Methodology
(see Section 4).

The third user study aims at evaluating the improvements made in Proto-
type v2 regarding the same aspects as in the previous study; usability, usefulness
and user interface. This study takes approximately 1 hour and, in this case, the
number of participants involved is five. This group of participants is a subgroup
of the group used in the second study. Therefore, deep explanations about the
study and the prototype are not necessary. In this study, the tasks are more
structured than before in which each participant is asked to bring a sound that
they must record during the study. The participants must coordinate and col-
laborate in order to record their sounds, the rest of the tasks are the same as
presented within the previous study; join a group, play a sound, select a sound
and pick a initial position, create a music piece using all the sounds selected by
the participants, refine the piece by changing sounds and positions, and discuss
with the rest of the participants the results of each iteration of refinement. The
estimated time for this part of the session is approximately 30 minutes, the
remaining time (25 min) will be used for data collection using the instruments
explained within the Methodology (see Section 4).

B.4 Propositions
H1: ’The system can be used as a positioning system that provides relative
position awareness to mobile devices’. RP1.X.1 Whenever the users puts a
device on the NFC Tags grid, the relative position is correctly acquired and
shared to the other mobile devices.

H2: ’Creating music collaboratively fosters discussion, argumentation and
negotiation among the participants’. RP2.X.1 In order to create a music piece,
users must individually select a sound and pick a relative position. The sound
must start playing based on its relative position. RP2.X.2 Users must reach a
common refined version of the music piece. For doing that, users must interact in
order to reach an agreement about how the music piece should sound, where each
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sound should start and which sounds are selected. RP2.X.3 Users express their
ideas and support them by moving the phones in order to take new positions
and change chosen sounds. This results on several iterations with the purpose
of refining the music piece and convincing the rest of the users. This also leads
to new ideas proposed by other users repeating the same procedure.

H3: ’Mobile technology can be applied into collaborative music creation sce-
narios’. RP3.X.1 Mobile devices enable users to manage sounds (record sounds,
select sounds and play sounds). RP3.X.2 Mobile devices offer capabilities to
provide mobility and enable its users to move freely without any constraints.
RP3.X.3 Mobile devices offer capabilities to work autonomously for completing
individual tasks and, at the same time, to be able to communicate with other
devices.

H4: ’Mobile technology fosters the collaboration and coordination among
the participants’. RP4.X.1 Mobile devices are able to be modified not neces-
sarily by its owner which leads to situations where users discuss, negotiate and
coordinate with the rest of the users by moving the devices for changing the
starting positions and changing the chosen sounds.

H5:’Mobile technology works as an intuitive tool for creating music collab-
oratively’. RP5.X.1 Mobile devices are able to determine its relative position
with respect to the rest of the devices. RP5.X.2 Users change positions and
sounds easily using mobile devices.

B.5 Procedures and Roles
The procedures defined for this case study include a set of resources materials
and it involves one research member with several roles.

B.5.1 Roles of Research Members

• Researcher A. The first researcher’s role is to do a literature review in
order to find the necessary background to design the study based on the
literature review, to implement the prototype based on the requirements
found in the literature review, design and run user studies, assistance for
user studies, data gatherer and data analyst.

• Researcher B. The second researcher’s role is to review and make sure that
the design and the development of the prototype goes as expected. Addi-
tionally, this researcher is involved within the description of the prototype
section and the planning design.

• Researcher C. The third researcher’s role is to review and make sure that
design and the theoretical methods chosen within this study are suitable
for the particular needs of this study.

• External Researcher. The role of the external researcher is to oppose this
study, in order to check the quality of the final report. This researcher
has no contact with this study but his first contact occurs when the final
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report is done. The role of this researcher is to assure that this work is
readable from a blind reviewer point of view.

B.5.2 Phases of the study

In this section, I present and describe the second part of this study. The first
part, which includes the literature review and the paper prototypes, is already
described in Appendix A. The second part, which includes Prototype v1 and
Prototype v2, is divided into several phases and it is described below.

