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Abstract

Physical objects with digital properties are being used more and more by the
public. One such term for these artefacts include “the Internet of Things”.
Most of these objects are often impossible to further modify or customise,
and thus serve just the single purpose intended by their creators. This thesis
explores the possibility of customising physical objects in order to provide
an affordable and flexible way of interacting with them.

A prototype, involving a mobile phone application (Android) and wire-
less sensor technology (NFC tags), was developed for the medical domain
of speech and language therapy. The system, developed in close association
with two therapists, allows the customisation of current speech and language
exercise and associated material. It is designed to also assist with logging
the patient interactions during the conduction of such exercises. The pro-
posed solution has been tested and validated by medical experts, and its user
interface evaluated by non-patient users.

Keywords: NFC; ICT; ICT 4G; haptic; mobile applications; NFC-based in-
teractions; speech and language therapy; digitally enhanced physical objects.
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1 Introduction

People interact with physical objects every day. Beside affordances (the
possible uses of a physical object), an object can have additional meaning
to a person, e.g. a bottle can be kept as a souvenir to remind a person of a
special occasion. Some object affordances can extend beyond the “physical”
e.g. a digital keycard allows someone to access a door, in a similar but
not quite the same way a key allows someone to open a lock. Nowadays
children are using devices with such technologies without a problem, as they
are exposed to them from very early on.

Being able to identify an object and give it meaning is something children
learn between the ages of 2 and 7 [19]. Most children can develop this skill
without a problem, but some have difficulties connecting a word, a meaning or
an object with each other. Some children will be able to see a car, understand
its meaning, but will not connect the object car with the written word car.
This can not only happen to children, but also to adults e.g. parts of the
brain could be damaged and prevent the associating a word to an object.
This could be a result of head trauma.

Language and speech therapy, among other approaches, can help peo-
ple who are having trouble communicating or associating words with their
meaning. It can help with pronunciation, and with issues like classification1,
seriation2 and inclusion3. Jean Piaget theorises that during the concrete
operational stage (7 to 11 years-old) [19] Speech and Language Therapists
(SLTs) can help to define exercises and therapy plans that help their patients.
SLTs have their patients interact with physical objects while participating in
game like activities. As reported by the SLTs that were consulted for the
current thesis work, learning to use physical objects improves the learning
outcome for patients, and the use of games helps them to feel like they are
not in therapy. Several projects have been conducted using Information and
Communications Technology (ICT). in the domain of speech and language
therapy (see [6, 21, 37] and section 3.1.2), but very few are dealing with
classification, seriation and inclusion.

This thesis focuses on the development of an ICT application within an
expert driven methodology intended to help SLTs by providing them with a
tool to work with their patients. The application focuses on classification,
seriation and inclusion. The requirements were gathered in close consultation

1Ability to group things according to common features.
2Ability to sort objects or situations according to any feature, such as size, colour,

shape, or type.
3Beyond simple classification, ability to assign groups of objects as a sub-set of a larger

class.
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with experts in the field (two SLTs from Paris, France); they were involved
in all steps of the development process, including the testing, validation and
evaluation of the prototype. The prototype (an android application using the
NFC technology on a mobile device) was developed using the Agile Method.
It went through three iterations before being presented to a patient. Be-
tween each iteration, interviews with the SLTs were conducted to refine the
requirements.

One main concern was that the provided solution would not disrupt the
way therapists work normally. The system proposed in the thesis mimic the
currently used therapy exercises conducted by SLTs as close as possible.

The thesis is organised as follows: Section 2 presents the motivation of
the work, and the research question. Section 3 discusses related ICT projects
in the field of language and speech therapy. The methodology and the de-
velopment process are presented in section 4. Section 5 details the technical
development of the android application and the requirements defined by the
SLTs during their interviews. The outcome of the thesis is presented in sec-
tion 6. Section 7 discusses the limitations of the work and concludes the
thesis.
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2 Motivation and Research Question

Communicating with people is a crucial social skill. Being capable of commu-
nicating orally is a skill that is dependent on different skills such as producing
sound, structuring the sentences, or associating a word to an object or idea.
Talking without structure or without being able to associate a word to its
meaning can be incapacitating. Almost everyone has, at some point, expe-
rienced the feeling of not being able to find the right word to say during a
discussion. Some people, such as small children or adults who suffered head
trauma, are constantly having issues connecting words with their meanings.
Speech and language therapists help patients during several sessions, and it
could, in some cases, take years to be able to reach a stage where they can
communicate with others.

SLTs are using a lot of physical objects during their sessions with patients.
These objects are designed either by the therapists themselves or acquired
from specialised companies creating tools for them [17]. The main focus of
this work is to provide a tool for SLTs that assist them during their sessions
with patients. The tool provides SLTs a way of keeping track of the exercises
and the results without having to take notes manually, which can divert their
attention from the patient. This work was conducted with the help of two
therapists, both operating in France. After discussion with the STLs, it was
decided to tackle specific issues – classification, seriation and inclusion. In the
context of speech and language therapy, classification is the act of arranging
elements within classes, e.g. dogs and cats are classified as animals. Seriation
is the action of selecting an element based on a previous one following a set
of rules. It could be a notion of size, shape, colour or any differentiation
between the two elements, e.g. select an animal that is smaller than an
elephant. Inclusion is the process of categorising an element in different
classes, e.g. a dog is an animal and a mammal. These three concepts are
closely related as seriation and inclusion are a part of classification. These
issues are known to disturb patients not only during the orthographic and
grammatical development, but as well in mathematics [4]. Mathematics are
using these concepts all the time, e.g. rational and irrational numbers are
classifications of numbers. These three notions are logical concepts that can
be used in both mathematics and language.

There are few projects in speech and language therapy using ICT tech-
nologies already (for more details see section 3.1.2). However, available so-
lutions seem to stagnate in the era of pen and paper prototyping or the
re-editing of similar game like activities [17]. Some therapists, who have
programming knowledge, offer some web-base tools and some iPad applica-
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tions for their colleagues. These applications seems to be based on their own
experience in the field4.

Mobile devices are used by more than 4,5 billion people across the globe
[15] and it is predicted that by 2018, over half of mobile phone users will
have smartphones [14]. Furthermore, the number of tablet users worldwide
will surpass 1 billion in 2015 [16]. Based on this increased availability of
mobile devices, it is safe to assume that most therapists will have access
to smartphones or tablets in the near future. Using mobile devices is also
a good way to appeal to children. Other advantages of using such devices
are the additional number of interactions possible with physical objects. It
is possible to combine physical and virtual objects in order to create new
way of interaction with mobile devices. Some of these interactions are made
possible by using sensors to scan optical machine-readable codes5 or wireless
technology tags6.

In speech and language therapy, there are been few projects attempting to
integrate ICT with therapy exercises, this will be explained further in section
3. The issues of classification, seriation and inclusion have been explored by
even fewer projects and the one that do exist require the therapist to totally
change their method of work. The challenge is to provide a smooth transition
between using paper prototype to an ICT product. To do so, the therapy
exercises must offer a similar benefit to the patient. Also, the interaction
with the technology must be almost imperceptible and as natural as possible.
Taking all the above into consideration, the research question is as follows:

RQ: How can speech and language therapy benefit from the use of mobile
devices interacting with digitally enhanced physical objects that have
NFC tags, specifically regarding the issues of classification, seriation
and inclusion?

This thesis will explore speech and language therapy as a practical applica-
tion for implementing a system that allows the user to customise (identify
and assign digital properties to) physical objects in the context of SLTs and
classification, seriation and inclusion.

4For example, http://www.ortho-n-co.fr and http://caa.ortho-n-co.fr/.
5Barcodes, QR-codes, etc.
6Radio-frequency identification (RFID), Near field communication (NFC), etc.

4

http://www.ortho-n-co.fr
http://caa.ortho-n-co.fr/


3 Problem Domains and Related Work

This section discusses related work in the field of speech and language ther-
apy, as well as technological approaches to digitally enhance physical objects.

3.1 Speech and Language Therapy

Speech and language therapy is a medical field where therapists are working
toward helping people with, among other things, communication disorders
[2]. Communication disorders include the logic behind language (such as
classification, seriation and inclusion).

The following subsections present different methods used by SLTs to help
their patients with these disorders. First, some of the available non-ICT
tools that are used by SLTs are discussed (see section 3.1.1). Then, different
projects using ICT to help speech and language therapy are discussed (see
section 3.1.2), regarding diagnosis, treatment and support.

3.1.1 Non-ICT Tools Available

Most of the exercises to treat patients in classification, seriation and inclusion
are either created by SLTs themselves, or provided by companies specialised
in speech and language therapy. Those three types of exercises were described
by Piaget [35] and refined since then by other researchers [7] and [13]. Most
of these exercises are designed by hand and require a lot of materials that the
SLTs have to store and deploy when needed. Some companies are offering
(tabletop) games to help the therapists, like Hop Toys7, Nathan8 or Mot à
Mot9 [17]. Those games can be useful for some cases and are rather generic,
but will not give all the tools needed by the practitioner [17].

Some SLTs are creating games and share them, such as Charlotte Feugnet
in her thesis [17]. She has created a game for children to develop the math-
ematics logic. The logic behind mathematic and language can be really
similar. The construction of ideas in language requires sometimes concepts
from mathematics. Classification, seriation and inclusion are mathematical
concepts used extensively in languages as they allow people to make sense
of groups of objects. Being able to classify objects is key in communication
and mathematics helps us to make sense of some concepts.

7http://www.hoptoys.fr/
8http://materiel-educatif.nathan.fr/dme/jeux-educatifs-materiel-d-apprentissage/

s-approprier-le-langage/
9http://www.mot-a-mot.com/
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In her work, Charlotte Feugnet describes how, for children, physical ob-
jects can be important in order to compare them by manipulating them [17].
This work shows how few developments were made in this area of research,
and that there is a need for new developments to rely not only on the com-
panies to support this type of exercises, but also to consider new and novel
ways of dealing with these issues.

3.1.2 ICT in Speech and Language Therapy

ICT started to be used in speech and language therapy in the last ten years
to help with different disorders. According to the two therapists interviewed
in this study, SLTs were initially reluctant to use ICT and distrusted the
new technologies. But they are now more inclined to use some, such as the
PATSy e-learning system [10] that was created in early 2000. This particular
web-based system can be applied to speech and language therapy, as well
as other domains such as Neuropsychology and Medical Rehabilitation. As
several disorders are considered by SLTs, a lot of different tools were created
in order to diagnose and treat patients.

Diagnostic Tools Telelogos [20] is a web-based tool that “allows SLTs
to find the optimum treatment for each patient” [20]. It provides a set of
tests with which SLTs and patients can work with, and determine the best
approach to treat the disease. It provides also some tools to help SLTs to
work with patients having speech disorders, writing difficulties and can as
well allow two patients to work together.

The aim of Van Nuffelen et al. [44] was to “investigate the reliability of
objective phoneme intelligibility scores obtained by three types of intelligibil-
ity models” [44]. They recorded 10550 consonant-vowel-consonants from 51
control speakers and 160 speakers with different type of diseases (dysarthria,
cleft, pathological speech secondary to hearing impairment, laryngectomy,
dysphonia, glossectomy). These models allowed them to determine the sever-
ity of the dysarthria from mild to severe by comparing the samples to the
actual speaker. This study validated their results and allowed their tools to
be used in clinics.

APLo [42] is focusing on children aged from 4 to 7 years old and assesses
their oral language ability. This tool is web-based and available for the
Greek language. It is a “hybrid approach that integrates symbolic rules with
neural networks that is being used to model and represent the knowledge in
the system” [42]. APLo evaluates the answers provided by the patients and
returns a list of issues to the therapist who can use them to determine a
course of action to help their patients.
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Treatment and Support Tools Researchers have been developing tools
to also tackle specific issues such as Autism-Spectrum Disorders in [11] with
TROCAS, and hearing impairment in [3]. These tools are using ICT in order
to treat these diseases with the help of speech and language therapists. The
tools offer a new way of treating the disease, but seem to hinder the action
of the therapists or tend to replace them.

Moffat et al. [31] developed the ESI Planner that uses sound and images
on a PDA10 in order to help people with aphasia manage their appointments
independently. It was well received by patients suffering from moderate im-
pairment but suggested that a high level of customisation would be required
in the final design. Boyd-Graber et al. [6] are using a hybrid approach by
combining PC and mobile devices. The therapist can transfer from the PC
images and sounds to the mobile device that is taken by the patient to help
him or her communicates more autonomously outside home.

The loss of memory is an issue that can also affect the language. Gowans
et al. [21] present project CIRCA, which utilise interactive multimedia such
as audio, video and animation to “stimulate long-term memory to prompt
verbal and non-verbal communication” [21]. Their study showed that people
were reacting positively to the use of new technologies.

Most of the existing research is based on specific diseases, mainly about
language and speech issues. The current thesis focuses on classification,
seriation, and inclusion issues for children or patients with a trauma. Even
with numerous works on these issues mainly based on the work of Piaget in
1964 (translated into English by Inhelder et al. [22]), speech and language
therapy does not have a lot of projects using ICT to help therapists.

Rogriguez et al. developed three tools that aim to help people improving
their communication skills [37]. Pre-Lingua, Vocaliza and Cuéntame are the
tools developed by this team. Pre-Lingua is a collection of short games built
to “assist the work in speech therapy” [37]. Vocaliza allows the therapists
to create user profiles that can be used to configure exercises and allocate
specific resources to a patient. This way of providing several types of media
such as images and sounds depending on the patient was something consid-
ered for the future evolution of this thesis. Finally, the Cuéntame tool is
tackling the classification issue. The exercise is based on colours and shapes
that the patient has to classify. This exercise can be entirely customised
by the therapist to create adapted exercises for a patient. This tool was
developed for computers and targeted specifically children.

The classification, seriation and inclusion exercises are not really explored
by the researchers using ICT according to the background research and the

10Personal Digital Assistant.
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therapists interviewed. Piaget’s work [22] on classification, seriation and
inclusion gave the basis to the therapists in the middle of the 60s and nothing
truly changed since then. According to the two SLTs interviewed during this
study, this lack of research could be because therapists create their own
material for this kind of exercise and do not see a need of change. They both
admitted that not a lot of academic work is currently being done in their field
or that this work does not reach them and thus, is not used by the therapists.
This work will be then based on their professional opinion rather than an
extensive background study. Scaife et al. called this informant design [40].
The framework itself could not be followed completely as access to patients
was limited. This work was supported by the therapists, the participants
of the usability study and a single patient working with a therapist and the
application.

3.2 Augmenting Physical Objects with Digital Properties

Physical objects that give digital responses when interacted with, are nowa-
days everywhere. A keyboard, a remote control or mobile phones are part of
this category of objects that trigger digital responses when physically manip-
ulated. Each of these objects has a specific purpose and needs to be obtained
for this purpose. One goal of this thesis is to offer SLTs a solution that does
not require them to invest in new equipment, but to make use what they
already own.

