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Introduction

Overview

Nowadays, the world is brimming with interactive technologies that enable an in-
creasing number of different activities. In particular, by studying who is going to
use a certain interactive technology, how they are going to use it and where will
it be used, professionals in the field of Human-Computer Interaction develop new
ways to support users in everyday tasks, such as instant communications, ubiquitous
entertainment, remote healthcare support, among others.

Progress in Human-Computer Interaction (HCI) has contributed to the improve-
ment of accessibility of interactive applications, leading to the concepts of unvier-
sal access and design for all (according to Stephanidis in [62]), which transcend
the traditional view of accessibility and usability (i.e., often product-centered and
environment-centered). In fact, ongoing research on accessibility focuses on human-
centered design and interaction. Today, researchers recognize that being able to
use information technologies effectively affects deeply the life quality of users and
the people around them. This is especially true for people with disabilities who
depend on digital interfaces for communicating, learning and even having fun; and
for the caregivers that support those disabled persons daily. Therefore, the study
and development of assistive technologies becomes essential in our modern informa-
tion society, as these empower persons with disabilities with software and hardware
solutions that allow them to overcome their conditions of disadvantage in order to
access information systems for different purposes, which range from entertainment
to access to healthcare services.

Although giving a definition of disability is not an easy task, the World Health
Organization (WHO) defines1 it as “an umbrella term, covering impairments, activ-
ity limitations, and participation restrictions. An impairment is a problem in body
function or structure; an activity limitation is a difficulty encountered by an indi-
vidual in executing a task or action; while a participation restriction is a problem
experienced by an individual in involvement in life situations.” Therefore, living

1http://www.who.int/topics/disabilities/en/ (last visited on April 8th, 2016)
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with disabilities is not an illness nor a health problem. It is a complex experience
that reflects the interaction between the unique characteristics of a person’s body
and mind with the environment in which she lives and the people around her.

Accessible human computer interaction, as presented in [17] refers to the study
of interactive technologies, digital interfaces and information systems designed and
developed with universal accessibility in mind. This enables persons with different
levels of ability to share the same experience (e.g., a game, a lesson or simply a
conversation) with others at the same time, while adopting their own preferred in-
put/output mechanisms. In the particular case of gaming, research on accessible
human computer interaction aims at developing interfaces and input/output de-
vices that allow disabled players to access video games, giving them the opportunity
to enjoy games similar to those that their normally developing peers usually play.
Brain computer interfaces (BCI) or eye-tracking interfaces are examples of alterna-
tive interaction modalities that allow players to control game objects through novel
hardware, when traditional input devices such as the mouse or the keyboard, pre-
vent them from accessing gaming devices. Other solutions that do not use additional
hardware, exploit novel software solutions to offer accessible interfaces to those with
impairments; a famous example of this type of accessible solution is apple’s iOS
Switch Control2, that allow iOS users to use their devices with just single switches.

Similarly, as universal accessibility takes into account the environment and the
people that comes in contact with the disabled persons, some research in the field
of accessible HCI aims at supporting the former while they take care of the latter.
Ambient assisted living (AAL) technologies, wearable/mobile interfaces and IoT
systems have been integrated for supporting persons in dependency conditions, such
as the elderly or people with severe disabilities, in their own homes and in structured
environments such as hospitals. Now, healthcare support systems are also being
researched as useful tools for caregivers in new contexts such as nursing homes.

Motivation

Accessible Human Computer Interaction is a very wide area of study, which covers
many topics and addresses several interesting problems; but there is a common goal
that researchers of this field usually share: to use technology for improving the
quality of life of persons with disabilities. In fact, this thesis stems from the will
of helping persons with disabilities in different moments of their lives (i.e., during
their childhood and in their adult age), by using different interactive technologies.

In particular, this document explores two challenges: first, the problem that
children with motor disabilities face as they cannot access dynamic video games as
their normally developing peers do, leading them to reduced participation at leisure

2https://support.apple.com/en-us/HT201370 (last visited on April 8th 2016)
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and playful educational activities, and finally to a potential social exclusion. The
second challenge is faced by professional caregivers that work with adults motor
and cognitively disabled, within assisted living facilities. Such caregivers need to
effectively monitor the people under their care, as well as to be alerted of potentially
hazardous situations that happen to these persons while they are alone.

Currently, both problems have been very little explored in literature: the total
number of scientific papers related to accessible gaming found in the ACM Digital
Library was as low as 155, which was further reduced to 22 when the results were
filtered out to ignore those related to visual and hearing disabilities, keeping those
related to motor and cognitive disabilities3. Similarly, few studies focus on how to
support caregivers in assisted living facilities for people with severe disabilities, since
research in the field has mainly focused on two topics: how to improve the quality
of life of patients in their own houses, and how to support doctors and nurses within
hospitals in the specific tasks their jobs entail.