• Phase 0: Planning Design During this phase, the researcher defined the
planning for the study in course. The planning is reviewed by Researcher
C in order to guarantee the correct design of the study and the correct
application of the research methods.

• Phase 1: Participants Selection for Second Study The participants are se-
lected and contacted by email. After that, they are asked to fill a poll
in order to coordinate and arrange the date and the time for running the
second user study according to everyone’s availability. Then, the partici-
pants receive a second email confirming this date, the location where the
study will take place and a consent form. This form must be filled by
every participant before the study starts and its aim is to ask for personal
data such as name, age, email, gender and background in music creation.
Also, in this form, it is included the specifications and the terms regarding
the usage of the data collected and if they agree with it or not.

• Phase 2: Design and Implementation of Prototype v1 This phase starts
on 3rd of February, 2014, and ends 4th of April, in 2014. This takes
approximately two months to finish Prototype v1. During this period of
time, Researcher A designs and works in the prototype in order to cover
three main aspects: relative position awareness, communication aspects
such as synchronization, coordination and communication among mobile
devices, and also media management such as select and play sounds.

• Phase 3: Testing the Prototype v1 This user study is run on 11th of April,
2014 and it is part of the iterative development approach that I have
followed. At this stage, I involve users with HCI and emerging technologies
background in order to gather the first impressions of the users regarding
the prototype. Once this prototype is tested, the outcomes of this study
are used as an input within the next iteration stage of the development
process.

• Phase 4: Data Analysis Second User Study In this phase, Researcher A
analyzes the data collected after the study and share it with Researcher
B and C. Researchers A, B and C exchange impressions and set a new
set of requirements and improvements based on the collected data. After
this, the prototype must evolve to a second version that contains the
improvements and features that raised up in the previous study.
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• Phase 5: Implementation of Prototype v2 This phase starts on 22nd of
April and ends approximately 9th of May, 2014. This takes approximately
2 and a half weeks. During this period, Researcher A implements the im-
provements and a new feature that raised up in the previous phase. The
improvements are focused on two aspects, the user interface and the com-
munication among the devices. The new feature aims to cover a particular
need of the users, which is to create their own sounds from the scratch
which means that the devices must enable users to record sounds.

• Phase 6: Participants Selection for Third Study The group of participants
for this third study is a subgroup of the group of participants utilized
within the second study. In this case, the number of participants is five
and are contacted by email. The procedure worked as in the previous
study, once the participants receive an email, they are asked to fill a poll
for arranging the date and the time of the meeting. The participants
receive a second email confirming this data, the location where the study
takes place and a consent form, which must be filled again before the study
starts.

• Phase 7: Testing Prototype v2 This third user study is run on the 14th of
May, 2014. In this study, as in the previous one, I involve users with HCI
and emerging technologies background in order to improve and validate
the current version of the prototype. The idea of the third user study is
to collect impressions of the users regarding the improvements made on
the current version and the new feature. In particular, I will collect the
necessary data to evaluate if the current version covers the users’ needs, if
the users are satisfied with it, and to collect a valuable feedback that will
be converted into a new set of requirements for the next iteration of the
development process.

• Phase 8: Data Analysis Third User Study In this phase, Researcher A an-
alyzes the data collected after the study and share them with Researcher
B and C. Researchers A, B and C exchange impressions and conclude
whether system propose here and the studies indicate that it is a suit-
able combination of technology for covering the particular needs of the
presented scenario or not.

• Phase 9: Implementation of Prototype v3 This phase starts on 19th of
May and ends 30th of May, 2014. This means that it takes approximately
2 weeks to finish the third version of the prototype. During this period,
Researcher A implements the improvements that raised up in the previous
phase. The improvements will be focused on two aspects, the user interface
and the communication among the devices.

• Phase 10: Reporting In this face, Researcher A produces a report with
the outcomes obtained indicating what the results of this work are. Re-
searcher B is responsible for reviewing aspects regarding planning design
and architecture description. Researcher C is responsible to review and
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Figure 15: Location of the cameras during execution of the user studies.

make sure that the whole report fits the standards of a proper master
thesis.