In 2001, Thomas Pederson created Magic Touch [34], a RFID-based phys-
ical objects detection. This system allows the user to tag a physical object
with a RFID sticker in a room and register its position in the computer. The
list of objects is then organised in the computer, describing the area where
they were the last time they were scanned.

Enhancing physical objects to give them digital properties was described
by Bruce Sterling as SPIMES [41]. “SPIMES are sustainable, enhanceable,
uniquely identifiable, and made of substances that can and will be folded back
into the production stream of future SPIMES” [41]. What Sterling described
as a SPIME is essentially an object equipped with a RFID tag or equivalent.
He describes the dawn of SPIMES in 2004 when the US military started
to use RFID tag for their inventory management. One of the advantages
of the Internet of Things, according to Sterling, is that people would not
need to inventory their possessions in their head, but the technology will be
here to do that for them. Since then, these customised or enhanced objects
have been called differently, and the main term nowadays would be “smart
objects” [18, 39].

Hiroshi Ishii presents an evolution of the Tangible User Interfaces (TUI) in
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[24]. Ishii’s work within the Tangible Media Group 11 has been exploring the
TUI for more than a decade [23]. The group’s work is, since the beginning,
following the same goal: “give physical form to digital information” [24].
The evolution of TUI in [24] is shown in projects such as the Urban Planning
Workbench [43] (first generation) and the Sandscape [25] (second generation).
What they call second generation TUI seems to evolve toward the usage of
organic materials to interact with computers such as sand and clay [25].
Ishii refers in [24] to the vision of Weiser on ubiquitous computing, which
was defined by Weiser in the 90s: “Ubiquitous computing has as its goal the
non-intrusive availability of computers throughout the physical environment,
virtually, if not effectively, invisible to the user” [49]. Dix [12] describes
ubiquitous computing as tools that allow people to interact with computers
without noticing it. The work of Mark Weiser evolved toward the concept of
calm technology [50]. This concept is different than the vision he had about
technology being invisible, but instead sees technology as a support that
does not require the full attention of the user. Computers use different type
of sensors to collect or capture data such as geolocation, sound recognition
[46, 52], movement [29, 28], magnetic field [51, 33] or radio frequency [8, 38].
Some of these interactions can be ubiquitous such as the geolocation or the
sound recognition, but are not using tangible interactions.

The TUIs are a way to interact with computers using haptic interactions.
In [51], Weiss et al. are using magnets as actuators to interact with a tabletop.
The magnets provide tangible controls over the system while they transmit
feedback digitally on the screen. Magnets allow the device to perceive the
distance of the object from it. Bianchi and Oakley [5] described how they
interact with smartphones using magnetic appcessories. Using magnetic field
to interact with a smartphone has proven conclusive, but with some limita-
tions such as the calibration of the device or the external interferences that
can occur. Magnets with TUIs is an interesting concept that can provide a
lot of ways to interact with a system. It is however not the most suitable com-
bination with devices such as smartphones, especially when the interaction
involves the recognition of a specific object.

Smartphones and tablets are nowadays common objects owned by people
[14, 15, 16]. The way people interact with these mobile devices can be by
simply touch the screen. Other interactions can be using the camera to take
a photo or scan a QR-code, using voice to trigger events, or using the RFID
sensors to scan a tag such as NFC.

The Near Field Communication [48], or NFC, is nowadays present within
a lot of mobile devices such as smartphones and tablets, and its presence

11http://tangible.media.mit.edu/
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will increase. The NFC technology is wireless and allows data exchange
over short distances, around 3 to 4 centimeters. It is based on the Radio-
Frequency Identification technology, or RFID [47]. NFC has been used in a
lot of different projects offering physical objects digital properties, such as
ticketing [1], product recommendation [45], or mobile gaming [9, 18]. The
product recommendation project [45] uses NFC stickers to customise physical
objects such as an olive oil bottle and give the user a fast way of accessing an
application to fill a recommendation form. It is then directly related to the
SPIMES [41]. It does not really give digital properties to the object, but uses
the tagged object to interact in a different way with a service by customising
it.

“NFC technology can be used to replace manual typing, menu selections,
and other user interface actions with acts of touching” [36]. Riekki et al.
offer a good view on user interfaces using the NFC technology. They argue
that NFC has “much larger potential in HCI than has been reported until
now” [36]. NFC will not replace input methods such as keyboard, but it
allows fast interactions with applications such as recognising an object that
has been tagged.

NFC is as well associated a lot with mobile devices. Mobile technology is
currently being explored by a lot of research groups in the field of multime-
dia learning. Sanchez et al. used NFC technology to demonstrate in several
projects the possibilities for enhancing learning activities [39]. With the sys-
tem Touch&Learn Language, Touch&Learn Reading and Touch&Share, the
study encouraged children to learn in a different way using tangible inter-
actions with NFC. They argued in favour of using mobile devices such as
phones for the low-cost and low maintainability they offer.

Nordmark and Milrad created a seamless learning approach supporting
mobile digital storytelling for educational purposes [32]. The mobile device is
used at every step of the process, helping children in creating stories enhanc-
ing their learning capability. They believe that the mobile device is a perfect
platform to learn and support collaborative work. Ivanov is as well using
mobile devices to help children learn with a pervasive learning system using
NFC technology [27]. This training tool helps parents to teach their children
to learn about colours, letters, numbers, shapes or languages. As part of
the learning process, this system is tackling the basis for children before the
classification, seriation and inclusion concept. The principal of customising
physical object with digital properties is the same as the work conducted in
this thesis. Pervasive learning using serious games is explored in [18]. Using
NFC to allow students to interact with physical objects in a serious game
can motivate them. The increase in motivation using the NFC technology
combined with mobile devices is as well something that this thesis is looking
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at on the patient side.
In [26], Ito and Takama introduced a system to classify information using

the NFC technology with mobile devices. The study proposes to organise
physical documents using NFC tags and classifies them to be able to retrieve
them easily later. The motivation behind this work is to use this during
disaster. They intend to use this as a replacement for physical paper docu-
ments. They decided to register an ID generated by the application rather
than using the unique ID offered by the tag. They justify this by noticing
that if several mobile devices are used, the tags need to be recognisable on
every mobile device. They use a SQLite database to store the data, which
allows them to share the data with other devices. In this thesis, the unique
ID of the tag is used since the data will be personal and not shared on other
devices. Thus, the ID of the tag is enough for the prototype. It is arguable
as well that using a SQLite database, the unique ID could be associated to
the ID used for representing the physical object.

TUIs using NFC have a good potential for enhancing learning, and the
field of speech and language therapy is currently not using these technologies
to help their patients.
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4 Methodology and Development Process

The overall study followed an expert-driven methodology by defining require-
ments with close collaboration and involvement with SLTs. All the conducted
interviews were unstructured in order to obtain more information from the
SLTs and allow them to comment on as many aspects of the project and the
prototype as possible. Figure 4.1 illustrates the different phases of the work.

In order to ensure the usefulness of the prototype for the therapists, reg-
ular contact has been kept with the SLTs. A meeting via video-conference
occurred every two weeks to present the advancement of the project. Four
major steps during this project helped to validate the different requirements.
First, a literature review was conducted (see section 4.1), and a concept pro-
totype was developed (see section 4.2). Then the first version of the prototype
was created based upon the requirements defined by the results of the pre-
vious studies and an interview with a SLT. Further development was made
in iterations (see section 4.3). Each iteration of the prototype was followed
by an interview with the SLT to review and validate it (see section 4.5). A
usability study was conducted with non-patient users in order to evaluate
the functionalities present in the final prototype (see section 4.6). In order
to additionally test the final prototype, a trial was conducted with a SLT
and a patient during several sessions to try it in a real situation (see section
4.7).

4.1 Literature Review

A previous literature review conducted by Romain Herault and Kevin Dalli
(included here in Appendix A) informed the interaction design followed in
this thesis. In that study a literature review in the field of Human-Computer
Interaction (HCI) was conducted, reviewing Tangible User Interfaces (TUI),
haptic design, context aware computing, and ubiquitous computing, as well
a technology review to identify12 which technologies were currently used to
interact with physical objects having digital properties.

This literature review contributed to the definition of the requirements
for the concept prototype, which helped create the first requirements for the
prototype. The technical review contributed in narrowing down to two tech-
nologies for the concept prototype, the bar code and the RFID technology.

12Several technologies like barcodes, RFID, NFC, IrDA, Bluetooth, Mobile devices and
wearable technologies were identified.
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Figure 4.1: Overview of the methodology.
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4.2 Concept prototype

After the literature review, a concept prototype was developed that allowed
users to customise physical objects and have them interact with a mobile
device.

A user study (available here as Appendix B) was conducted with 20 users
(but in a different13 context than the focus of this thesis) in order to determine
which wireless technology would be more suitable, as well as defining some
initial requirements. The objects were equipped with both a QR-code and a
NFC tag, and the participants were using a mobile device (Galaxy S3-mini)
to interact with them. The study concluded that the NFC technology is
the most suitable for the kind of physical interactions the final prototype
requires. This helped defining part of the requirements (see section 5), which
were complemented by interviews with the SLTs.

4.3 Application Development Methodology

The application was developed following the Agile development approach.
This method provides principles in the development process of software [30].
From the twelve principles described in [30], this project follows mainly four
of them:

1. the satisfaction of the user is the main priority,

2. changes in the requirements during the development process is allowed
and is a good thing,

3. deliver working software regularly to the end user, and

4. the end user and the developer must work together and have face-to-
face regular meeting.

Following these principles, the speech and language therapist that was in-
volved directly at the beginning of the project remained involved until the
end. The first two main steps were conducted with only one therapist. The
design of the application is then following the guideline of only one SLT,
which is her personal view on the field of speech and language therapy. Ev-
ery two weeks, a meeting with the SLT was planned and the progress of
the project shown. Three main interviews were planned when requirements
were met in order to validate them and, in some cases, modify them. Figure
4.2 shows the approach used for the project. The requirements were defined
based on the concept prototype and the first interview with the therapist,

13Solving simple math problems using physical cards representing numbers and mathe-
matical operators.
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Figure 4.2: Agile Development Approach.

then the first version of the prototype was implemented. After a testing pe-
riod, it was presented to the expert who helped redefine the requirements.
This was repeated three times, leading to three versions of the prototype. All
the requirements were defined with the therapists based on this model. The
final prototype was evaluated with (non-patient) users as well as the SLT in
order to test the general usability of the prototype.

4.4 Use Case Scenario Description

The tool developed during this project was directed to help SLTs in their daily
consultations with patients. During the initial interview with the therapist
in a hospital in Paris, a scenario was created in order to guide the develop-
ment of the prototype. Classification, seriation and inclusion exercises were
selected as a proof-of-concept. Other possible exercises (as well as exercises
not possible with the current prototype functionalities14) are mentioned in
Table 1. This list was completed15 during the final interview conducted with
both SLTs. The classification, seriation and inclusion exercises are charac-
terised by the association of an element being part of one or several sets.
Reciprocally, this type of exercise can be as well achieved by finding the sets
an element is part of.

14The vocal exercises require sound functionalities, which are not currently included.
15Note that the list is not exhaustive.
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Possible Not possible
meta phonology dysarthria
mathematics logic vocal pathology

lexical organization & evocation dysphonia
grammar

lexical orthography
memory work

text comprehension

Table 1: Type of possible (or not) exercises to address speech and language
therapy disorders by the current prototype.

4.4.1 Method used by Speech and Language Therapists

At the moment, SLTs are using figures, drawings, images and text on paper
to interact with their patients. The material can be already prepared when
the patient arrives, or can be created with them during the session. After
evaluating the capability of the patient, the therapist asks them to perform
a classification, seriation and inclusion exercise. The therapist starts by
showing a class of objects (e.g. “animal”) and the patient is invited to select
an element in front of him or her that is, in his or her opinion, part of this
class (e.g. “cat”). Every time the patient selects an element, the therapist
will take notes and give feedback to the patient, inviting them to correct the
answer if needed. Depending on the patient, the therapist will take notes
about:

• the answers provided by the patient

• if the answer was right or wrong

• some comments about the exercise or about a particular answer

At the end of the session, the therapist is analysing the results of each
exercise in order compare to previous sessions and see if any improvement can
be seen. This process is time-consuming, and the notes can be imprecise or
incomplete; on a busy day, it might be very difficult to take notes accurately
and make an accurate progression analysis. The prototype developed in this
thesis is aiming at helping STLs in this endeavor.

4.4.2 Method Proposed by the Prototype

The method proposed by this study allows the therapist to prepare the session
material as before – the only additionally required step is to add a NFC sticker
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on an object in order to give it additional digital properties. The therapist
can still create his or her own material and use the existing ones as part of
the requirements set gathered from the SLTs (see section 5).

The augmented objects can be placed on a mobile device, which will then
record them as part of the exercise and create a log of this activity. In this
log, the therapist will be able to see everything the patient did, the right
and wrong answers as well as the time between answers. At the end of each
exercise, the therapist will be able to add a general comment on the activity
if needed.

The added benefit by using the prototype is the automatic way of keeping
notes on the activity. This functionality has been suggested by the therapist
during the presentation of the first prototype. Instead of concentrating on
taking notes, the therapist can have more time to focus on the patient. The
application can also generate a progression graph (visualisation) for a specific
patient and type of exercise (only one type of exercise is available in the
current version).

4.5 Interviews with the Speech and Language Therapists

In order to further develop the prototype, a series of unstructured interviews
with SLTs were conducted. Table 2 summarises where and when interviews
took place, and well as their purpose.

The first interview with the SLT was via Skype on the 2nd of July 2014.
The goals of this interview was to present the concept prototype and the find-
ings of the previous user study, as well as to identify the needs of an SLT and
if the use of the proposed system would appeal to them. Two technologies,
barcode and NFC, were presented along with the concept prototype. After
the presentation of the concept prototype, the therapist inquired about any
knowledge of similar project using ICT to help SLTs.

This initial interview led to another meeting in France with the same SLT,
two weeks later. The online presentation of the concept prototype was not
the most effective way of seeing the potential of the tool, and this meeting
was planned in order to have the SLT interact directly with it. The therapist
was asked to perform the same tasks as the participants in the previous user
study (see Appendix B). Afterward, the results of the previous study were
presented to her in order to demonstrate the different possibilities seen by
the participants who recommended another usage for the concept prototype.
The therapist was asked to propose some possibilities in her field for this
prototype, if any. Based on these interviews, a list of initial requirements
was created (see section 5.1.1).