Finally, the research presented throughout this document is also motivated by
the hope of contributing to fill the gap that still exists between the know-how of
engineers and the HCI community, and the knowledge and experience of healthcare
professionals, such as speech therapists and caregivers.

Contribution

It is clear that there are many possible ways to improve the quality of life of persons
with motor and/or cognitive disabilities. It can be accomplished by enhancing their
communication possibilities, their participation and social inclusion, their access
to education or their chances to have fun. Likewise, the life quality of persons
with disabilities can be improved indirectly, by aiming at supporting the people
that surround them (such as family and caregivers) or by aiming at adapting their
environment.

The objective of this thesis is to contribute to the improvement of the quality of
life of persons with motor and cognitive disabilities, by supporting them in specific
situations through different moments of their lives: in their childhood, by allowing
them to play dynamic video games; and in their adulthood while they live and are
cared by caregivers in assisted living facilities. Moreover, the research presented
in this document constitutes a potentially valuable contribution to bring together
the technical capabilities of engineers and HCI researchers, with the experience and
knowledge of healthcare professionals that work daily with persons with disabilities.

3The search was made on November 11, 2015 with the following query: ((NOT(deaf)

ANDNOT(blind))AND(((videogames)OR(videogames))AND((accessible)OR(accessibility)

)AND((chil-dren)OR(kids))AND((disabilities)OR(disabled)OR(impairments)

OR(impaired))AND(motor)))

3



The results reported in this document are relevant for the accessible human com-
puter interaction community as they comprise substantial advancements in the fields
of accessible gaming and ambient assisted living. In particular, this research presents
the first software framework that allows to create dynamic one-switch video games
and the playability results of a series of video games based on such a framework.
Similarly, the second part of this research presents an useful set of design guidelines
for developing healthcare support systems for caregivers that work in assisted living
facilities.

The main specific contributions achieved by this research are:

� The GNomon framework: a software framework that enables to make dy-
namic one-switch video games. This framework was designed in collaboration
with a team of expert speech therapists and it was evaluated with 8 children
with severe motor disabilities through a series of tests.

� The GNomon-based mini games: three original video games playable
with just a single switch (without extra hardware), with different degrees of
difficulty, which allow children with disabilities to freely select game objects
from the screen without scanning. One of the games is a completely dynamic
one-switch video game.

� Three interchangeable GNomon widgets: trhee interchangeable usability-
tested widgets for the GNomon framework (a clock, a bar and a ball) based
on different concepts according to the Griffiths Mental Development Scales.

� Ten design guidelines for healthcare support systems: These guidelines
stem from a series of structured interviews with professional caregivers and
they are especially derived for developing systems to support caregivers within
assisted living facilities for persons with disabilities.

� A prototype healthcare support system: The design of this prototype,
based on the elicited guidelines, exploits wearbale devices as well as intelligent
environments, to support caregivers working inside assisted living facilities.

Organization

This thesis is organized in two parts: the first part covers the body of research related
to accessible video games for children with motor disabilities, while the second part
reports the work carried out related to assisted living for persons with disabilities
and their caregivers. The remainder of this document is organized as follows:

4



Video Games for Children with Severe Motor Disabilities

� Chapter 1 presents the motivation behind this fascinating research as well
as the relevant background to better understand the field of accessible video
games for children with severe motor disabilities. In addition, a review of
several freely available one-switch video games is reported.

� Chapter 2 describes the design and development of GNomon: a framework
for developing dynamic one-switch video games. In particular, this chapter
reports the main aspects of the interaction modality NOMON, which is at
the base of the GNomon framework operation; it presents the design of the
GNomon framework and it describes its implementation.

� Chapter 3 presents three GNomon-based video games and its design consid-
erations. The games presented are: One-Switch Demo, One-Switch Ladybugs
and One-Switch Invaders.

� Chapter 4 reports the results of the playability evaluation and the assessment
of the rehabilitative potential of the GNomon-based games.

� Chapter 5 explores three alternative GNomon widgets for the framework: a
clock, a bar and ball.

� Chapter 6 summarizes the main conclusions of this research and suggests
how can other researchers can make use of this work. Moreover, a study
that builds on top of this research, opening new lines of work in the area of
accessible multiplayer games, is also presented.

Assisted Living for Persons with Disabilities

� Chapter 7 describes the motivation behind this interesting research and pro-
vides the needed background to understand the current situation in the world
of assisted living for persons in dependency conditions.