B.6 Data Collection
Through the user studies, I expect to collect data from the following data sources
(DS):

• DS1. Video Recordings. The user studies take place within a lab room
located in Linnaeus University. In every user study there will be two video
cameras recording the sessions. As it is shown in Figure 15, camera 1 is
aimed to record what is happening on the NFC tagas grid regarding to
the usage of NFC for relative positioning and the usage of mobile devices
for sequencing and mixing sounds. Camera 2 is aimed to record which
are the interactions that occur when participants are using the system.
By using these recordings, the researcher will be able to take observations
and to determine metrics that have been considered for use and refinement
during the design process, and issues that may arise during the sessions.

• DS2. Questionnaires. Questionnaires are a common instrument when it
comes to collect data provided by the users. As explained in Methodology
(see Section 4), the questionnaires use within this study are Perceived
Ease of Use (PEU), Perceived Usefulness (PU) and Questionnaire for User
Interface Satisfaction (QUIS).

B.7 Analysis
In this section, I aim at confirming the initial hypothesis.
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B.7.1 Hypotheses confirmation

’The system can be used as a positioning system that provides relative position
awareness to mobile devices’. Through the video recordings collected by camera
one, I can provide indications with respect to the usage of the positioning system
and its accuracy.

’Creating music collaboratively fosters discussion and argumentation among
the participants’. Through the video recordings collected by camera two, I can
provide indications with respect to the discussion and argumentation that is
started as a consequence of using the prototype.

’Mobile technology can be applied into collaborative music creation scenar-
ios’. Through the questionnaires filled by the participants of the study and the
video recordings, I can provide indications that mobile technology is a suitable
technology for such scenarios.

’Mobile technology fosters the collaboration and coordination among the
participants’. Through the video recordings collected by camera two, I can
provide indications with respect to the collaboration and coordination of the
participants that is started as a consequence of using the prototype.

’Mobile technology works as intuitive tool for creating music collaboratively
’ Through the questionnaires filled by the participants of the study and the
video recordings, I can provide indications that mobile technology is a suitable
technology for such scenarios.

B.8 Study Limitations
In this section, I present the limitations of this study:

• The number of participants used for testing the prototype is small, no
more than 20. The user studies carried out within this research cover just
a part of the target group. Therefore, I cannot generalize and conclude
that the prototype is suitable and works in every case but I can give some
initial indications that need to be proved with bigger a more wide user
studies.

• Since I am not an expert within the music creation field, the music expe-
rience provided by the prototype is limited.

B.8.1 Internal Validity

• Planning In order to reduce bias and make sure the planning is doable,
the planning is designed by Researcher A and reviewed by Researcher B.

• Selection The participants are master students that freely decided to par-
ticipate.

• Data analysis Researcher A analyzes the collected data. Researcher C
reviews the analysis. In case of disagreement Researcher B is included
within this process.
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B.8.2 External validity

• Relevance 1 This research will be examined by an expert within the field.
Therefore, the contribution and relevance of this within the community
revised and certified.

• Relevance 2 A external researcher at master level will oppose this study
which means that potential gaps that might exist within this work will be
covered due to the feedback provided this external researcher.

B.8.3 Reliability

• Data Interpretation The data is interpreted by Researcher A and this
interpretation is reviewed by Researcher C. In case of disagreement, Re-
searcher B is involved within this process. Nevertheless, I will make the
data available for external access and review.

• Data Source The number of user studies carried out within this work as
the size of each user study, is not enough to conclude and guarantee the
success of this work. However, with the collected data I will be able to
give some indications and a route to follow in the near future in order to
extend and complement the work that I am presenting here. Therefore,
the conclusions must be take into consideration this limitation.

B.9 Reporting
The reporting of this study will be within a master thesis format. This study is
based on a previous study that is included within this work ( see Appendix A).