Two following interviews (July to August 2014) were conducted to make
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Date Location Purpose
02/07/14 Online Initial interview and presentation of the con-

cept prototype
18/07/14 Tours, France Demonstration of the concept prototype and

discussion about the needs of an SLT from the
ICT perspective

31/07/14 Online Follow up on the progress of the project13/08/14
28/08/14 Online Presentation of the first prototype and valida-

tion/redefinition of the requirements
13/09/14

Online Follow up on the progress of the project30/09/14
16/10/14
29/10/14 Online Presentation of the second prototype and val-

idation/redefinition of the requirements
14/11/14 Online Follow up on the progress of the project28/11/14
15/12/14 Online Follow up on the progress of the project and

preparation of the upcoming meeting in Paris
27/12/14 Tours, France Informal interview with the SLT to prepare the

upcoming meeting in Paris
08/01/15 Paris, France Presentation of the third version of the proto-

type to two SLTs and validation/redefinition
of the requirements

Table 2: List of the interviews with the speech and language therapists.
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sure that the ongoing development of the prototype was progressing to the
right direction.

Once the first prototype was developed, an interview was planned on
the 28th of August 2014. The functionalities available in this version of the
prototype can be seen in section 5.1.2. During the interview, the therapist
was asked to

• validate the previous requirements,

• give feedback on the user interface,

• give feedback on the usability of the object management as well as the
exercise part, and

• modify the previous requirements and/or add new ones.

At this point of the project, only NFC cards were available to demonstrate
the interaction using the RFID technology.

The next three interviews (September to October 2014) were similarly
conducted to make sure that the ongoing development of the prototype was
progressing to the right direction.

On the 29th of October 2014, an interview was conducted online with the
therapist to present the second version of the prototype. The same pattern
as the previous presentation of the prototype was followed for this interview.
The functionalities available for the second version of the application can be
found in section 5.2.2, and the redefined requirements are available in section
5.2.1. During this interview, the SLT was asked to

• evaluate the usability of the current version,

• evaluate the interface design and the flow of the application,

• evaluate the interactions with NFC within the application, and

• to validate the previous requirements and to modify and/or add new
ones.

This interview was also the occasion to meet with another SLT and present
her a brief description of the project and ask her to join the next phase of
the development of the application. The discussion with the two therapists
was the occasion to obtain more data about the possibilities brought by the
prototype in the field of speech and language therapy. A list of exercises that
could be used with this application, with some modification, and a list of
activities that could not be performed are shown in Table 1.

The third version of the prototype was based on the new requirements (see
section 5.3.1) defined during the second major interview. The functionalities
of this version can be found in section 5.3.2.
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The three next interviews (November to December 2014) were again used
to verify the advancement of the project.

On the 15th of December 2014, the meeting was as well used to prepare
the upcoming final interview with the two SLT involved in the project. It was
decided to have a first meeting in Tours, France, on the 27th of December
2014 with one of the SLT to test the application and discuss briefly about
the last details of the meeting. The final interview was conducted in Paris,
France, on the 8th of January 2015 with both SLTs.

It is worth noting that the two therapists consulted have different spe-
cialties. One is working in a hospital and the other if self-employed. SLTs
working in a hospital are usually confronted with patients who are suffering
from trauma or diseases, where self-employed are mainly helping children
having difficulties in their speech and language developments. The methods
employed by both therapists are different, and the equipment and budget are
as well different.

The final version of the prototype was presented to them using this time
both NFC cards and NFC stickers. The therapists were asked to perform
exercises using the prototype and the materials at their disposition. Succes-
sively, they acted as a patient in order to simulate a real session. During this
interview, the SLTs were asked to

• evaluate the usability of the final version,

• evaluate the interface design and the flow of the application,

• evaluate the interactions with NFC within the application,

• evaluate the usefulness in real situation of the prototype, and

• validate the final requirements.

At this stage, minor modifications could be still made on the application,
but no new requirements or major changes were asked by them.

4.6 Usability Evaluation with Non-Patients

Once the final prototype was validated by the two SLTs, an evaluation was
conducted. The usability study was made with users without any problem
that requires the intervention of a SLT. Five people were invited to partici-
pate in this study. The sessions were organised as semi-structured interviews
in order to allow the participants to give their opinion freely about the pro-
totype.

Before the participants were introduced to the prototype, the method
used by SLTs was presented to them (see section 4.4.1), as well as a short
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background of the project and its goal. As some of the participants had
knowledge in pedagogy16, they were asked to focus only on the usability of
the prototype and not the classification, seriation and inclusion tasks.

Once the prototype had been briefly introduced, the participants were
asked to perform the tasks of the therapist and the patient. They were guided
by the observer and were asked to speak aloud during the whole session.
Three main parts of the application were tested, requiring the participant
to perform several tasks per part. For more information about the different
functionalities available in the prototype, see section 5.4.

The first part was to register physical objects into the database by sticking
NFC tags on them and scanning them. The first physical object to customise
was the patient identifier. SLTs would use the patient physical folder as it
was mentioned during an interview, but for this user study, it was chosen
to allow the participant to customise their own NFC card. Then, they were
asked to register two sets and four elements. Several sets and elements were
already present in the application. They were also asked to fill the sets the
way they wanted.

The second part was the classification exercise. In this part, the par-
ticipants were asked to be both the therapist and the patient. First, as a
therapist, they were asked to create an exercise by scanning either sets or
elements objects. Once the exercise was created, they would act as a patient,
trying to solve this exercise. Finally, as a therapist again, they were asked to
enter a comment on the exercise and submit it. The participants were asked
to perform at least five exercises with different setups. They were asked, as
a patient, to do mistakes and correct them.

The last part was performed as a therapist. The participants were asked
to review the exercises they did previously and visualise the progression curve
created by the application from the results of these exercises.

The observer kept notes of the comments of the participants during the
session. At the end of each part, the observer asked questions about what
they did in terms of usability. The participants were asked to rate the intu-
itiveness of the NFC interaction as well as the touch screen interaction after
each part. A Likert scale was used in order to rate these aspects. Using the
same method, for each part, the participants were asked to rate the response
time and the ease of use of the prototype. The four questions asked were:

• On a scale from 1 to 5, how would you rate the intuitiveness of the
NFC interaction with the prototype?

16None of the participants had any background in speech and language therapy.
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• On a scale from 1 to 5, how would you rate the intuitiveness of the
touch on screen interaction with the prototype?

• On a scale from 1 to 5, how would you rate the response time of the
prototype?

• On a scale from 1 to 5, how would you rate the ease of use of the
prototype?

Those questions were asked three times, each time after the use of a part
of the application, and then aggregated.

Participants were also asked to compare the actual method used by STLs
that was presented to them at the beginning and what they did with the
prototype. General questions about the flow of the application were asked
and, in some cases, questions about specific issues raised by the participant
during the session were asked. Most questions were based on the behaviour
of the user during the session, but would always be about usability. The
results of the usability test can be found in section 6.2.

4.7 Trial with a Patient

The final evaluation was conducted in Paris with a SLT and a real patient.
An observer could not be present in the room during the session because
of the medical confidentiality. Before the session, the therapist was given
the tablet (a Nexus 10), 100 NFC cards and 24 NFC stickers to prepare
the necessary materials. Several tests were performed with the therapist to
prepare the session and make sure everything worked as intended. The SLT
then performed a number of exercises with this patient using the prototype.
After each session, an interview was conducted to gather data on the use of
the prototype and the feeling of the therapist.

The main goal of this trial was to validate the work done so far and
confirm the usefulness of this tool for SLTs in real situation. The prototype
would be declared useful for the SLTs if it would

• save time for the therapist during a session,

• allow the therapist to focus more on the patient rather than on taking
notes,

• do not diminish the learning process for the patient,

• and finally if using the prototype was not a burden for the therapist.
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5 Prototype Technical Development

The system is implemented for the Android operating system, which is the
most common mobile OS currently used and has the most devices equipped
with NFC technology. The following section describes the application design
evolution of the different versions of the prototype based on the requirements
gathered during the interviews with SLTs.

5.1 Prototype Version 1

Based on the literature review regarding the technology feasibility (see Ap-
pendix A), the conceptual prototype (see Appendix B), and the initial inter-
views with the SLT, a first version of the prototype was developed.

5.1.1 Requirements

• General requirements

– The application should be easy to use for any users, expert or
beginners with mobile devices.

– The interactions should be mainly made with physical objects
equipped with NFC tags.

– The mobile device should not distract the patient.
– The application should not give the answer to the patient so that

the work of the therapist is not disturbed.
– The therapist should not have to obtain specific objects for the

prototype to work, except the NFC tags.
– The physical objects should be customised without being perma-

nently altered.
– The collected activity data should not be stored online, but be

private.

• Patient management

– It should be possible to register in the database a patient with its
name.

– It should be possible to modify the name of the patient.
– It should be possible to modify the tag of a patient without delet-

ing the data associated to it.

• Object management
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– It should be possible to register a physical object as a set (of
objects).

– It should be possible to register a physical object as part of a
previously created set of objects.

– It should be possible to register a physical object in different sets.
– It should be possible to access the content of a set by selecting it.

• Exercises

– It should be possible to select a group of sets as setup for a clas-
sification exercise.

– It should be possible to select a group of elements as setup for a
classification exercise.

– It should be possible for the patient to select a physical object and
interact with the mobile device with just the NFC functionality.

5.1.2 Functionalities

Following the first set of requirements, a prototype was developed. It was
decided with the therapist not to focus on the GUI17, but on the functional-
ities.

In this first version of the application, three main sections were created.
For the “Patient Management” and the “Object Management” sections, a
layout based on a ListView was developed. Each patient and object are
listed and have options such as press and long press that give the option
to the therapist to access or modify data about a specific patient or object.
The data are saved in a SQLite database on the device itself. No online
internet connection is required this way, and the data are only present on the
therapist’s device.

As for the “exercise” part in this first version, the therapist can select
several conditions before the exercise starts. The exercises do not have a
proper finish as it was not yet defined how they should be logged and what
the therapist would like to have as data about the exercise itself. At this
point, no press interactions were needed, only scanning the NFC tags was
necessary.

5.2 Prototype Version 2

After implementing the first version of the prototype, another interview with
the therapist was conducted to present this first version, and led to the

17Graphic User Interface
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definition of additional requirements added to the previous ones.

5.2.1 Additional Requirements

• General requirements

– It should be possible to navigate in the application using mainly
the NFC tags.

• Patient management

– It should be possible to consult the data of a chosen exercise for
a specific patient.

• Object management

– It should be possible to access a set of objects by scanning the
corresponding physical object.

– It should be possible to obtain the list of sets where an object
belongs to by scanning it.

• Exercises

– It should be possible to select a patient for the ongoing exercise
using a NFC tag.

– It should be possible to record every step of the exercise for a
patient.

5.2.2 Additional Functionalities

After a second meeting with the therapist, the requirements evolved based
on the demonstration of the first prototype.

The main comment was the navigation between screens that could be
improved and the creation of a log to track what the patient did during each
exercise.

The option of navigation using “press” and “long press” on an item from
the list was kept, but it is now possible to navigate thanks to the NFC tags
in the patient management and the object management part. In the object
management part, by scanning a set, the list of elements in it will appear.
By scanning an element, a list of sets containing this element will appear. In
the patient management part, by scanning a patient’s tag, the list of logs for
this patient will appear.
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During the exercise part, each action performed by the therapist and the
patient will be recorded. At the beginning of each exercise, the therapist will
have to scan the tag representing the patient in order to allow the therapist
to start. The conditions of the exercise and the answers are now visible in
the log under each patient’s name. The data about an exercise will be logged
only if the exercise is over, which will be decided by the therapist if he or she
presses the finish exercise button.

5.3 Final Prototype

The last interview with both SLTs let to the definition of the final additional
requirements listed here.

5.3.1 Additional Requirements

• Patient management

– It should be possible to have a visual overview of a specific pa-
tient’s progress.

• Exercises

– It should be possible to be redirected to the patient management
part if a patient is not registered.

– It should be possible to remove an answer selected by the patient
by scanning a second time a NFC tag.

– It should be possible to remove a part of the setup by scanning
the NFC tag a second time.

– It should be possible for the patient to see what he or she already
selected during the exercise.

5.3.2 Additional Functionalities

Following the newly added requirements, some modifications were made to
the prototype.

The patient is now able to remove an answer by scanning a second time
the object. The object, even if removed from the exercise by the patient, is
still logged in the exercise and will count as a right or wrong answer for the
statistics. The therapist will be able to see when the object was first selected
and removed thanks to the time being associated to each action in the log.
In order to keep track of the selected answers, the application now displays
on the screen which objects have been selected.
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Another modification on the exercise part was the possibility to navi-
gate directly from the exercise section to the user management section if the
patient is not registered in the database, or if an issue with a tag occurs.

A last demand from the two speech therapists was a quick way of seeing
the progress for a patient. It was decided to add a visualisation in the
patient management section. The result of each exercise would be displayed
as a curve, based on the percentage of success.

5.4 Application Design

The navigation is based around a main screen that redirects the user to the
three different parts. One part is dedicated to the exercise, one dedicated
for the patient’s data and one dedicated to the management of objects. The
menu was designed to allow the therapist to access any data in up to three
steps (see Figure 5.1). Figure 5.2 shows a real situation usage of the appli-
cation during one of the final test of the application.

5.4.1 The Patient Management Section

This section can be accessed from the main screen or by the first screen of
the exercise if needed. The list of registered patients is available, and patient
records can be access by pressing its name or by scanning the NFC tag
associated with their name. Figure 5.3 shows personalised user tags created
during the usability study by the participants. For each patient, a list of
logs is present for each exercise they did. A summary (in the form of a
progression curve) is available at this stage, if required by the therapist for
a specific patient. This curve is based on all the previous exercises realised
by this patient. This progression curve and the way it behaves should be
refined based on further tests with patients because of a lack of quantitative
data during this study.

The therapist has access also to the data concerning a specific exercise
with every action performed by the patient. Each interaction is recorded with
a time stamp in order to offer detailed reports. This part of the prototype
needs as well more testing in order to collect quantitative data to improve it.
Figure 5.4 shows an example of a detailed log.

Another possible interaction is a long press on a patient name to modify
the data (associate a non-registered tag, change the name, or both). This
option was added due to the possible loss of the physical tag, or a mistake
being made during the creation of a new patient entry.
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Figure 5.1: Application organisation.
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Figure 5.2: The prototype in use during one of the usability study tests.

Figure 5.3: User tags, personalised during the usability study, used to inter-
act with the prototype.
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Figure 5.4: Example of log details kept by the prototype.

5.4.2 The Object Management Section

This part is articulated around two main screens, the sets and the elements.
The sets are classes of objects such as “animal”, “alive”, “small”, “big”, etc (see
Figure 5.5). They contain a list of elements that are part of those sets such
as “Dog”, which is part of the sets “Animal”, “Alive” and “Small” (see Figure
5.6).

To define a new set, the user scans an object (with a NFC tag on it) that
is not already in the database, and is prompted to enter a name for this set.
There is no restriction for the name. It is up to the therapist to follow their
own naming convention and language. If the therapist scans an object that
is already in the database they will either be redirected to the list of elements
present in this set, or will be shown the sets where the scanned element is
present in.