� Chapter 8 presents a comprehensive user study aiming at understanding the
needs and concerns that caregivers have while they take care of persons with
disabilities within assisted living facilities. The study was conducted with a
total of 30 caregivers in three different facilities for persons with physical and
cognitive disabilities in Northern Italy.

� Chapter 9 reports the results of the user study presented in the previous
chapter and offers ten guidelines for designing systems that could effectively
support caregivers in their daily tasks within assisted living facilities for per-
sons with disabilities.

5



� Chapter 10 proposes a general design for a prototype healthcare support
system, based on some of the guidelines reported in the previous chapter.
Although such a prototype was not deployed nor evaluated, its feasibility was
confirmed in-lab and its user acceptance was qualitatively explored with a
group of 8 professional caregivers through a questionnaire.

� Chapter 11 reports the main conclusions of this part of the research and
suggests how can other researchers make use of this work. Moreover, a new
research, which already has stemmed upon this study is presented.

6



Part I

Video Games for Children with
Severe Motor Disabilities





Chapter 1

Motivation and Background

Determining what is and what is not a disability is not easy. Every disabled per-
son is different. As already stated, the World Health Organization (WHO) defines
“disabilities” as an umbrella term, which covers impairments, activity limitations,
and participation restrictions. Moreover, according to the world report on disability
of 2011 (see [5]), about 15% of the world’s population lives with some form of dis-
ability, of whom 2-4% experience significant difficulties in functioning. People with
disabilities may have different types of impairments, which range from moderate,
severe and profound, which are often classified as follows:

� Physical: anything that limits the physical function of limbs or fine/gross
motor capabilities.

� Sensorial: an impairment of one of the senses such as vision or hearing impair-
ment.

� Cognitive: characterized for an impaired intellectual and adaptive behaviors
that affect everyday life.

Persons with disabilities often grow up needing special support and services at
home provided by their families or their caregivers, assitive technology that helps
them to be more independent (i.e., wheelchairs or digital communicators), accessible
public transport and buildings, among others. Nevertheless, they also need the same
things that everyone else: ways to communicate and get information, opportunities
for socialization with their peers, participation in public and popular culture, access
to education and sources of entertainment and fun for a healthy and happy life.
Things that children usually accomplish by playing games.

In fact, playing games is an essential skill during childhood [71] as it promotes
the development of cognitive, motivational, emotional and social competences. In
recent years, video games have become the most popular type of games (see the

9



1 – Motivation and Background

United States [38] and Europe [45] statistics, respectively) and they are already an
integral part of contemporary culture: in fact, as pointed out by [26], every single
child was born into a world where video games are simply a fact of life. Modern
video games offer interactive and engaging experiences through sophisticated inter-
faces and dynamic game mechanics mainly for entertainment, but they also have
the potential to be powerful tools for supporting healthcare related processes (e.g.,
rehabilitation) or educational activities, as reported by [64].

However, many children with disabilities1 do not have the sensorial, cognitive
or motor skills for accessing off-the-shelf video games. These children encounter
several obstacles that preclude them from having fun in their free time, learning
in more stimulating ways or participating in interactive rehabilitation therapies.
In particular, children with motor disabilities often lack the ability to use standard
input devices such as keyboard, mouse or game controllers, and thus they are usually
excluded from playing video games similar to those played by their peers. Moreover,
children with severe motor disabilities that rely just on the use of single switches for
interacting with electronic devices, find dynamic video games completely unplayable.

The interaction offered by the use of a single switch (a.k.a. one-switch interac-
tion) is not suitable for playing dynamic video games because these are fast-paced
games that require rapid decision-making and timely responses from the player in
order to provide a satisfying experience; on the contrary, common one-switch inter-
action methods, such as scanning, are very slow [60] as they are not intended for
time-dependent tasks or rapid decision-making processes. In particular, scanning is
not suitable for interacting with dynamic video games as it requires the selectable
elements to be stationary in rigid layouts, it takes time to be operated and it de-
fines a fixed scanning order that cannot change automatically (i.e., without the user
awareness). On the other hand, dynamic games are characterized by the presence
of elements that can move around the screen and offer complex visual scenes which
can change quickly at any time. As a result, one-switch users are usually limited to
static, time independent, and barely interactive games.

The motivation for this study derives from the clear and still unmet need of
dynamic video games, playable by children with severe motor disabilities that rely
on the use of a single switch (i.e., the target children). Not only they want to
play games similar to those played by their peers without disabilities, as found by
Hernandez et al. in a year-long participatory study [42]; but it has also been shown
(e.g., by [39] or [15]) that complex training environments such as video games,
specifically dynamic or action ones, produce learning that transfers well beyond the
training task.