B.10 Schedule
In this section, I provide the schedule followed in the second part of this research
work which started by the end of January 2014 and ended by July 2014. Within
the presented schedule it has been included the main phases of the study; plan-
ning design, designing and developing prototype, user studies and data analysis.
The rest of the phases such as reporting are not included due to potential and
iterative changes.
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January 2014 

Mon Tue Wed Thu Fri 

      23rd P0: Planning 24th P0: Planning 

27th P0: Planning 28th P0: Planning 29th P0: Planning 30th P0: Planning 31st P0: Planning 

 
 

   
February 2014 

Mon Tue Wed Thu Fri 

3rd P1: 
Participants 
selection for 
second study 

4th P2:  Desing and 
implementation of 

Prototype v1 

5th P2:  Desing and 
implementation of 

Prototype v1 

6th P2:  Desing and 
implementation of 

Prototype v1 

7th P2:  Desing and 
implementation of 

Prototype v1 

10th P2:  Desing 
and 

implementation of 
Prototype v1 

11th P2:  Desing and 
implementation of 

Prototype v1 

12th P2:  Desing 
and 

implementation of 
Prototype v1 

13th P2:  Desing and 
implementation of 

Prototype v1 

14th P2:  Desing and 
implementation of 

Prototype v1 

17th P2:  Desing 
and 

implementation of 
Prototype v1 

18th P2:  Desing and 
implementation of 

Prototype v1 

19th P2:  Desing 
and 

implementation of 
Prototype v1 

20th P2:  Desing and 
implementation of 

Prototype v1 

21st P2:  Desing and 
implementation of 

Prototype v1 

24th P2:  Desing 
and 

implementation of 
Prototype v1 

25th P2:  Desing and 
implementation of 

Prototype v1 

26th P2:  Desing 
and 

implementation of 
Prototype v1 

27th P2:  Desing and 
implementation of 

Prototype v1 

28th P2:  Desing and 
implementation of 

Prototype v1 

     
March 2014 

Mon Tue Wed Thu Fri 

3rd P2:  Desing and 
implementation of 

Prototype v1 

4th P2:  Desing and 
implementation of 

Prototype v1 

5th P2:  Desing and 
implementation of 

Prototype v1 

6th P2:  Desing and 
implementation of 

Prototype v1 

7th P2:  Desing and 
implementation of 

Prototype v1 

10th P2:  Desing 
and 

implementation of 
Prototype v1 

11th P2:  Desing and 
implementation of 

Prototype v1 

12th P2:  Desing 
and 

implementation of 
Prototype v1 

13th P2:  Desing and 
implementation of 

Prototype v1 

14th P2:  Desing and 
implementation of 

Prototype v1 

17th P2:  Desing 
and 

implementation of 
Prototype v1 

18th P2:  Desing and 
implementation of 

Prototype v1 

19th P2:  Desing 
and 

implementation of 
Prototype v1 

20th P2:  Desing and 
implementation of 

Prototype v1 

21st P2:  Desing and 
implementation of 

Prototype v1 

24th P2:  Desing 
and 

implementation of 
Prototype v1 

25th P2:  Desing and 
implementation of 

Prototype v1 

26th P2:  Desing 
and 

implementation of 
Prototype v1 

27th P2:  Desing and 
implementation of 

Prototype v1 

28th P2:  Desing and 
implementation of 

Prototype v1 

31st P2:  Desing 
and 

implementation of 
Prototype v1 

    

     April 2014 

Mon Tue Wed Thu Fri 

  
1st P2:  Desing and 
implementation of 

Prototype v1 

2nd P2:  Desing 
and 

implementation of 
Prototype v1 

3rd P2:  Desing and 
implementation of 

Prototype v1 

4th P2:  Desing and 
implementation of 

Prototype v1 

7th P2:  Desing and 
implementation of 

Prototype v1 

8th P2:  Desing and 
implementation of 

Prototype v1 

9th P2:  Desing and 
implementation of 

Prototype v1 
  

11th P3: Testing 
Prototype v1. 