Once a set is created, the therapist can add elements in it. They have to
select the set by either scanning the NFC tag or pressing the set on the list.
A list of previously registered elements appears and the process of adding
a new element is the same as the one for the sets. A difference appears
when the therapist scans an element is already present in the database. If
this element is in the database, it will automatically prompt the “add new
element” pop up with the registered name in order to have the same name
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Figure 5.5: Example list of sets defined in the prototype.

in each set.
As the patient management section, it is possible to trigger a menu when

performing a long press on a set or element. The therapist will have the
possibility to change the name, the tag or both. They will have also the
possibility to remove a set or an element. The removal of a set will as well
delete the elements present in the set from the database, without suppressing
the elements in other sets.

The navigation within this part is done either by pressing the name of
the set to access it or by scanning the corresponding NFC tag. It is possible
to display in which set an element is in by scanning the matching tag. The
list of the sets where this element is present will then appear.

5.4.3 The Exercise Section

The exercise section first asks the therapist to identify the patient who will
perform the exercise. For that, a NFC tag associated to the patient is re-
quired. Figure 5.7 shows an activity diagram of the exercise section. If the
patient is not already registered in the database, the therapist will be invited
(and redirected) to create an entry in the patient management section. Once
the patient is selected, the exercise starts by having the therapist describe
the exercise to the patient. While doing so, they need to scan the materials
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Figure 5.6: Example list of elements in an “Animal” set.

of the exercise (the required sets or elements) to set it up. These can be
added and removed by scanning them repetitively. It is then possible to ask
for an “animal” that is “alive” and “small” by scanning these three sets. This
system allows, during the creation of sets and elements, more freedom and
is less time-consuming than creating a set for an “animal that is alive and
small” and another set that is an “animal that is alive and big”. Once the
exercise is set up, the patient can scan the first object. This triggers the
beginning of the exercise, and the parameters cannot be changed from this
point for this exercise.

When the therapist decides that the exercise is done, they can press the
finish exercise button to trigger the end of the exercise. A prompt then offers
the therapist the possibility to add a comment on the exercise. Once this
potential comment is entered, the exercise is recorded in the database and
will be available in the log for the selected patient.
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Figure 5.7: Activity Diagram of the Exercise section.
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6 Outcomes

This section presents the outcomes from the interviews conducted in order
to gather (and validate) the three sets of prototype requirements, and the
usability study outcomes.

6.1 Interviews with the Speech and Language Therapists

As mentioned in sections 4 and 5, the interviews with the SLTs were used
to define the requirements of the application. These interviews validated
also the work done at each milestone. In section 4, the interviews were
unstructured. This was done in order to retrieve more data from the SLTs
and allow them to comment on as many aspects of the project as possible.
Dates and descriptions of each interview are presented in Table 2.

The first interview was conducted via video conference on the 2 July
2014 with one of the SLTs from France. They gave some direct feedback
concerning the SLT practices and the profession. The feedback included the
following:

• SLTs in general do not use a lot of ICT during their sessions.

• The newer generation of SLTs started to be interested in technologies,
but the older generation of SLTs do not trust technology and are some-
times considered to be technophobes.

• The particular therapist interviewed had no knowledge about any projects
involving ICTs in their field.

• The use of ICT, and especially interactions with physical objects that
have been digitally enhanced, can be appealing for many scenarios.

The concept of using physical objects to interact with a tablet was initially
confusing for the therapist since the NFC cards were the only tags available
at the time. The lack of stickers to show how an object could be customised
was an issue. The impossibility of manipulating the concept prototype did
not allow the therapist to fully understand the possibilities offered by the
tool.

Based on this feedback, a follow-up meeting was conducted on 18 July
2014 to allow a hands-on session with the concept prototype. Moving the
prototype from Sweden to France gave a good indication on how portable the
whole system is; a box of NFC tags and a tablet are the only requirements
needed. The manipulation of the prototype helped the therapist to see the full
potential of the tool. The NFC stickers were introduced during this session
in order to show additional possibilities. The therapist provided some names
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of disorders that could be treated using this tool, such as mathematics logic,
grammar or classification. This session:

• confirmed the interest of the SLT for the project;

• confirmed the usefulness of such a tool for the domain of speech and
language therapy;

• defined requirements (see section 5.1.1);

• defined the type of exercises that the prototype could help with (clas-
sification, seriation and inclusion).

By using the Agile methodology, the initial set of requirements were used
to define the base of the application. After three online meetings, a fourth
interview occurred on 28 August 2014. The first prototype was presented to
the SLT before starting it.. This interview, via video-conference, was made
to finalise the application requirements (see section 5.1.1). This interview
offered the therapist a first impression of the tool, and a broader range of
possibilities it could provide. It was well received, and the added function-
alities were confirmed as being inline with the feedback given during the
previous interview.

The next step of validation was conducted via video-conference as well.
This next interview was conducted in order to assess the functionalities devel-
oped after the validation of the requirements. The initial set of requirements
were validated, and a second set were created (see section 5.2.1) and inte-
grated with the first set.

In order to validate the second set of requirements, two SLTs were invited
to test the final version of the prototype. This session was conducted in
Paris, France, on 8 January 2015. Both tried and explored the prototype
extensively. They used the application and had it customised to their own
regular exercises. During the session, one therapist played the role of the
patient and the other conducted the exercise as though it was a real therapy
session. The collaboration of the two SLTs using this prototype reinforced
the fact that therapists could benefit from this tool in real situations. As
feedback, they had some concerns about privacy, and they specified several
times that this application should not replace the work of the therapist, but
should be used as a support. They liked the possibility of navigating within
the application using NFC tags and wanted this method as the main form
of navigating. They also gave an extensive list of disorders that could be
treated using this prototype, as described previously in Table 1. Several
other requirements were further added by the two SLTs (see section 5.3.1).
These requirements were the last one to be defined for this study since it was
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agreed that a test with patients would be conducted once the implementation
of the final prototype would be completed.

6.2 Usability Study

Five people participated in the usability testing. As mentioned in section
4.6, the interviews were semi-structured. The prototype offers two way of
navigation, using the touch screen and using the NFC tags. The participants
mainly preferred to interact with the NFC tag interface rather than using
the touch screen interface. One of the participant preferred the touch screen
interaction but mentioned that it was more out of habits. He explained that
using more NFC interactions would become just as intuitive with more uses.
On the contrary another participant (who rarely uses a touch device and
does not own a smartphone nor a tablet) found the use of NFC perfect as
the manipulation of physical objects felt natural to her. For each section
of the prototype, the participants were asked to rank, on a Likert scale,
the intuitiveness of both interactions (1 to 5, 1 is not intuitive, 5 is very
intuitive). The averages of the object management part were rated as follow:
the intuitiveness of the NFC interaction 4 (S.D. 0,84), and the intuitiveness
of the touch screen 3 (S.D. 1,48). The exercise part is the one that was rated
least intuitive with, on average, a rating of 3 (S.D. 1,14) for NFC and 4
(S.D. 1,52) for touch screen. The NFC interaction was rated as less intuitive
because, according to post-session interviews, nothing indicated where to
place the tag on the tablet. In future iterations of the prototype, a marker
will be placed next to the area where the tag should be scanned to facilitate
the ease of use. Finally, in the log part, the results are similar to the object
management results. In this section, the NFC interaction had an average of
4 (S.D. 1), and the touch screen had an average of 3 (S.D. 0,71). Since most
of the interactions are similar in the object management section and the log
section, a learning effect likely occurred, which can explain the reduction
of standard deviation between the object management section and the log
section.

All the participants found the response time of the prototype’s interac-
tions to be fast or very fast. Most of them declared that it was very easy
to use the prototype and only one expressed concerns about the learning
curve. However, they went on saying that it could become rather easy to get
used to this kind of interaction after a short period of time and increased
interactions with the technology. Some participants mentioned that, despite
the repetitiveness of the interaction, it was not tedious nor boring even after
ten exercises. Most said, it was convenient to use NFC to interact with the
prototype. For each section of the prototype, the participants were asked to
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Figure 6.1: Results of the usability evaluation.

rank the response time and the ease of use on a Likert scale (1 to 5, 1 is very
slow/very difficult, 5 is very fast/very easy). For the object management
part, the response time of the application was rated, on average, 3 (S.D.
0,55) and the ease of use 4 (S.D. 0,84). For the exercise part, the response
time was, on average, rated 4 (S.D. 0,55) and the ease of use 4 (S.D. 0,55).
Finally, for the log part, the response time was, on average, rated 5 (S.D.
0,55) and the ease of use 4 (S.D. 1). A learning effect possibly occurred as
the interactions were similar from section to section. Those results can be
seen in Figure 6.1.

The prototype was overall well received by the participants, and they
considered this tool useful in comparison with the current non-ICT methods
that are used by SLTs. While they did not see it as a necessity, they all
agreed that it has the potential to help SLTs become more efficient. Some
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commented that such a tool could also be used in other fields such as psy-
chology. For example, the “duo coding combination of stimuli” and to help
with memory issues.

The participants made suggestions about what could be added to the
prototype to enhance it and help both patients and therapists.

• Provide a user management section that could contain more informa-
tion regarding the patient (age, sex, previous results, etc.)

• Allow customisation of the exercise log, such as adding a title.

• Allow the manipulation of the progression graph, such as shrinking
or expending it, the ability to select a set of dates and being able to
compare two or more patients progression.

• Being able to trigger an exercise directly on the main menu by scanning
a tag.

• After an exercise is completed, a new one should be started automati-
cally instead of going back to the main menu.

• Some more accessibility options should be available, such as text size
and font option.

• The overall GUI of the application should be improved.

6.3 Trial with a Patient

A test with a patient was planned following the last meeting in Paris. The
prototype was updated accordingly based on the final set of requirements (see
section 5.3.1) and sent to the therapist. As the tests are currently ongoing,
no data is available as of yet. However, preliminary comments from the SLT
indicate that the application is serving its purpose and that the patient, who
was curious at first, seems to have adapted to working with this technology.
An element of fun was also mentioned by the therapist. This added fun
was mentioned from the context of both the patient and the SLT. The SLT
reported that even if the creation of initial sets and elements are tedious the
element of fun was not diminished. After the main sets and elements are
entered into the system, the SLT considers adding new sets and elements is
a fast process. The SLT realised that inputing new sets and elements can be
done as a pre-exercise with the patient. Another informal comment suggests
that navigating using NFC tags is preferred by the patient opposed to the
touch screen interaction.
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7 Conclusion

This thesis proposed the use of an Android application for mobile devices.
The application uses NFC technology for assisting speech and language ther-
apists with their work. The developed prototype, made in consultation with
two SLTs, can be used by therapists to conduct classification, seriation and
inclusion exercises with patients. The application facilitates exercises that
are already traditionally used by SLTs but also enables automatic note tak-
ing. This can potentially allow the therapists to have less distractions and
divert more attention to the patient.

The overall goal was to identify the needs of SLTs and create, in col-
laboration with them, a tool that supports their work without replacing or
disturbing their regular work flow. The NFC technology was implemented
in order to allow the customisation of physical objects that therapists need
to use for session exercises. The application records every action the patient
performs and aggregates the results of the exercises with a log system that
offers a visualisation of data, shown as an individualised progression curve.

The prototype was tested by the SLTs and non-patient users. Then,
several interviews and a usability study were conducted. The results show
that the system is usable by SLTs. The usability study, conducted with non-
patient, shows that the prototype is easy to use and that the NFC technology
is intuitive in this context. It is currently being tested by one SLT and one
patient. The system is visible at the moment for both parties and does not
seem to disrupt the therapist or the patient. The system offers improvements
to work flow and patient experience without disrupting the normal behaviour
of the SLTs or the patient.

7.1 Limitations

The main limitation of this work was the limited access to domain experts;
however, two SLTs were consulted throughout the prototype development.

As a result of the limited access to therapists, access to patients was
even more restricted, especially because of additional medical confidentiality
issues. Currently, only one patient has been exposed to the prototype, but
no data has become available as of yet.

Even if the issue of classification, seriation and inclusion is not language
dependent, it would have been interesting to see if their are different ways of
working from country to country and whether or not it would affect the use
of the application (e.g. SLTs in Sweden compare to SLTs in France).

The application was tested only on one tablet and further test must be
done to insure usability on every Android device.
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7.2 Future Work

Preliminary results, reported by the therapist participating in the currently
ongoing trial, show that the application can be usable in real life situations.
However, further testing needs to be done involving more patients and differ-
ent SLTs. Due to confidentiality regarding medical issues and patient privacy,
it is important to consider security issues and proceed accordingly with the
further development of the application.

SLTs and participants suggested some features that need to be improved
such as a better user management system. Other functionalities must be
added such as a controlled way of visualising the data gathered by the appli-
cation.

The GUI can be improved in order to facilitate better usability and make
it more user friendly for the patient.

Another direction would be the possibility of creating a prototype that is
“completely invisible” to the user (no need to use a mobile device) in order to
avoid any possible disruptions. For such an approach, using a Raspberry Pi
or Arduino device together with wireless sensors could enhance the therapy
session environment.
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Abstract  
 
 This is an exploratory study on the current work being done in the field of tangible user 
interfacing. The exploration is made in order to define a framework that can be used to integrate 
everyday physical objects with computing. The extensive research review focuses on the concept of 
Tangible User Interface (TUI) design, haptic design, context aware computing and ubiquitous 
computing. In a second part, we will discuss about the main technologies used in HCI such as bar 
codes, RFID, NFC, IrDA, Bluetooth, wearable technologies and mobile devices. With an 
understanding made of these concepts and current technologies, a framework is defined. This 
framework can be used for the development of a ubiquitous system that will harmonize everyday tasks 
and activities with the power of computational technologies.   
 
 
Introduction and Motivation  

 “A Tangible User Interface (TUI) is built upon those skills and situates the physically-
embodied digital information in a physical space. Its design challenge is a seamless extension of the 
physical affordance of the objects into digital domain” (Raje and Goje, 2012). Non-traditional input 
devices have been integrating into the world of digital technologies. Users can potentially find software 
that interacts with all kinds of specific items. In order for this to be done effectively, “a seamless 
interface that actively mediates interaction with the underlying digital information, and appropriately 
blurs the boundary between the physical and digital” (Raje and Goje, 2012), must be achieved. Most 
cases of tangible interaction so far allow a user to make use of predefined objects menially in order to 
manipulate digital information. The object gains some kind of digital information that represents or 
controls data within technologies (Ullmer and Ishii, 2000). However, it is important to explore the 
possibilities of digital and web technologies enhancing previous functions of objects and enhancing 
previous purposes instead of simply controlling a computer with an object. A computer can enhance 
the way we use a particular object.  

 Objects were always modified in order to improve them or to improve the experience the user 
would have been using them. Bruce Sterling (2005) made a good inventory of the evolution of objects 
in our life. In the current day, there are a lot of objects we possess being able to do a lot more than what 
they were created for. Information seems to be the keyword of actual objects according to him and 
would be referred as “SPIMES”. By using the technology, we are able to learn more about a product 
and not just use it. Our approach of this subject will be different. The technology will be used to 
enhance the use of this object and not bringing something more about it.  