1Living with disabilities is a complex multidimensional experience difficult to evaluate or to
measure, nonetheless UNICEF [66] estimates that the 5.1% and 0.7% of children (aged 0 to 14)
worldwide live with “moderate to severe disabilities” and “severe disabilities”, respectively.
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The objective of this first part of the thesis is to investigate whether it is pos-
sible to create dynamic one-switch video games that are playable and also suitable
to be used in speech therapy with children with severe motor disabilities. For this
purpose, a research structured in five phases was conducted. First, the design and
development of GNomon: a software framework, based on the NOMON [24] mode
of interaction, which allows to create dynamic one-switch video games. Second,
three one-switch video games were created with different levels of difficulty, based
on GNomon. Third, it was conducted a study for evaluating the playability of
GNomon-based games through the assessment of the following properties: learn-
ability, effectiveness, satisfaction, errors, memorability and percieved fun, by means
of a two-session test. In the fourth phase of the research, a study for evaluating the
potential of the GNomon-based games as useful tools for rehabilitation was carried
out, by means of a focus group conducted with a team of speech therapists and
psychologists from one of the Local Health Agencies in Turin, Italy. Finally, in
the last phase of this research, and considering the results obtained by the children
during the playability and rehabilitative suitability studies (especially by those chil-
dren with additional cognitive difficulties), two alternative widgets for the GNomon
framework were developed: a bar and a ball, to evaluate their usability along with
that of the original clock widget.

In particular, this chapter presents relevant background useful to better under-
stand the sections to come. First, it is presented the state of the art in the field of
accessible video games for children with severe motor disabilities. In particular dif-
ferent modes of selection that allow these children to interact with video games are
reported, which are based on direct selection and one-switch scanning. Moreover,
a review of several freely available one-switch video games divided in three main
categories is provided: cause/effect games, scanning based games and click timing
games.

Accessible Video Games for Children with Severe

Motor Disabilities

Before designing and developing an accessible video game for children with severe
disabilities, it is important to understand the state of the art of accessible interfaces
as well as to know which type of these accessible video games are already available.
Therefore, a literature review was conducted with a two-fold objective: first, to
define the current situation of accessible video gaming, including available games as
well as evaluations of such games with real users; and second, to understand the type
of interaction modalities that are used nowadays to allow players with disabilities
to interact with video games.
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1 – Motivation and Background

The inclusion criteria (OR inclusive) for the related works throughout this sec-
tion, were the following:

� Documents that present useful guidelines for the design and development of
accessible interfaces for people with severe motor disabilities.

� Documents related to accessible games for persons with motor disabilities.

� Documents that describe an accessible game design.

� Documents that summarize available interactive technologies related to acces-
sible gaming and entertainment.

� Documents that report evaluation of accessible games with real users.

Other sources of information, useful during the development of this research,
were some game accessibility guidelines such as Includification: a practical guide
to game accessibility by the AbleGamers foundation [6]. This report gives tips to
developers abut how to improve the accessibility of their games. Similarly, the in-
ternational game developers association (IGDA) has published a list of guidelines,
inspired on the Special Effect’s2 Game Accessibility Wish List which is available
at [2] that suggests ten easy-to-implement steps for making almost any video game
more accessible. Even Microsoft, with its accessible technology group, has addressed
game developers through the online article Making Video Games Accessible: Busi-
ness Justifications and Design Considerations [3], in which it is explained to the
developers who want to reach the accessibility community market how to design
basic accessibility features for people with vision, hearing, speech, mobility and
cognitive disabilities.

From the available literature, guidelines and actual video games currently avail-
able, it arises that the accessibility features of a video game are usually divided
according to the classification of the types of disabilities reported before. Therefore,
as this research focuses on children with severe motor disabilities, the literature re-
view was narrowed further to the material that concerns people with physical or
motor disabilities. In particular, to people that live with severe motor disabilities
caused by traumatic injuries (e.g., spinal cord injury), diseases (e.g., Lou Gehrig’s
disease) or congenital conditions (e.g., cerebral palsy or spinal muscular atrophy),
which usually interact with computers using assistive direct selection or using scan-
ning interfaces.

One one hand, assisitive direct selection refers to the action of somehow pointing
(e.g., with the head or with the gaze) or naming (e.g., voice-based selection) any de-
sired item for selecting it. This is especially important for disabled users, as it allows

2http://www.specialeffect.org.uk (last visited on April 8th 2016)
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them to interact with electronic devices hands-free, giving them the opportunity to
successfully communicate, read, or play.