14th P4: Data 
Analysis second 

user study 

15th P4: Data 
Analysis second user 

study 

16th P4: Data 
Analysis second 

user study 

17th P4: Data Analysis 
second user study 

18th P4: Data 
Analysis second user 

study 

21st P5: Design 
and 

Implementation 
Prototype v2 

22nd P5: Design and 
Implementation 

Prototype v2 

23rd P5: Design 
and 

Implementation 
Prototype v2 

24th P5: Design and 
Implementation 

Prototype v2 

25th P5: Design and 
Implementation 

Prototype v2 

28th P5: Design 
and 

Implementation 
Prototype v2 

29th P5: Design and 
Implementation 

Prototype v2 

30th P5: Design 
and 

Implementation 
Prototype v2 

  

     
may-14 

Mon Tue Wed Thu Fri 

  
  

1st P5: Design and 
Implementation 

Prototype v2 

2nd P5: Design and 
Implementation 

Prototype v2 

5th P5: Design and 
Implementation 

Prototype v2 

6th P5: Design and 
Implementation 

Prototype v2 

7th P5: Design and 
Implementation 

Prototype v2 

8th P5: Design and 
Implementation 

Prototype v2 

9th P5: Design and 
Implementation 

Prototype v2 

12th P6: 
Participants 

selection for third 
study 

13th P6: Participants 
selection for third 

study 

14th P7: Testing 
Prototype v2 

15th P8: Data Anaylisis 
third study 

16th P8: Data 
Anaylisis third study 

19th P9: 
Implementation of 

Prototype v3 

20th P9: 
Implementation of 

Prototype v3 

21st P9: 
Implementation of 

Prototype v3 

22nd P9: 
Implementation of 

Prototype v3 

23rd P9: 
Implementation of 

Prototype v3 

26th P9: 
Implementation of 

Prototype v3 

27th P9: 
Implementation of 

Prototype v3 

28th P9: 
Implementation of 

Prototype v3 

29th P9: 
Implementation of 

Prototype v3 

30th P9: 
Implementation of 

Prototype v3 

     
June 2014 

Mon Tue Wed Thu Fri 

2nd P10: Reporting 3rd P10: Reporting 4th P10: Reporting 5th P10: Reporting 6th P10: Reporting 

9th P10: Reporting 10th P10: Reporting 
11th P10: 
Reporting 

12th P10: Reporting 13th P10: Reporting 

16th P10: 
Reporting 

17th P10: Reporting 
18th P10: 
Reporting 

19th P10: Reporting 20th P10: Reporting 

23rd P10: 
Reporting 

24th P10: Reporting 
25th P10: 
Reporting 

26th P10: Reporting 27th P10: Reporting 

30th P10: 
Reporting 

        

     July 2014 

Mon Tue Wed Thu Fri 

  1st P10: Reporting 2nd P10: Reporting 3rd P10: Reporting 4th P10: Reporting 

7th P10: Reporting 8th P10: Reporting 9th P10: Reporting 10th P10: Reporting 11th P10: Reporting 

14th P10: 
Reporting 

15th P10: Reporting 
16th P10: 
Reporting 

17th P10: Reporting 18th P10: Reporting 

21st P10: 
Reporting 

22nd P10: Reporting 
23rd P10: 
Reporting 

24th P10: Reporting 25th P10: Reporting 

28th P10: 
Reporting 

29th P10: Reporting 
30th P10: 
Reporting 

31st P10: Reporting   

 



C Questionnaires and Results

C.1 Questionnaires

Questions
I make errors frequently when using this prototype
This prototype often behaves in unexpected ways
I find it cumbersome to use this prototype
This prototype provides helpful guidance in performing tasks
The prototype addresses my activity related needs
Possible Answers
Extremely unlikely(1), Quite unlikely(2), Slightly unlike(3), Neither(4), Slightly
likely(5), Quite likely(6), Extremely likely(7)

Table 8: Questions and possible answers on PEU questionnaire.