 The study conducted by Jacoby et. al. (2009) shows that patterns of human behavior can be 
found by using tangible user interfaces. Those patterns can help improve significantly the experience 
for the user. It would be possible to form groups that behave the same way and improve the experience 
at one time for multiple people. Sensors and devices would be present to enhance the user experience 
and not providing him/her more things to do with this object.  



 In this paper, we will conduct a literature analysis and a technology analysis in order to 
understand better the field on Human Computer Interaction (HCI). In a first part, we will explore the 
concept of Tangible User Interface (TUI) design, haptic design, context aware computing and 
ubiquitous computing. In a second part, we will discuss about the main technologies used in HCI such 
as bar codes, RFID, NFC, IrDA, Bluetooth, wearable technologies and mobile devices.    

Problem Domain and Research Question 
 
 What are the potentials of using a combination of media technologies for supporting and 
enhancing the use of physical objects in order to compliment everyday tasks and activities?  

 The user of any digital technology exists within the physical world. That user will can use an 
array of physical input devices to control digital processes. These input devices come in a variety of 
forms. This includes keyboards, mouses and an array of other objects specifically designed for 
inputting data. These are common input devices. However, there is also the ability to manipulate or 
represent data with alternative objects. These can come in many forms, for example, a cup that measure 
liquid levels, or a board game that keeps track of player movements. The ideal objects for this kind of 
input are predefined and thus are specifically designed to work with the technologies available for 
understanding input and interpretation.  

 These types of objects can be used to complement the efficiency of everyday tasks. However, 
usually these objects are designed specifically to interact with technologies they make use of. A user 
will have to buy a specialized mug, for example, or specific pieces to a board game. However, users 
possess a variety of physical objects that they use everyday for all sorts of tasks. These objects are not 
necessarily designed to interact with technologies. Each object a person owns has the potential to 
enhance and complement people’s regular tasks and activities by integrating a variety of custom media 
technologies with the objects.  

 A user could take any object they own and add digital properties to that item. The addition of 
digital properties will elevate the object's usefulness. After an object has successfully been given 
properties, a mobile device can use this information to automate tasks. The logic will check for valid 
properties versus invalid ones. When a property is invalid, the user should be informed of suggestions 
to fix the situation.  

 A manifestation of this could come in the form of a chess game. Traditionally if a user wants 
to play chess, they would buy a chess board, chess pieces, then they would learn the rules extensively, 
and finally they could sit down and play the game against an opponent who has learned the rules just as 
extensively. Now, let's assume we have integrated this tangible system to these objects. The user would 
first find a pre-existing chess set (or any other objects they wish to use as chess pieces). They would 
not need to buy custom-designed pieces. They could then assign each piece properties. These 
properties would include the piece's title (i.e. bishop) the pieces legal moves, and the pieces starting 
position. Next when the user moves his piece, this should be recognized and validated. If the move 
made was legal than the position property will change. If the move was not a legal move than the user 
will be informed they have made an illegal move.  

 Another manifestation could be as follows. The user and his friends have their schedules 
posted online. In the user's house, he has several mugs. Each one would be given a property that 
defined a person. When the user wakes up in the morning, they would take out their own mug than they 
take out the mug of a friend. The system could recognize first whether or not the friend was at the 
location. If it is not the case, it could cross-reference the friend’s schedule. If the friend is available, he 
or she could suggest calling them to invite them. Otherwise, the user would be told that they should 
probably return the mug to its proper storage area.  

 People are engaging in physical tasks and activities and using tools and objects as a part of 
that on a constant basis. By researching and finding the most seamless ways to integrate media 
technologies with physical objects will lead to an enhancement in the way that people accomplish all 
sorts of tasks, activities and the way they organize objects. Researching the optimal interfacing and 



technologies to digitally defined physical objects and applying logical processes to the way those 
objects properties interacts can be applied to countless situations.   

 
 
Literature Analysis 
 

The first set of research that I will discuss mainly had to do with the design of Tangible User 
Interfaces(TUI).  Our system will rely on tangible interactions and it will require extensive knowledge 
of how to design effective interfaces. Also it is important to see how other researchers approach 
methods on evaluating their tangible interfaces. Tangible user interfaces have not been as well defined 
as set of tools in the way that Graphical User Interfaces(GUI) have been. GUIs have been the 
prominent way for doing most public computing. Our system should provide an effective model for 
creating customizable tangible systems.  

 
Attempting to design interactive and effective tangible interfaces is a challenging process. 

Traditional input devices have been used extensively. By analyzing other approaches to tangible user 
interfaces we can get a broader perspective what is happening in the industry and how researchers are 
testing the quality and effectiveness of their projects. Marek Hatala and Ron Wakkary created an 
interactive audio system designed for Museums called ec(h)o.  There system has a unique approach to 
museum interaction. The system is meant to react to the users particular location and their particular 
response (Hatala & Wakkary, 2005). Similar to the system we propose their system can be able to 
make inferences based on particular parameter changes. A particularly relevant part of their paper, 
Ontology-Based User Modeling in an Augmented Audio Reality System for Museums, was a section 
which described major challenges in using non-graphical user interfaces.  They explain that by using a 
non-graphical user interface the user gains a feeling of immediacy (Hatala & Wakkary, 2005). They 
claim they are coupling “everyday objects” with the intangible geo data and audio data. However, the 
object they choose to use is a wooden cube. Not many people come across a wooden cube in everyday 
life. Using a tangible object to represent and control data is a key concept for the system we are 
proposing, however, unlike Hatala and Wakkary we will attempt to use actual everyday objects users 
encounter.  The other portion of their study was to create a recommendation system to suggest what 
type of information users would receive. This system would detect the types of information the user 
has been interested so far in and provide them with similar information.  The research done by Hatala 
and Wakkary is much more rigid than we expect our system to be, however they bring up many good 
approaches to logic management and they also effectively describe that advantages of using tangibles 
instead of graphical interfaces.  
 In 2000 Ulmer and Ishii wrote a paper describing a conceptual framework for tangible user 
interfaces. They called this the MCRpd model.  They proposed 4 key characteristics that should be 
involved in all tangible user interfaces.   

“1. Physical representations are computationally coupled to underlying digital information …  
2. Physical representations embody mechanisms for interactive control … 3. Physical 
representation are perceptually coupled to actively mediated digital representations … 4. 
Physical state of tangibles embodies key aspects of the digital state of a system” (Ullmer, & 
Ishii. 2000).  

This model fits with the type of system we propose for the most part. All objects that users add will 
effectively have the first key characteristic of the MCRod model. When the object is registered into the 
system there will be a number of properties and variables that will be digitally represented in 
association with the particular object. The second key concept we may disagree with. Ulmer and Ishii 
suggest that the system should have some kind of interactive control to be a tangible user interface. 
However, physical gestures may not be necessary for controlling the system, rather the physical 
manipulation of the object may be a result or suggestion made by the system itself to complete physical 
tasks. The third key concept relates directly too the second. They also suggest that physical interactions 
should result in some kind of graphical display change. As already noted by Hatala & Wakkary, there 
are various other options to delivering responses to users than using graphics. Finally, the last key 
concept suggests that physical objects much be approached differently than digital objects. “physical 
artifacts, TUI tangibles are persistent-they cannot be spontaneously called into or banished from 
existence” (Ullmer, & Ishii. 2000). This means that the interactions between two physical objects are 
not as fluid as possible interactions between digital objects. This TUI model will not work for our 
particular system. This model assumes that the physical interactions made should ultimately produce 



some kind of digital or visual output. Our system will attempt to have a physical task or activity done 
as its final output.  
  

Understanding the differences in capabilities of Tangible User Interfaces (TUI) versus 
Graphic User Interface (GUI) is important. The paper Tangible User Interface: Unifying The New 
Genration of Interaction Styles, by Yogesh Raje and Amol Goje, is a comparative piece describing the 
generic ideas of TUI versus GUI and than discusses design challenges currently plaguing TUIs.  The 
explain that the main properties of a GUI are “an intangible representation. GUI pixels are made 
interactive through general ‘remote controllers’ such as mice, tablets, or keyboards”(Raje  & Goje, 
2012). TUI’s use “tangible representations of information which also serve as the direct control 
mechanism of the digital information … TUI attempts to embody the digital information in physical 
form, maximizing the directness of information by coupling manipu-lation to the underlying 
computation.” (Raje  & Goje, 2012).  Raje and Goje effectively describe and define TUI and its 
differences from GUIs. They also define several key properties of TUI. These include ;  

“Computation coupling of tangible representation to underly-ing digital information and 
computation … Embodiment of mechanisms for interactive control with tangible 
represenations … Perceptual coupling of tangible representation to dynamic representations 
… Genres of TUI aplications … Tangible Telepresence … Tangibles with Kinetic Memory … 
Toekns and Contstraints … Augmented Everyday Objects ”  (Raje  & Goje, 2012).  

These properties coincide with the system we are proposing. What is most interesting is the property of 
Augmented Everyday Objects. In the case of our system it will be up to the user to in fact augment 
everyday objects themselves. Instead of buying an augmented objects they will choose objects they use 
everyday and augment them to work within the system.  
  
 The Net in the Park was a research project done by Antonio Rizzo et al.  The idea behind their 
project is to create and analyze tangible user interfaces that make user of ubiquitous computing. They 
create and implement a prototype for a product they call the WI-roni. The WI-roni project was created 
for two main reasons. First ,“using distant communications to promote on-site, in-presence 
communication” (Rizzo, A., et al.  2009). The second reason is “making the physical location have an 
impact on the fruition of web content” (Rizzo, A., et al.  2009).  The WI-roni  acts as a physical device 
that detects particular individuals and provides them with content meant to facilitate social interactions 
in public spaces. This content would have been defined by previous online interactions. The paper has 
a very interesting section called about the use of everyday objects for computation. They acknowledge 
that the majority of technological solutions take users out of social environments. They attribute this to 
the fact that there is no integration of everyday objects. Their system attempts to get rid of devices that 
do not promote social interactions (Rizzo, A., et al.  2009). We take a similar perspective on using 
everyday objects for computation. Instead of creating a device that gets rid of the need of non-social 
devices (i.e. computers, phones, consols) as the WI-roni does, our system would like to integrate 
everyday objects users are actually using everyday. Rizzo et al. explains ubiquitous computing as 
“computers  integrated into everyday objects and becoming just another part of the background” 
(Rizzo, A., et al.  2009).  They go on to explain that in order to accomplish social and public computing 
they must create a ubiquitous systems. They do this with RFID technology that they work into users 
everyday objects. This allows the users to interact with the technology in a way that fits their 
definition. It seems like the computing is happening in the background. This is also a goal of our 
research. Ubiquitous computing is essential for creating a system this natural system.  
  
 Understanding what ubiquitous computing is and how it is affecting social spaces is essential 
for understanding the success or failure of a system like the one we propose. Jenifer S. Winter did 
research in Hawaii on policy changes in relation to ubiquitous computing. The paper she wrote on this 
is called Emerging Policy Problems Related to Ubiquitous Computing: Negotiating stakeholders’ 
Visions of the future and explains concepts of ubiquitous computing in detail. She explains that as a 
result of emerging technologies ubiquitous computing is becoming more and more relevant. Some of 
Winter’s concerns focused heavily on ubiquitous computing changing peoples behaviors 
unconsciously.  She takes one hundred and sixty-five individuals from Hawaii to do a study on 
emerging problems related to ubiquitous computing in the state. Focus groups with specialists and 
civilians were used to determine emerging issues and possible solutions.  Winter’s explains that 
ubiquitous computing is not just as simple regular appliances gaining computing powers, there is also 
“the emergence of tiny devices that are not typically thought of as computers. Sensors and actuators are 
small computational devices that are spread throughout the physical environment” (Winter, 2008).  She 
predicts that sensors like this and appliances will be integrating computing to most everyday tasks. This 



predication and research is relevant to our studies because we plan on in fact integrating computing 
seamlessly into everyday tasks and objects.  The policy changes and approaches that are discussed in 
her research gives insight on the type of reactions people will have towards our system and our 
research.  
  
 Designing ubiquitous systems is ideal for many domains. A study on Swedish road haulage 
firms discusses and determines the major ubiquitous computing design challenges in the industry. The 
study was conducted by Magnus Andersson and Rikard Lindgren and documented in their paper The 
Mobile-Stationary Divide in Ubiquitous Computing Environments: Lessons From The Transport 
Industry. The term UTS is actively talked about throughout the paper. “UTS is used to discuss 
seamlessly integrated computing environments applicable to the transport industry”(Andersson & 
Lindgren, 2005). Andersson and Lindgren point out that the opportunities for UTS increases as the 
miniaturization of computing devices and the number of other ubiquitous technologies increases. After 
a series of interviews with major companies in the industry they come up with three major challenges 
too address. The first is to improve mobile resource evaluation. This means installing sensors and other 
devices into drivers vehicles to keep track of the hours the driver is actually working, as well as 
systems to check resource use like fuel consumption. (Andersson & Lindgren, 2005).  The idea here is 
to have data calculated on resource use without the need for drivers to log this use themselves; rather 
resources would be calculated in the background.  Next, to facilitate seamless transport data 
management. “A primary concern was the amount of time elapsed from completion of a transport 
assignment to invoicing” (Andersson & Lindgren, 2005). This process could take several days. With 
ubiquitous designs and improved wireless technology advanced solutions can be determined that will 
automatically send information to dispatchers when it is needed (Andersson & Lindgren, 2005). 
Finally, they must rationalize dispatcher-driver communication. The interviews brought up the fact that 
most communications between dispatch, drivers, customers and excreta would be done over phone 
calls. This makes for a complicated and tedious situation when trying to communicate everyday tasks. 
Andersson and Lindgren conducted interviews regarding this and found that there was interest in 
automating some of the tasks which would normally be left for phone calls. This could include GPS 
tracking and other management systems used to inform particular parties of situations they required 
updates about. The interview conducted during this research outlined a number of problems that 
ubiquitous computing could solve. This case study clearly outlines research methodology that can be 
used in our own research for determining specific problems that can be addressed with tangible 
interfacing on ubiquitous level.  
  
 Ubiquitous computing allows for seamless computer interactions. Ali Karime et al. use RFID 
technology to create a seamless interactive tangible user interface for edutainment.  Their proposed 
system “allows children to learn about new objects/entities by displaying different media related to 
those objects being tapped over with a specially designed tangible user interface that we call the ‘magic 
stick’” (Karime et al. 2012). This system is particularly relevant to the system we are proposing. The 
idea of taking an physical object that is used for non-computing purposes and inciting a digital 
response is a key to realizing our own solution. However, the major difference between our work and 
this is that the objects that interact with the system are predefined and non-customizable. This research 
study does show that there is interest integrating everyday objects with computing to enhance 
experiences and task completion. “The evaluations have shown that children grasp the idea of the 
Magic Stick quickly, and interacted with their peers through discussions and sharing ideas” (Karime et 
al. 2012).  It is obvious that people will be able to easily immerse themselves in technologies like this 
and thus they should be able to easily pick up and use our proposed system.  
  