Playing, which is one of the most important activities for a child, can be done
through eye-gaze interaction or voice-based commands, depending on the residual
capabilities of each player. Eye-gaze interfaces support levels of interaction simi-
lar to those required by traditional dynamic video games, according to the study
presented in [69], in which the results obtained with a group of young people with
cerebral palsy and muscular dystrophy showed that eye-gaze interfaces help play-
ers to significantly improve their in-game characters control. Similarly, this kind
of interaction supports other playful activities enjoyable by children (besides game
playing), such as drawing. In [44], Hornof and Cavender present EyeDraw, a soft-
ware program that allow children with severe motor impairments to draw with their
eyes by just moving them. Likewise, in [68], Van der Kamp and Sundstedt propose
a combination of gaze and voice commands for interacting with a paint style pro-
gram. In their proposed application voice commands are used to activate drawing,
allowing gaze to be used to move the cursor. Applications that use voice input to
control the cursor movement for navigation and selection, two fundamental tasks
for playing video games, are being demonstrated to be a powerful alternative for
persons with motor impairments that still can speak out loud. Finally, Harada et
al. report in [40] the encouraging results of a longitudinal study in which 5 persons
with motor disabilities learned to use efficiently a vocal joystick after just 2.5 weeks,
which can be used for playing or general communication purposes.

On the other hand, scanning allows the indirect selection of one element from
the screen. The desired element can be selected by activating a switch when an
indicator is highlighting it (for a short amount of time), and before it highlights
the next element in sequence. Figure 1.1 illustrates a very simple scanning-based
interface for writing. It can be seen a red square indicator signaling to the user that
if she activates the switch in that moment, the selection will be the the letter “D”.

There are several scanning patterns and several scanning control techniques.
The patterns are the layouts in which the selectable elements are arranged to be
sequentially highlighted (in a predictable way) for selection; these can be linear,
by blocks or hierarchical. The scanning control technique refers to the mode in
which an indicator highlights the different choices from the arrangement. The most
popular one-switch control technique is automatic5, in which the indicator moves
automatically, highlighting the selectable elements and waiting a short time (i.e.,
scanning delay) on each of them for an input to occur. Such an input is usually the
activation of a single switch, which consists in just a “click” with timing information
(i.e., the moment of the click, not its duration). The element that gets selected is
the one currently highlighted when the input event occurs. Moreover, this control

5Throughout this document scanning and automatic scanning will be interchangeable concepts.
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1 – Motivation and Background

Figure 1.1. The figure shows a scanning interface for writing with the
letter “D” highlighted as the next possible selection. If the user activates
the switch, she will select it, otherwise the scanning indicator will skip to
the next letter: “F”. Image adapted from The Grid 2 interface4.

technique can be inverse, in which the selectable elements are highlighted while the
user holds down the switch and the selection takes place when the switch is released.

Although scanning is considered slower and more cognitively taxing than di-
rect selection, it generally consists of a much simpler and inexpensive set up and it
requires considerably less motor control to be used efficiently (see [13] for more de-
tails about scanning as an interaction method). Thus, scanning interfaces operated
through single switches are very popular among children with physical disabilities
for communication purposes.

Over the years, much research effort concentrated on improving one-switch se-
lection mechanisms for enhancing the interaction capabilities of individuals with
severe motor disabilities of all ages. In the book of [19], the author discuss diverse
alternative access options to address complex communication needs, such as differ-
ent scanning control techniques. [13], instead, systematically compares three basic
modes of scanning (e.g., automatic, inverse and step) for supporting one-switch
interaction of people with cerebral palsy. Other studies, such as [63] and [34], fo-
cused on designing entire systems to provide one-switch users access to computer
applications, which is essential for participating in modern information society.

Recent research in accessible HCI has been interested in universally accessible
interfaces. See the early study by Stephanidis et al. presented in [61] for a definition
of Universal Accessibility and its application in the universally accessible and fully-
functional chess game presented in [31] and illustrated in figure 1.2. In particular,
research on universally accessible games (a concept first introduced by Grammenos
et al. in [37]) is improving the quality of life of many children with severe motor dis-
abilities, which used to experience social isolation, by supporting their participation
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in education and entertainment along with their normally developing peers. Simi-
larly, multiplayer games that balance for differences in player abilities are proving
their effectiveness in fostering social interaction of children with disabilities. See the
encouraging results of the ten-week home-based study presented in [41] with chil-
dren with cerebral palsy playing the multiplayer game Liberi, or refer to the novel
augmented reality computer game Powerball, designed to bring together children
with and without disabilities, presented in [23].