Questions
The collaborative music creation activity would be more difficult to perform with-
out this prototype
Using this prototype gives me a greater control over the on-going activity
Using this prototype improves my performance in this activity
This prototype enables me to accomplish tasks more quickly
This prototype supports critical aspects of the activity
Using this prototype allows me to collaborate with others in ways that otherwise
would not be possible
Using this prototype reduces the time I spend on unproductive activities
Using this prototype enhances my effectiveness on the activity
Using this prototype improves the quality of the work we are engaged with
Using this prototype increases my productivity
Using this prototype makes the activity easier
Overall, I find this prototype useful in this activity
Possible Answers
Extremely unlikely(1), Quite unlikely(2), Slightly unlike(3), Neither(4), Slightly
likely(5), Quite likely(6), Extremely likely(7)

Table 9: Questions and answers on PU questionnaire.

C.2 Results
In this subsection, I include the main results collected through the question-
naires. For more detailed information regarding participant’s answers and video
recordings please follow the following link: http://goo.gl/f57fdk.
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Question Possible Answers
Overall Reaction to the software
Idea of the project terrible (0) - wonderful(9)
Working with the prototype difficult(0) - easy(9)
Way to produce a sonic product frustrating (0) - satisfying(9)
The creation music process is dull(0) - stimulating (9)
Interacting with the app rigid(0) - flexible(9)
Screen
Reading characters on the screen hard (0) - easy (9)
Highlighting simplifies task not at all(0) - very much (9)
organization of information confusing(0) - very clear(9)
sequence of screens confusing(0) - very clear(9)
Terminology and System Information
Use of terms throughout system inconsistent(0) - consistent(9)
Terminology related to the task never(0) - always(9)
Position of messages on screen inconsistent(0) - consistent(9)
Prompts for input confusing(0) - clear(9)
system informs about its progress never(0) - always(9)
error messages unhelpful(0) - helpful(9)
Learning
Learning to operate the system difficult(0) - easy(9)
Exploring new features by trial and error difficult(0) - easy(9)
Remembering names and use of commands difficult(0) - easy(9)
Performing tasks is straightforward never(0) - always(9)
Help messages on the screen unhelpful(0) - helpful(9)
Supplemental reference materials confusing(0) - clear(9)
System Capabilities
System speed too slow(0) - fast enough(9)
System reliability unreliable(0) - reliable(9)
System tends to be noisy(0) - quiet(9)
Correcting your mistakes difficult(0) - easy(9)
Designed for all levels of users never(0) - always(9)

Table 10: Questions and possible answers for QUIS.
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Requirement Description Importance Average
The data created outdoor must be shared and used indoors. This information
share must be executed fast

5

The system shall support the creation of data from scratch. The data is created
individually and shared it with group members

5

The system shall allow data saving; users need to save information in order to be
able to share it

5

Data gathering is required, groups are asked to collect data and share it with their
group members

4,75

Individual units should be provided to the participants in order to enhance free
movements (1-to-1 interactions)

4,75

The system shall allow to export and import data 4,75
Data transferring is required, the system must enable users to transfer collected
data

4,5

The system UI shall be easy to use 4,5
The system shall allow group members to visualize and modify data shared, even
if they are not the creator of the data

4,25

Face to face settings to support discussion, negotiation and argumentation among
the participants

4,25

The system shall support collaboration tools for fostering discussion, argumenta-
tion and negotiation process

3,75

The system shall be portable and wireless; Âălow dimensions, low weight 3,75
The system shall allow users to share and publish data 3,5
A shared unit should be provided to have a point of discussion between the par-
ticipants in a group

3,25

The system shall support the creation of groups with maximum 10 members, taking
into consideration that 1 learner can only be in one group.

2,75

Table 11: Requirements sorted by average importance rate given by the experts.
Results from the firs study
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Figure 16: Results from the second study
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Figure 17: Results from the third study
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D Prototype v2 in screenshots
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