 Understanding effective haptic based designs will be essential for creating a design that allows 
for seamless interactions. David Abbink et al. describe the importance of of seamless haptic interaction 
in their paper Haptic shared control: smoothly shifting control authority?. Their research points out the 
effective approaches to human-automation interaction. The idea is to have haptic shared control with 
the computing devices. The human should “always remain in control, but should be able to experience 
or initiate smooth shifts between levels of authority” (Abbnik et al. 2012). Their study shows that 
humans still want to feel like they have control over the tasks they are doing, and not have a computer 
take complete control. The human should “receive continuous feedback about the automation 
boundaries and functionality” (Abbnik et al. 2012). They show that if a user is unaware of the level of 
control they have or the system has that it can lead to confusion and misuse. The human should 
“continuously interact with the automation” (Abbnik et al. 2012). If there are breaks from the 
automation within the task than the user Abbnik et al. describe that it is not beneficial for continuous 



use. The human “should benefit from increased performance and/or reduced workload” (Abbnik et al. 
2012). These four points made co-inside with the type of system we plan to propose. The only point 
that we may debate on is that there must be continuous interaction. They believe the system should 
always be running and interoperating data in the background but we do not think this is necessary. The 
user should only have to interact with the system when it is necessary otherwise the system should only 
be giving instructions/sugestions for everyday tasks that do not require computing necessarily. The 
computing should happen than a physical task should be completed with out the necessity of constant 
data collection/interpretation.  
  
 Kanav Kahol and Sethurman Panchanathan present an extensive amount of research on 
approaches to haptic design in a paper titled Neuro-cognitively inspired haptic user interfaces. They 
present an “an approach (to haptic design) that uses tactile cueing or code based communication in 
conjunction with realistic rendering to achieve haptic perception of virtual objects” (Kahol & 
Panchanathan, 2008). The proposed system “intends to utilize this human ability to recognize objects 
through simple cues about its features” (Kahol & Panchanathan, 2008). They device an interesting 
approach to creating systems that people can easily learn based on haptic responses. This research is 
interesting as they put a heavy insight on developing tangible interfaces for HCI. However, the 
research is not necessarily useful for our system. Kahol and Panchanathan take a perspective that the 
tangible object will be designed specifically for interaction with the computer. Our system allows the 
user to take any object and use it with the system, so it is not necessary to figure out a way to use the 
object in conjunction with the system because the user should already know how to use their everyday 
objects. If the technologies we choose require the creation of some kind of new haptic based object we 
can easily use this research to perfect the new object. We can also use the research here to judge how 
people may interact with the objects they do choose.  
  
 “Context-aware applications are an emerging type of information system with the capacity to 
align implicit human activity with computing services” (Henfridsson & Olsson 2007). Context aware 
computing is essential for creating a system that can make inferences about what users are trying to 
accomplish. Ola Henfridsson and Carl Olsson describe context aware computing in their paper 
Context-Aware Application Design at SAAB Automobile: an Interpretational Perspective1. They 
describe 3 main principles of context aware computing. The first is that it should support users by 
creating links between human activities and the activity taken by the application. Next, the application 
should be triggered and start processes that are relevant to the users. Finally, the application should be 
dynamic and have particular reactions based on the particular set of occurrences (Henfridsson & 
Olsson 2007). They created and implemented a prototype for studying. The prototype was created to 
promote safe and organized driving. The application would analyze the choices and reward the user for 
good driving behavior while making good driving decision suggestions. Our system will likely use 
these three main principals when creating the context aware portions of our work. Henfridsson and 
Olsson suggest that much more research must be put into the social side of context aware computing. 
Their work really analyses the human reactions too a context aware system. This information is 
incredibly useful for understand how people may react negatively and positively to certain decisions 
being made for them. 
  
 Selker and Burleson explain context aware systems as “systems (that) sense or remember 
information about the person and the emotional or physical situation in order to reduce computer-user 
communication and effort”(2000).  There paper Context-aware design and interaction in computer 
systems explains that “designers of contextually aware systems have a myriad of tools at their disposal; 
it is more important that they choose the right tools for the right applications”(Selker & Burleson, 
2000). This paper explains the challenges in designing context aware systems in detail. It is useful for 
us to consider this research when choosing the tools and approaches to use when creating our own 
system. It is explained that creating an effective context aware system will require input from 
designers, engineers and social scientists. Coming from a cross disciplined approach is the only way to 
create an effective context aware system.  
  

The papers reviewed here were all concerning tangible user interface design, haptic design,  
context aware computing and ubiquitous computing. The papers were reviewed to get a broader 
understanding of the work being done in related fields. This literature has helped us define the 
requirements for our system in more detail. Each of the concepts explored in these reviews 
theoretically are related to the theory and design of our proposed system.  
 



Technology Analysis 
 
 Egocentric Interaction is a concept introduced by Thomas Pederson in 2006. He started in 
work by developing Magic Touch, a prototype of desktop existing in the physical and the digital world. 
This project and concept are the closest example of what we want to achieve. We will first analyze the 
work done on Magic Touch and Egocentric Interaction in order to see what kind of technology they 
used. Then, in a second part, we will analyze those technologies and see what it is possible to achieve 
with them by looking at different project in the field of Tangible User Interface and Ubiquitous 
computing. We will go through Bar codes, RFID, NFC, IrDA and Bluetooth technologies in order to 
have a better understanding of what could be used in a future implementation of our concept. The 
following table summarizes which technology is used in the different paper we presented. 
  



 
 Egocentric 

Interaction 
TUI Bar Codes RFID NFC IrDA Bluetooth Mobile Devices Wearable 

technology 

Pederson, 2004 ✔ ✔  ✔      

Pederson, 2006 ✔         

Surie et.al., 2012 ✔   ✔  ✔ ✔ ✔ ✔ 

Collins, 2011   ✔       

Atteberry, 2011   ✔     ✔  

Sterling, 2005  ✔ ✔     ✔  

Tang & Wu, 
2012 

  ✔       

Liu and Sun, 
2008 

  ✔       

Olwal & Wilson, 
2008 

 ✔ ✔ ✔    ✔  

Want, 2006    ✔      

Bonsor and 
Fenlon, 2007 

   ✔ ✔     

Chan et.al., 2009    ✔    ✔  

Ray et.al., 2013    ✔      

Po et.al, 2013    ✔    ✔  

NFC Forum, 
2013 

    ✔   ✔  



 Egocentric 
Interaction 

TUI Bar Codes RFID NFC IrDA Bluetooth Mobile Devices Wearable 
technology 

Strommer et.al., 
2006 

   ✔ ✔ ✔ ✔ ✔  

Ondrus and 
Pigneur, 2007 

   ✔ ✔   ✔  

Madlmayr et.al., 
2008 

    ✔   ✔  

Verdult and 
Kooman, 2011 

    ✔  ✔ ✔  

Yoon et.al., 
2011 

    ✔   ✔  

Heinig et.al., 
2010 

     ✔ ✔ ✔ ✔ 

Infrared Data 
Association, 

2013 

     ✔    

Chung et.al., 
2013 

   ✔   ✔   

Ramlee et.al., 
2013 

 ✔     ✔ ✔  

 
 
  



1) Egocentric interaction 
 

 In 2004, Thomas Pederson created Magic Touch (Pederson, 2004) as an organization tool for 
the physical world thanks to the digital world. During this experiment, he created a way to organize the 
workspace of an office by applying Radio-Frequency Identification (RFID) tags on physical documents 
and by defining areas within this workplace. The RFID tags will allow the system to determine where a 
specific paper is placed in the workplace. The system was not able to determine the position of the 
person in the room, and with a sensor placed on the forefinger and some area designed specifically for 
some tasks, the computer was able to understand when a document was supposed to be registered, 
modified or deleted. This project is a really good example of what we want to achieve. The object is 
supposed to be used normally, and the computer is only here to help the user and do not replace the 
actual use of physical objects. Ten years after this project, the technology evolved in so many ways that 
this process could be applied to a lot of different projects and using a completely different technology. 
The interface could be as well improved and be shared with other users. A lot of possibilities can 
emerge from this project. Thomas Pederson continued to explore the field of tangible user interfaces 
and came up with the term egocentric interaction.  

 The term egocentric interaction was defined as “the human body and mind of a specific 
human individual (sometimes literally) acts as a center of reference to which all interaction modeling 
and activity support is anchored“ (Pederson, 2006). Pederson argued that in addition to the physical 
and the virtual activities, a “physical-virtual” activity could exist thanks to the new technologies. In his 
theory, the usual HCI concept would be not used since non-adapted to the concept of physical-virtual 
activities. This model is not based on a specific technology and does not tend to invent something new, 
but rather wants to use the existing technologies. He argued as well that wearable technologies would 
be a better choice in matter of “privacy, efficiency, design complexity, feasibility, and cost” (Pederson, 
2006). This statement should be reviewed since seven years passed. Pederson argued as well in favor of 
the wearable computing that it will allow the physical-virtual interaction to be performed easily since 
the user will have all the time the sensors/devices with him. Egocentric interaction concept was 
developed since then and in 2012, a definition was created.  

 “Egocentric interaction is a human-centered spatial model of interaction where the spatial 
dimensions are determined by a human agent’s perception and action possibilities at a particular 
moment in time” (Surie et. al., 2012). The concept of egocentric interaction places the human in the 
center of everything. The example used in this paper was the smart kitchen. The technology used was 
guiding the user during his usual tasks such as preparing breakfast. Technologies such as Bluetooth, 
RFID, wearable technologies and Infrared Data Association (IrDA) were used for this experiment. An 
important fact was the use of a Wizard-of-Oz software to simulate a big part of the sensors. It seems 
that the technology is not developed enough or the budget required to implement such tools is too low. 
This information will be to consider whether an actual implementation is planned in the future. Other 
technologies exist and could be potentially used. The research field of Tangible User Interface (TUI) 
provides every year new technologies or new combinations of technologies that can be useful such as 
QR Code, Bar Code, RFID, IrDA, Bluetooth and NFC are just few examples of what could be used and 
combined in a lot of different ways.  

2) Technologies available 

 As described by Thomas Pederson, the creation of a new technology is not necessary 
(Pederson, 2006) and already existing technology can be combined to achieve our goal. A non-
exhaustive list of available technologies will be created as part of this mini-thesis in order to have an 
overview of what can be used.  

 One of the first technologies used as an interface to identify objects was the bar code. In 1974, 
the first UPC code, commonly named bar code, was used in the USA (Collins, 2011). The UPC code is 
a one dimension bar code and can contain only around 20 characters of information. It was fine at the 
beginning, but with the proliferation of this technology and the need of companies to have access to 
more data, some two-dimension bar codes were created. The most popular is the QR code (stands for 
Quick Response code). Two-dimension bar codes have a lot of advantages compare to the one 
dimension one. Two-dimension bar code can store up to 4000 characters of text and can be printed in a 



small format, easy to read (Atteberry, 2011). In general, bar codes have a major advantage nowadays: 
they can be read easily by smartphones. A lot of free applications allow people to read and create bar 
code such as the QR code. Other standards exist like the MaxiCode used by UPS that can be read 
quickly or the DataMatrix used by the Department of Defense in the USA.  

 Bar code can be printed and placed on the surface of objects (or stick on), can be colored and 
do not alter the objects. Bruce Sterling described object with this kind of technologies on it as a 
“Gizmo” (Sterling, 2005). The use of those kinds of objects by consumers is common, even if they do 
not know it. Sterling takes the example of the bottle of wine. Thanks to all the information on the 
bottle, this particular object is now more than a bottle a wine. The QR code on it is making it as well a 
link to a website or a digital content. According to him, people start to get used to it and want it to be 
knowledgeable. If we follow the concept created by Bruce Sterling, the QR code is used on an object to 
add value. The consumer has the possibility to use it. To do so, he will need a QR code reader and 
point it exactly on the QR code. In our research, the goal is to have the user having an enhanced object 
without having to use deliberately a technology to access those new features.  

 QR codes can be found on a lot of different products such as flyers, advertisement posters and 
books or even replace traditional UPC code. They as well were used in another type of project, the 
augmented reality. “QR Code is a widely acceptable standard of 2D barcode because of its high 
information capacity and high error correction capability“ (Tang & Wu, 2012). Based on that, Tang 
and Wu developed a system able to use QR code as a visual market in the real world to add virtual 
element to it via a computer. It involves the user to have a device close to him and use it knowingly. At 
this point, the smartphone would be the best option for that, but a new tool is coming, the smart 
glasses. The most famous one at the moment is the Google Glass.  

 A new type of bar code, the three-dimension one was designed as well. Liu and Sun (2008) 
experimented the three-dimension bar code using geometrical and colored bar code. During the tests, it 
appears that those new types of bar code work similarly as the one dimension one, except they retain a 
lot more of information (Liu and Sun, 2008).  

 Bar codes are visual tags that can be used to add digital property to a physical object. They are 
cheap and can be applied on almost any surfaces. They are easy to read thanks to the proliferation of 
smartphone and the free application able to read them. Unfortunately, it is easy to have a tag damaged 
and therefor not readable. As Olwal and Wilson (2008) said, the QR code and the bar code markers in 
general have a major issue is the everyday use of objects since it requires a clear sight at all time. They 
argue as well that in the near future, bar codes will be combined with RFID or even replaced by RFID 
technology.  

 Radio-Frequency Identification (RFID) technology was already in used in World War II to 
help the British to identify their plane using the IFF (Identification Friend or Foe) system (Want, 2006). 
This technology is mainly used to identify objects and living creature like pets. A small capsule 
containing the RFID tag is insert under the skin of the animal in order to be able to identify it. Two 
main types of RFID tags exist, the active and the passive (Want, 2006). A semi-active was developed 
as well (Bonsor & Fenlon, 2007). The active tags need a power source to be used such as an external 
power supply or a battery. The main advantage is the long range of the signal, but the power source is 
definitely an issue. The size and the fact that the battery will be empty at one point are two points not 
appropriate for domestic uses. On the other side, the passive tag does not have this kind of issues. The 
reader device, thanks to an electromagnetic field, powers it. The passive RFID tag is therefor usable, 
theoretically, for an unlimited amount of time. The size of the passive tag is as well something to 
consider. Nowadays, it can be 2 mm by 2 mm, which means it could be included everywhere without 
anyone noticing it (Zebra Technologies, 2013). The cost of a single passive tag is less than 10 cents 
(US dollar) in November 2013. Depending on the model, the quality and the provider, the tag can be 
more or less expensive. The passive tags can be read up to 6 meters where the active tag with a power 
source can go up to 100 meters (Bonsor & Felon, 2007).  