Figure 1.2. UA-Chess main user interface

In the last decade, novel input methods for empowering disabled users to interact
with electronic devices, such as brain computer interfaces (BCI) [58] and interfaces
such as CameraMouse [18], a free program that allows to control the mouse pointer
by moving the head, have been explored. Unfortunately, it is known that BCIs may
be less accurate (as any other interaction modality based on physiological signals)
than switch interfaces and tracking interfaces may require long times to be oper-
ated successfully, which is acceptable for navigation, text entry or menu selection,
contexts in which

� selection sets are large and the occurrence of having to repeat an input is low,

� selection sets are known and static,
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1 – Motivation and Background

� single elements can be arranged in fixed positions to enhance selection speed
and effectiveness,

� each element has a computable probability of being the next to be selected,
given the previous selections.

Consequently, when the alternative input methods or the traditional one-switch se-
lection mechanisms are utilized to enable children to interact with video games, the
resulting experience is often frustrating, trivial or static, as illustrated in the follow-
ing review of several free games (games listed in a popular non-profit website [32],
mainly). The criteria for including the games in the review was that they can be
freely played with just an affordable two-state single switch (without the need of
holding it down). We identified three major categories of one-switch video games
and the main barriers that prevent children to enjoy them:

1. Cause/Effect games. The goal on these simple games is to press the switch to
obtain some effects (e.g., when the switch is pressed, a football player kicks
a ball. These games are used to teach the children how to use the switch
and to associate it to a trigger for different actions. The downside of many
cause/effect games is the lack of interactiveness for cognitively able children
due to the fact that they cannot make any decision to affect the outcome of the
game, as the effect of pressing the switch at any time is completely random.
Figure 1.3 shows the “Penalty Game” [70] before the switch is activated, during
the activation action and at the end of the associated reaction.

Figure 1.3. Cause/Effect game “Penalty Game”.

2. Scanning based games. Most of the available one switch games (e.g., chess,
memory game, battleship, etc.) fall under this category. These are usually
more complex than cause/effect games as scanning allows to select more than
one element (or action) from an arrangement of options. However, it is not
possible to interact with video games that do not have a static arrangement
of selectable elements, a fixed scanning order and suitable game mechanics to
allow enough time to make any selection even after a complete scan. Figure 1.4
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shows the “Crazy Chicken” [53] game, in which the players have to drop eggs
into a basket when a chicken (the highlighting indicator of the scanning) passes
above it, while moving across different positions (selectable elements of the
scanning).

Figure 1.4. Scanning game. Crazy chicken game from “Shiny learning”.

3. Click timing games. This category of one switch games includes those in which
the player has to press the switch with high precision to perform an action in a
very specific moment. The problem with many of these games, such as Poto &
Cabenga [43] and Strange Attractors [57], is that they are not fully accessible
to children with severe motor disabilities because such games require a speed
and precision that these children often do not have. Figure 1.5 illustrates the
Poto & Cabenga game in which the player controls a running character which
has to jump in precise moments to score points and to avoid being eaten by a
monster.
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1 – Motivation and Background

Figure 1.5. Click timing game. Poto & Cabenga.
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Chapter 2

GNomon: Dynamic One-Switch
Video Games for Children with
Severe Disabilities

This Section presents the design and development of the GNomon software frame-
work. The main goal of GNomon is to provide the functionality needed for the
creation of video games that support dynamic and time-dependent game mechanics,
through the use of just a single switch. GNomon is based on the research conducted
by Broderick and MacKay, presented in [24], about NOMON: a novel single-switch
method for selecting any points on a two-dimensional computer screen. Therefore, a
general explanation of NOMON is reported here, since it is useful for understanding
operational aspects and design choices of the GNomon framework.

2.1 NOMON in a nutshell

NOMON is a one-switch mode of interaction that allows to select one element from
a set of elements without extra special hardware (e.g., expensive eye trackers) and
without requiring them to be arranged in any particular configuration or to be
stationary. It is characterized by a set of widgets in the form of small clocks, each
one appearing alongside one of many selectable elements. In Figure 2.1, a series
of NOMON clocks associated to numbered options all over the screen is presented.
Every clock widget has two clock hands: one red, fixed at noon and another black
hand, which rotates with the same speed in all the clocks, but with a different
phase. From the user standpoint, in order to select an element, she has to look
at the clock associated to the element and try to press (click) the switch when the
black hand is crossing the red hand (at noon), as precisely as possible. At this point,
all the moving clock hands will reset to their initial positions (determined by their
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2 – GNomon: Dynamic One-Switch Video Games for Children with Severe Disabilities

initial phases with respect to noon). The user repeats these actions until her desired
element is shown to be selected.