 Chan et.al. (2009) used this technology in an interesting way to help people keeping tracks of 
their belongings. They used a portable device able to detect registered RFID signals within a range of 
1,5 meters. They considered several types of RFID tags and decided on a passive tag in order to reduce 
the power needed and the cost. Being able to detect objects from a certain range is something that can 



be used in our design. As this project was considered to be used in a crowded space such as an airport 
with potentially other people using this technology, we can assume that it is possible of having a huge 
number of unique tags in a small area without any interference. Chan et.al. (2009) described as well 
how RFID is flexible enough to be used with different readers. They as well mentioned something 
really interesting concerning the limitation of RFID. Some chemicals can block the Radio Frequencies, 
and they use the example of a shampoo (Chan et.al., 2009). If we were about to use RFID technology 
as a wearable device, we should be considering this. Another limitation is the fact that RFID tags can 
be spotted by other people and the data contained in it accessed. The security and the interferences are 
something we should consider before any use of any technology.  

 Ray et.al. (2013) talked about the security issue in the supply chain for RFID tags. They 
indicate that many research projects have been done about security, and they want to add “privacy, 
anonymity, and authenticity” (Ray et.al., 2013) to that. Those three parameters are really important 
nowadays with more and more news about agencies accessing private data all over the world 
(Whittaker, Z., 2013). Ray et.al. (2013) described some attempt to hack RFID tags such as the DoS, the 
mutual authentication and desynchronization attacks. Security is something we need to consider from 
the beginning in our research. It should be one the requirement for whatever technology we will 
consider. Depending on the data available on the tag, the security of personal information should be as 
robust as possible.  

 Po et.al. (2013) explored the concept of using RFID technology to detect moving object in a 
close environment. The main goal of their research is to improve the localization precision of passive 
RFID tags. A common way to improve precision for RFID tags is to increase the density of tag 
distribution or the improvement of the algorithm (Po et.al, 2013). They choose to focus on the passive 
RFID tags, which are less expensive and therefor the one we shall consider in the first place for the first 
implementation. They could achieve an accuracy of 10 cm with a variable precision when those object 
are in movement. In a big space with big objects, it is something that can be used easily, but some 
limitation appears when we start talking about smaller objects. Depending on what would be the actual 
prototype, RFID could be a technology usable to detect moving objects with a good accuracy.  

 RFID technology can be combined as well to other technologies such as Microsoft Surface 
(Olwal & Wilson, 2008). This combination is a good example of what can be achieved by combining 
two existing technologies. It would be possible to argue that QR code or other visual markers on 
objects combined with the Surface would be enough and do not require the use of a radio frequency 
identifier. However, visual markers depend grandly of how the object will be put on the Surface. It is 
as well an issue for the final product with a specific design. The RFID tag can be placed everywhere on 
the object and do not have to be seen. In the research field, the design of the object may not matter, but 
a customer should not think about having a square that has to be positioned in a certain way. It is as 
well possible that the final user will not want to see the visual tag on an object. RFID would be a good 
choice for this particular setting, since no matter how the object is placed or what it looks like, the 
Surface will be able to detect it (Olwal & Wilson, 2008).  

 Combining technologies is part of what we want to achieve within this exploration, and RFID 
can be used with another technology that is emerging right now, the Near-Field Communication, or 
NFC (Bonsor & Felon, 2007). NFC technology has the abilities to perceive the magnetic field of RFID 
tags and retrieved information from them. More and more smartphones have a NFC reader nowadays 
like the new Nexus 5 from Google (Google Nexus, 2013) and other new smartphones. Google is trying 
to develop this new technology. We can think of Google Wallet for example, that is developed more 
and more in the USA. As those two technologies are separately developing for different purposes, it is 
easy to think that they will be complementary in the future with the further development of NFC reader 
inside the smartphones.    

 The Near-Field Communication technology is based on the RFID technology. In March 2004, 
Sony, Philips and Nokia started this new technology by the establishment of the NFC Forum (NFC 
Forum, 2013). This organization is a non-profit industry association regrouping more than 170 
members. “The Near-Field Communication Forum was formed to advance the use of Near Field 
Communication technology by developing specifications, ensuring interoperability among devices and 
services, and educating the market about NFC technology” (NFC Forum, 2013). The composition of a 
NFC tag is somehow the same as a passive RFID tag. One major difference is the NFC technology can 



be only read from about 10 centimeters (NFC Forum, 2013). This technology is supported by a lot of 
different companies such as Credit Cards companies and IT companies. NCF is used in a lot of 
domains like bus cards, electronic keys or credit card payment. Unlike RFID, the user will be most of 
the time aware that he is using this technology based on the fact that the short range of use requires the 
tag and the reader to be close.  

 Since the beginning of its release, NFC technology interested a lot of different fields such as 
the medical one. Strommer et.al. (2006) considered this technology as a possible replacement for the 
Bluetooth and the IrDA usually used to transmit the data monitored by the patient’s health devices. The 
NFC technology would allow the patient to monitor his own medical data easily by transmitting them 
directly on a phone almost instantly (less than a second according to the research team in 2006). It 
appears that NFC technology “well suits off-line health monitoring applications such as the heart rate 
monitoring […] as well as health or disease management with sparse measurements, such as the weight 
and blood pressure management” (Strommer et.al., 2006). Those monitoring are not in real-time, and 
this is why NFC is applicable here. As the passive RFID tag, NFC uses the power of the scanning 
device to be powered. It is one of the limitations for this technology. The NFC, in this particular case is 
preferable to Bluetooth or IrDA for its cheapness and its inferior power consumption, and it cannot be 
intercepted easily by a third party. This research can be extended to other domains such as wearable 
technology. Users would be able to interact with objects he is wearing by touching it with a smartphone 
or another reader.  

 The public usually knows a new technology if a major company is using it for a product that 
will affect the everyday life of users. An object most people used are the credit cards. Visa and 
MasterCard are using NFC technology in some countries like the USA. Google developed the Google 
Wallet as an attempt to allow people to pay with their phone. This was not the first of its kind since 
Japan and South Korea already successfully implemented mobile payment (Ondrus and Pigneur, 2007). 
More and more, countries such as Switzerland are implementing the mobile payment. Ondrus and 
Pigneur (2007) explored the evolution of this method in this country. They conclude that the users and 
the companies welcome NFC, but it will require both sides to make efforts. So far, the users have 
access to the smartphone with this technology, but it will need the availability of the other side (the 
retailers) to be used (Ondrus and Pigneur, 2007). The fact that this technology is used to perform 
transaction is a good indicator that it is safe. As we are concerned about the privacy and safety of the 
data, this is a good sign. Unfortunately, like every technology, some way of going around the 
protection exists.  

 Security and privacy are both important for the users, and the NFC is not completely safe. 
First of all, all the issues of the RFID are applied to the NFC due to their similarity (Madlmayr et.al., 
2008). The classic attacks such as the Denial of Service (DoS) or Phishing are possible. Other threats 
are described by Madlmayr et.al. (2008), and they are offering ideas such as having the user 
performing a physical action do allow the communication. This could be an issue for us if this idea was 
common to all the devices in the future since we are trying to find a seamless way to enhance physical 
object with digital properties without having the user to do something else than using the actual object. 
Therefor, pressing a button on a device would not allow us to use this technology. More recent works 
pointed out other issues based on some devices. Verdult and Kooman (2011) used one of the most 
popular NFC phones at the time (Nokia 6212 Classic) to show that the NFC technology can be paired 
with Bluetooth without the approval of the user. It shows that vulnerabilities can be everywhere, and 
people can always find ways to access data or to include data (such as viruses). Since we are 
considering using different technologies together, security will be something to consider, and we will 
have to think out of the box to be sure nothing like that could happen, and not only for this specific 
technology.  

 Samsung is trying to use NFC technology to share media content following the concept of 
Tangible User Interface with the Media Clips (Yoon et.al., 2011). Their main goal is to achieve the 
creation of a new way of storing media. This new method should have an unlimited storage space and a 
instantaneous transfer between physical storages. Then, they want this new method to be able to 
improve the way of reading the data, and finally they want to provide a new experience to the user 
thanks to the concept of TUI. Yoon et.al. (2011) created several prototypes for the Media Clips trying 
to follow those principles. The NFC technology was used to transfer the data from a Media Clip to 
another or to a computer by a simple “touch” (50mm or less to trigger the transfer). The main principle 



was to store only the meta data of the media file. The files itself would be stored on a server and by a 
touch on a reading device (computer, TV…), the media will be loaded and played. This concept could 
be used for different purposes, and we could take inspiration from this depending on the direction we 
will take.  

 The NFC is a promising technology that is based on the RFID and can be combined with other 
technologies such as the Bluetooth. The possibilities offered are huge, and the major IT companies 
such as Google and Samsung develop new concepts regularly. People are more aware of this 
technology, thanks to its application in the payment system and more generally in every type of “touch 
card” such as bus pass.  

 Some other technologies can be considered as useful for a tangible user interface even though 
they are not used so often in this field. We can think about some technologies to transfer data such as 
Bluetooth or use some completely different technic such as the infrared and the IrDA.   

 Infrared Data Association or IrDA, is a robust technology included in a lot of different devices 
such as computers, phones or medical devices. It is appreciated for its low bit error rate and its 
efficiency in some places where interferences are an issue for radio frequencies (Heinig et.al., 2010). It 
is as well a really cheap and fast transfer technology. The infrared technology as the same weakness as 
the bar code, without a clear sight, the information cannot be read. For short-distance data transfer, this 
technology seems to be a good choice regarding the “lower power consumption, higher data rates, a 
secure and reliable data link, and it is excellently supported by PCs, Notebooks, PDAs and other 
mobile devices” (Heinig et.al., 2010) compare to Bluetooth. They worked on a prototype of IrDA data 
transfer included in a textile-reinforced composite. This could be adapted as a wearable technology and 
applied to the field of TUI for regular users. This technology is still developed, and the IrDA.org 
created a working group focusing on improving the transfer speed to the multi-gigabit per second 
(Infrared Data Association, 2013).  

 The Bluetooth was used as well in some wearable technology project. Chung et.al. (2013) 
worked on a project to help people having ulcers. Based on a pressure sensor, the Bluetooth technology 
is used to transfer data from this piece of fabric to an Android smartphone (Nexus 7). The advantage of 
Bluetooth is its presence on a huge number of portable devices. As demonstrated in this study, fabric 
can incorporate different types of sensors and transmission technology such as Bluetooth (Chung et.al., 
2013). Bluetooth allows two devices to exchange data (Ramlee et.al., 2013) compare to other 
technologies like RFID, which are used mostly one way from tag to a reader device (Want, 2006).  

 Bluetooth can be then used like the RFID tags. Ramlee et.al. (2013) used this wireless 
technology to develop a smart home in order to help elderly and disable people to do simple tasks such 
as switching lights on and off. With a range of 100 meters, Bluetooth was chosen thanks to its suitable 
capability and the fact that “a Bluetooth master device is able to connect to up to seven devices in a 
“Piconet” (Ramlee et.al., 2013). Once again, a smartphone is controlling the system. Smartphones are 
one of the main tools used in Tangible User Interface to receive feedbacks or control a system. A good 
thing to notice in this project is the use of open source technology such as Android. Arduino was 
mentioned as well, even if not used, it would have been a possibility according to Ramlee et.al.  

 Those technologies are the most relevant for our concept, and we are conscious that other 
exists in a form of proprietary technologies or fewer used technologies.    

Discussion and Conclusion 
  

After extensive analysis of related research on design and technologies we have come up with 
several design requirements that must be adhered to in order to make this a functioning system. They 
are as follows:  

-‐ A way to set up communication between a user defined object and a computing device.  
-‐ Physical objects must have dynamic digital variables that will change based on the physical 

objects spatial, chronological and intangible changes.  
-‐ There must be context aware analysis computed based on variable changes  



-‐ The user must be informed of options for how to use the object in question based on the 
computing that happens.  

-‐ A series of sensors or a device must be used to differentiate the particular object(s) being 
manipulated.  

-‐ The interaction a user has with the system will be ubiquitous and seamless 
-‐ Any haptic controls of the system must feel natural, objects should never be used in a way that 

does not coincide with its everyday use.  

Four different sequences have been defined in order to describe a general architecture that can 
be used to accomplish creative seamless interaction between media technologies and physical objects. 
The first process in figure 2 will be used to register a physical object into the system. Each object, to be 
able to be used by the system, need to have a digital entity representing it. The digital device will create 
data about the object and store it into a database. Once registered, the object will be able to be used as 
part of the three following process. 
 

 
Figure 1: Register Object sequence diagram 

 
Once the object is part of the system, this system will interact in a way that the object will be 

used for another purpose as well as its regular purpose (figure 3). In order to do that, sensors will detect 
that an object is in use. The digital device will detect and identify this specific object and will request 
the data registered for this object to the database. Thanks to those data, the digital device will calculate 
the logic associate to the use of this object. The user will be aware of the process by seeing the result of 
the expected result related to this object. 
 

 
Figure 2: Use of an object sequence diagram 

 
It is possible that the user will be willing to change the data registered for an object. In figure 

4, the process of replacing a digital property is described. An object will be able to have properties 
under certain conditions. If those conditions are met, the data will be modified inside the database, it 
not, the user will be warned and the changes will not occur. 

 



 
Figure 3: Edit object sequence diagram 

 
Finally, it will be possible to remove an object from the database (figure 5). As physical 

objects can be broken and/or replaced, it is necessary to have this kind of possibility. By using the same 
pattern as before, the object will be removed from the database thanks to the digital device. Once done, 
this same digital device will alert the user and the database will no longer have data on this object. 

 

 
Figure 4: Remove an object sequence diagram 

	  
 The ample research done on potential technologies, design concepts and tangible interfacing 
in general has lead us to come up with the above requirements and basic architecture. Together these 
requirements create a framework for tangible computational interactions with everyday objects and 
tools. This system could be implemented in many different domains. However, it is intended to be 
customizable and effective for use with any common physical object. The requirements and functions 
can be implemented with a variety of different technologies.   
 
Future Work  
 

The next step in our research is to determine the most ideal technologies to use while creating 
a prototype. After a prototype has been created we must test the effectiveness of both the technologies 
and the overall ubiquitous and haptic design of the system. We should continue to analyze 
technological advances in order to have the most effective technologies for integrating with our 
requirements. By conducting tests with prototypes we should be able to further define the framework 
and create a fully functional ubiquitous system that can be applied to any situation where computing 
can be used to enhance the effectiveness of physical tasks and activities. We will continue to define the 
framework and the refine the main functions of our proposed systems.  
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A comparison between QR-Code and NFC-based physical interaction
with mobile devices
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Abstract— This paper describes the prototype and usability
test of a digital application responding to physical objects
being tagged by Quick Response (QR)-Code and Near Field
Communication (NFC) developed as part of a Master Thesis
in Linnaeus University. The final project aims at developing an
application for speech therapists that allows them to use their
already existing material by adding digital content to them.
This work was designed to select a technology suitable for this
project. The bar code and NFC technologies were analyzed,
and a prototype developed following a user-centered approach
to determine which technology would be the most suitable for
the interaction between the physical and digital world.

I. INTRODUCTION

Mobile devices nowadays are using a number of wire-
less technologies such as Wi-Fi, Bluetooth, infrared, Radio
Frequency Identification (RFID) to communicate and also
receive data from other devices. Depending on the situation,
different technologies have advantages and inconveniences
such as the line of sight for the infrared, the range for the
RFID, especially for the Near Field Communication (NFC),
or the interference for the Wi-Fi and Bluetooth. People have
as well preferences for the type of interaction depending if
they are close to the object or not [1]. Wi-Fi and Bluetooth
are great technology when a user wants to interact with
another device that is out of sight or reach. However, they
are less intuitive for users since it is not based on a daily life
interaction (looking for an invisible signal) such as pressing
a button or flipping a switch. Reciprocally, the RFID-based
interactions are directed by a sense of ”touch”. Used for bus
cards, door keys or other identification cards, the RFID-based
technology is common and used naturally by many.

The video camera is as well something really common
for people, and this technology is not something people
are afraid of. On the contrary, the number of photos taken
is increasing with the possibility of publishing them on a
specialized website such as Instagram. Taking a picture is
something people can do easily by looking at what they
want and press a button. The Quick Response code (QR-
code) is one of the bar codes that can be easily read on
smartphones due to the number of application reading them
on any operating system.

With the release of the iPhone6 in 2014, the main op-
erating systems on mobile devices, including Android and
Windows Phone, are able to use the NFC technology and are
all equipped with a camera. In order to interact with physical

objects anywhere using wireless technology, the choice of the
smartphone or the tablet as a mobile device is a good choice.

Technologies such as NFC and bar codes fit in the cat-
egories of wireless technologies for mobile devices. Both
known by the public, those technologies are suitable to allow
people to interact with physical objects and trigger a digital
response.

This paper is part of an ongoing project that aims to
develop a tool for speech and language therapists, which
will allow them to give digital property to their already
owned physical material. Those objects, part of their work
with patients, are used at the moment in association with
notebooks for them to take notes on the ongoing activity.
This tool aims to provide a way to keep track of the activity
of their patients and focus more on them rather than the
note taking activity. In this paper, a first prototype was built
to determine which technology would be the most suitable
to allow an interaction between physical objects and mobile
devices. The two technologies selected for this work are the
bar code and the Near Field Communication.

Bar codes are present everywhere, and the most common
one is the Universal Product Code (UPC), a one-dimensional
bar code, present in almost every product sold. Other types
of bar code exist such as the QR-code, which is two dimen-
sional. The QR code technology will allow 4000 characters
to be imprinted into it. This number of character is enough
to support a personalized ID that identify a physical object.

NFC is a specific RFID technology that works on the 13,56
MHz frequency. The range of the NFC is limited to few
centimeters and can be considered as a touch interaction.
The MIFARE 1K tag can contain 1Mo of data, which is
enough space to support the same kind of personalized ID
as the one in the QR-Code.

Two different versions of the prototype were developed,
one interacting with bar codes and one with NFC, in order
to compare the two approaches. This study follows a user-
centered approach that allowed the tool to evolve based on
feedback provided by a panel of users. Finally, based on
the data gathered during the study, an analysis on the two
technologies is made to determine if one of the two are more
suitable to allow interaction between physical objects and
digital content.



II. RELATED WORK
A. NFC and RFID interaction

Systems and applications have been developed since the
2000 ([1][5]) to tackle this problematic of having a bridge
between the physical objects and digital devices. Several
technologies were tested to see what scenario would fit the
best each of them. Thomas Pederson developed a system
named Magic Touch[4] that uses the RFID technology
to register and locate physical objects thanks to a RFID
reader/writer that is placed on the user. The goal of his
work was to provide a way to support the organization of
physical space using a digital database storing the position
of the tagged physical objects. This study is using the same
principals as Pederson in terms of tagging physical objects
to interact with them. According to him, a range of 5 to 10
centimeters is acceptable in terms of detection.

Chen Longbio et.al. studied the interaction between phys-
ical space and cyberspace using NFC ([3], [7]), and used
smartphones to control element in the house. They as well
use this technology to interact between smartphones to
exchange information and media between them. NFC MoLS
is a mobiquitous learning system developed by Soon Nyean
Cheong et.al.[6] that explores the use of NFC technology
in a home learning environment using touch-driven interac-
tion. They concluded that this kind of interaction using a
mobile device and the NFC technology was fast, intuitive
and convenient to use. The learning context combined to
the attribution of digital content of physical objects already
owned by the user is the basis of this work. This study is
going further than [3] and [7] by tagging regular object and
not only tool that can interact with the mobile device itself,
and will do more than providing information about a content
like in [6]. Instead, the prototype will use the digital content
of the physical objects to interact and trigger functionalities
within the application.

B. Bar code interaction

QR codes are physically compact and can be printed of
paper, making them a cheap way of personalizing physical
objects. They can contain up to 4,296 alphanumeric charac-
ters and be read at very high speeds [9]. They are nowadays
accepted by the public and largely used in some countries
like Japan, where it was invented.

In [8], Jeff Hsu et.al. propose a system based on QR-codes
to obtain data about electricity consumption in environments
and on objects in a building. The tag is a way of accessing
specific content of the database for a specific object. Anyone
is able to create a tag and fill in the information about an
object or environment.

III. APPLICATION’S IMPLEMENTATION
The hardware and software elements used during this

project are listed below:
• a smartphone (Samsung Galaxy S3 mini) equipped with

a NFC reader/writer chip.
• 100 QR-Codes and 100 NFC MIFARE cards with a

personalized ID written in them.

Fig. 1. Interface design of the application

• an Android application (QR-Code Math) installed into
the phone in order to allow the user to interact with the
QR-Codes.

• an Android application (NFC Math) installed into the
phone in order to allow the user to interact with the
NFC tags.

The two applications work separately and are designed in
the same way to offer the user the same experience in terms
of interface. Each application is recording every step done
by the user and storing internally into logs.

A. QR-Code application

The scanning process is different depending on the tech-
nology used. When the NFC requires nothing more than
placing the tag on the back of the phone, the QR Code needs
to have the camera on to be able to scan the tag. Figure 1
shows on the bottom of the phone screen the Scan button.
This button is only present in the QR Code prototype and is
triggering the camera in order to scan the tag. The QR Code
reader is made using a third part application as an API called
Zxing. This application is a standalone application to read
any type of bar codes. It offers the possibility to use it inside
another application by sending a request to this application,
getting the result of the reading in order to have the third
party application transmitting it to the current application.

B. NFC application

The NFC solution offers a more device-free experience for
the user since no button needs to be pressed. The user needs
to place the NFC tag close to the phone, few centimeters, to
trigger the interaction. Thus, the scan button present of the
QR-Code prototype is not needed and has been removed.
Android provides solutions to read and write NFC tags, and
no third part application is needed.

IV. USABILITY ANALYSIS

In this section, the tools and the material used for the user
study is presented. In this study, different documents and ma-
terials were used such as a background questionnaire, a case
study using the prototype built and another questionnaire
used after the study to gather more data on the participant’s
feelings about the project. The user test methodology was
inspired by the book ”Handbook of usability testing” [2].

The main focus of this study was to discover the percep-
tion of the user toward the ease of use (is the system allows
the user to perform simple action?) , the efficiency (does it



Characteristics Number of participants
Participant type

Regular 20
Backup 2

Total number of participant 20
Smartphone usage

Do not own a smartphone 2
Mainly using for calls and texts 8

Access Social Networks 8
Professional usage (mail, calendar...) 2

Gender
Male 9

Female 11

TABLE I
USER CHARACTERISTICS REQUIRED FOR THE USER STUDY

take a lot of effort to perform the task?) and the efficiency
(is the action simple enough to be repetitive).

As the development of these applications is user-oriented,
a user study with 20 users was conducted. The testing
method and material were developed following the principals
described by Rubin and Chrisnell [2].

The users selected were people from different background,
students for the main part. Table I summarize the type of user
who participated in the study.

On the 20 users, 19 knew the bar code technology com-
pared to the 8 who knew the NFC technology. However, 19
of them already used the NFC technology like an access card,
when 16 of them scanned a bar code by themselves before.
It is interesting to see that people are using daily technology
they do not necessary know.

The scenario chosen for the user study is a simple math-
ematical problem for the participants to solve. Using the
QR-codes and the NFC tags, the participants were asked
to reach a randomly chosen number using numbers from
1 to 10 and three different operators, the addition, the
subtraction and the multiplication. This scenario was chosen
to allow the participant to focus on the prototype rather
than the exercise itself. Thus, the exercise itself was kept
as simple as possible, by asking the participants to reach a
number comprises between 1 and 500. Once per session, the
participant was asked to perform this exercise without using
a specific number in order to see if the prototype could be
an obstacle to the exercise itself in more stressful situation.

Each session was individual and was recorded using a
video camera that was recording the user interactions with
the application and the physical objects. The users were
aware of the camera and what it was recording. A log system
was as well implemented to record every action made on the
application for further analysis. Furthermore, the users were
encouraged to speak aloud and describe their actions and
reactions while using the prototype.

Each participant used both technologies to perform the
same task. As the task itself did not matter, a simple
mathematical exercise was selected and integrated into the
application. The participants had to use physical objects that
can be scanned with the mobile device to achieve a random
goal determine by the application. In order to receive data

on the prototype and the interactions and not on the exercise
itself, the subject of sequential mathematics calculus using
numbers from 1 to 10 and three basic operations, plus, minus
and multiply, was chosen. As well, the random goal will be
limited from 1 to 500, which would allow the user to solve
this operation with the system in less than 10 steps. The
participant started with a smartphone where the application
was installed and running. The participants were asked to
calculate a number generated randomly by the application by
using physical cards representing numbers and mathematical
symbols. The cards were equipped with both QR-Code and
NFC tags.

A. QR-Code prototype analysis

1) The ease of use for the QR-code prototype: Most of
the user thought that the QR-code prototype was easy to use
(53%), but some of them thought it was fairly difficult (20%).
The fact that people had to point the camera perpendicularly
to the tag was one of the main issues, and they thought
the scanning could be confusing sometimes due to the time
required to scan the QR-code. A cultural difference occurred
with the QR-code with some Japanese people, who are used
to QR-code and are using them daily in Japan. It was natural
for them to use those tags.

2) The response time of scanning a QR-code in this
system: 43% of the participant said that the system was fast
enough with QR-code technology. 25% of the participant
thought that, on the contrary, the system was too slow.
The main issue was the focus time of the camera on the
QR-code, and the fact that they had to press a button to
activate the camera. Having to scan multiple objects would
be troublesome for some people.

3) Efficiency of using QR-code for this task: 39% of the
participant thought that QR-code was an efficient technology
to perform the task required during the user test. 10% of the
participant thought otherwise and did find it not efficient.
Mainly the response time was the problem, and people were
comparing a lot to the NFC response time. By analyzing the
comments, QR-code is an efficient technology to perform the
task, but it is less user friendly.

B. NFC prototype analysis

1) The ease of use of the NFC prototype: 85% of the
participant did find easy to scan NFC tags during the test.
Most people mentioned that it was fast and easy to use as
well as reliable. The 15% of the people who did not find it
easy to use were actually trying to scan the top tag of a pile,
which was actually causing interference and did not trigger
the scanning since the application could not identify which
tag should be scanned.

2) The response time of scanning a NFC tag in this
system: Again here, 85% of the participant said that the
response time of the prototype using NFC tags was fast
enough. The people who were less inclined to say that the
response time was fast were the people who had trouble
scanning the tags.



3) Efficiency of using NFC for this task: 90% of the
participant thought that NFC technology was providing an
efficient way of using the prototype. The rest of the par-
ticipant who did find this technology not efficient for the
tasks were as well the people who had trouble using this
technology. Some people mentioned the need to be organized
to use efficiently the prototype.

4) Longer detection range: The participants were split
on this question. Some people thought it would be more
efficient for children and people with disability or even to
fasten the process of scanning the tag, but most of them
were worried about scanning a tag by mistake with a longer
detection range.

C. Comparison between QR-Code and NFC

Most of the people would feel more efficient using the
NFC technology (80%) and as well felt more comfortable
using the NFC technology (76%). The people who thought
they were more efficient with the QR-code technology were
the people who used it before extensively and did not use
NFC before. As for the comfort of use, the people who
preferred QR-code technology admitted that they would
prefer NFC after getting used to it, since they used QR-code
technology extensively before.

D. Observations and modifications

Some observations were made by users that directly influ-
enced the development of the next step of the prototype.

Observation 1:
The phone is scanning another QR-Code when we
trigger the camera. This happens when participants
are pressing the button and direct the camera toward
the selected QR-Code, and it picks up another tag
in the area.

Modification 1:
The prototype should select a tag only when the
user is ready. Another trigger should be imple-
mented after the user has placed the camera on the
right QR-Code.

Observation 2:
The back button is pressed on the phone by mistake,
and it shuts down the application, resetting the
exercise and not saving the progress.

Modification 2:
The application should not reset the ongoing exer-
cise if the user wishes to do something else on the
mobile device.

Observation 3:
We were trying to interact with the NFC card and
had trouble to know where we should but the phone
to interact with the physical object.

Modification 3:
All the material should be intuitively usable. A
symbol may be used in the next prototype to inform
the user where to scan the tag, for example, a
NFC symbol in the middle of the tag. A tutorial

on how to use the technology should be as well
implemented.

Observation 4:
Users scanning a second time a tag were not sure if
the interaction occurred and therefor tried to scan
another time the tag, disturbing the overall exercise.

Modification 4:
The interface should procure the user a clear in-
terface showing what interaction occurred and in
which way it influenced the activity.

This study was used to define requirements for the next
step of the project. They are focused on user interface and
interactions with the physical objects and are listed bellow:

• User Interface
– provide an easy to use interface that does not

distract the user from the task
– provide an easy to read interface

• Mobility
– allow the user to use the application in any location
– allow the user to personalize its physical space

• Feedback
– provide feedback for the user based on previous

interactions with the application
– provide direct feedback to the user in the appli-

cation concerning the interaction with the physical
objects

• Personalization
– allow the user to define the digital properties of a

physical object.

V. CONCLUSIONS

In this study, two prototypes using the QR-code tech-
nology and the NFC technology were compared in order
to determine which of the two were the most suitable
to allow interaction between physical objects and mobile
devices. A simple mathematical problem was offered to the
20 participants who engaged in the user test. They used
alternatively the QR-code prototype and the NFC prototype
to give feedback on which technology would be the most
suitable based on the following criteria: ease of use, response
time and efficiency. As a result, the NFC technology seems
to be the best choice to interact with personalized physical
objects and mobile devices. However, the NFC technology
seems to require a short adaptation time in order to be used
at its full potential by the users, where the QR-code is easier
thanks to the experience of most users to take pictures with
their mobile devices. The results of this study will help define
requirements for the next step of the project, which is the
creation of a tool for speech and language therapists that will
help them in their daily session with patients using their own
material.
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