Figure 2.1. The figure shows 15 NOMON clocks associated to numbered options.
These clocks can be as well associated to any other form of graphical element on the
screen, even if it moves. This flexibility is leveraged by the GNomon framework,
which associates the selection clocks to selectable game objects.

More in detail, after a click from the user, NOMON calculates for each clock
the probability of being the intended selection, given the sequence of clicks thus
far. Then, if the difference of probability between the two clocks with the highest
probability of being the intended selection does not reach a predefined threshold,
there is not a selection, the calculated probabilities accumulate for each clock and
the clocks with a sufficiently high probability (but not enough to be selected) turn
yellow. Finally, when the difference of accumulated probability between the two
clocks with the highest accumulated probability is large enough, the clock with the
highest probability of being the intended selection turns green and its associated
element gets selected. As the number of clicks required to make a selection is variable
and depends on: how precisely the user clicks and on how many selectable elements
are available, the original NOMON mechanism adapts to the user performance.
In this manner, NOMON allows precise users to click just a few times to make a
selection, while it tolerates more errors from less-precise users without affecting the
final selection result. The rotation period of the clock hands can be calibrated by
the user.
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2.1.1 Statistical model

NOMON works based on a statistical model elegantly explained by Broderick and
MacKay in [24], which calculates for each clock the probability of being the user
intended selection, given a series of clicks in time. The model allows to set prior
probabilities (indicated by p(c)) to the selectable elements on the screen, a very
useful feature in contexts in which some options are more likely to be selected than
others. For instance, in a writing application, some letters are more likely than
others. In contexts such as games, this feature could be used to tune the difficulty
of the game by making some elements more easily selectable than others (e.g. in a
shooting game, it could be easier to shoot some enemies than others).

The statistical model also assumes that the probability distribution of the user’s
rth click time tr around noon, p(tr|c), is known. Such a probability distribution,
which is modeled as a normal distribution, depends on the chosen clock, the rotation
period of the clock hand and of course the user clicking capabilities; thus, each user
should spend some time generating enough data for determining such a distribution.
However, the original NOMON implementation skips such a time-consuming and
boring task and lets the user to start using the interface right away, assuming an
initial distribution slightly offset from zero and learning for each click of the user in
order to update the model online (see [24] for the complete click distribution study).

In Figure 2.2, it can be seen a schematic clicktime probability distribution around
noon approximated to a normal distribution with µ = 0 and σ = 1. For non-
novice users, the starting click distribution of the original NOMON implementation
is modeled by the normal distribution N(0.05T,(0.14T )2) and the default rotation
is T = 2s.

After the Rth click of the user, NOMON calculates the posterior probability that
each clock has of being the intended selection, given the clicks thus far, using Bayes’
theorem. In the original NOMON model, the weak source of information provided
by the times in which the user did not click were ignored. Therefore, the resulting
posterior probability of a clock c of being the user intended selection, given a series
of R clicks is:

pc,R = p(c|t1:R) ∗ p(c)
R∏

r=1

p(tr|c)

The clock c (and, by extension, the selectable element associated to it) is declared
as the selected one if its posterior probability is higher than 1− perror, where perror
is a pre-defined but configurable error rate.

In practice, NOMON makes use of an approximation for declaring a clock (c) as
the selected one (see [65] for a more detailed explanation): after ordering the clocks
by their posterior probabilities, the most probable clock is considered selected when
its posterior probability is higher than the posterior probability of the second most
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2 – GNomon: Dynamic One-Switch Video Games for Children with Severe Disabilities

Figure 2.2. This Figure represents the relation between the click times t (rep-
resenting different fractions of the BClocks rotation times) and the probability
associated to them p(t|c).

probable clock by at least a factor of α:

p(C),R > αp(C−1),R

If no clock is chosen after a click, NOMON sets a new selection round by resetting
all the clocks. However, NOMON chooses new relative clock hand offsets (with
respect to noon) according to an heuristic, in order to help the two most probable
clocks (p(C),R and p(C−1),R) to diverge and satisfy the error criterion as quickly as
possible in order to have a winner. The heuristic makes the most probable and
second most probable clocks start with their moving clock hands at 180◦ angular
separation. The next two most probable clocks start at 90◦ and 270◦ relative to the
most probable clock, then the next four at 45◦, 135◦, 225◦ and 315◦, and so on. In
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such a way, the chances of ambiguity between the most probable clocks in the new
selection round, is reduced.

2.2 GNomon: The Design

GNomon (Gaming NOMON) is a software framework that enables the creation of
accessible and dynamic one-switch video games (the first idea about it was presented
by Aced López et al. in [8]). It is based on the NOMON one-switch mode of
interaction, presented by Broderick and MacKay in [24] and described previously,
which allows to select one of many elements from the screen.

GNomon leverages the original operation principles of the NOMON selection
mechanism as is illustrated in Figure 2.3 and summarized below:

� GNomon associates a small widget in the form of a clock face to each selectable
element on the screen.

� Each clock widget has two clock hands: one red fixed at noon and another
black hand that rotates with the same speed in all the clocks, but with a
different phase.

� To select an element, the user has to look at the clock associated to the element
and try to press (click) the switch, as precisely as possible, when the black hand
is crossing the red hand (at noon). Then, for each clock GNomon calculates
the probability of being the intended selection, given the sequence of clicks thus
far. If the difference of probability between the two most probable clocks does
not reach a predefined threshold, there is not a selection and those clocks with
a sufficiently high probability (but not enough to be selected) turn yellow.
Finally, when the difference of probability between the two most probable
clocks is large enough, the clock with the highest probability turns green and
its associated element gets selected.

In particular, the framework provides the functionality needed for creating sets of
selectable game objects with associated clock widgets for enabling dynamic point-
and-click game mechanics using a single switch. Unlike NOMON, the GNomon
software framework allows these sets to be resized at any time by adding or removing
elements, which is necessary for supporting common dynamic game actions such
as the creation of new items or the destruction of characters. Moreover, in [9] it
was demonstrated that the framework is also very useful to make static games (e.g.,
cause/effect games) more challenging by allowing selectable elements to be displayed
without layout restrictions.

A participatory approach was adopted for eliciting the features and accessibility
guidelines of GNomon, thus the work was carried out in close collaboration with a
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Figure 2.3. This figure illustrates the operation of GNomon. a) First, every el-
ement has an associated clock widget. b) All the clock hands rotate at the same
speed and with different phase. c) The user activates the button and the probability
of being the selection is calculated for each clock, those with the highest probabil-
ity turn yellow. If there is not a winner, a new round starts again and clocks with
similar probability of being the selection are assigned new and contrasting phases.
d) Eventually, the difference of probability between the two most probable clocks
becomes large enough to declare a winner, which signals it by turning green.

team of speech therapists, physiotherapists, and psychologists from one of the Local
Health Agencies in Turin, Italy. They actively supported this research by guiding
important design choices and proposing features on behalf of the children assisted
by them. In total, five meetings with the experts were conducted for testing and
collecting suggestions to improve the framework. Thus, several features of GNomon,
mainly related to specific accessibility issues, were adapted to follow their valuable
recommendations. The recommendations are the following:

1. Provide additional indicators for easing interaction. In particular, four circu-
lar marks were placed in the clock quarters (the three o’clock, six o’clock and
nine o’clock) to facilitate the interaction of children with long muscular latent
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Figure 2.4. This figure illustrates the clocks used by GNomon for selecting game
objects (right) and the original NOMON clock (left). The appearance of the new
GNomon clock is based on the original design but with the important modifications
suggested by the experts: enlarging the clock, thickening all clock lines, placing
marks at clock quarters, rendering more eye-catching the red noon hand and making
the moving clock hand pointier.

periods (i.e., the time elapsed between the movement command and the mus-
cle movement) by helping them with clues about when to start “preparing”
themselves for pressing the switch.

2. Make the clocks more eye-catching. Dynamic game objects are usually attrac-
tive, colorful and animated, hence they tend to concentrate the attention of
children. Moreover, as the clocks are just the means for selecting game ob-
jects, it is normal that the former are less striking than the latter. However,
the clocks’ appearance was redesigned to be as eye-catching as possible (while
keeping its simplicity) to prevent the less attentive children from ignoring the
clocks. In particular, the clocks were enlarged, the colors were made brighter
and more contrasting, the lines were thickened and the moving clock hand was
made pointier. Figure 2.4 shows a comparison between the classical and new
appearances of the clocks. The experts even recommended to “embed” the
clocks into the game objects themselves. However, this recommendation was
not adopted in the final design as it heavily limits the looks and appearance
of the game objects.

3. Reduce the average speed of rotation of the moving clock hands and making
it customizable. The rotation period of the clock hands ranges from 1 to 10
seconds, to allow children with long muscular latent periods to enjoy GNomon
based games. The rotation speed can be set and changed easily by their parents
or caregivers.
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4. Give a visual feedback when a clock is selected. Besides the specific feedback
and the actions triggered in each game when a clock is selected (e.g., the death
of a character, or a jump of victory), the clock itself changes color.

2.3 GNomon: The Implementation

The GNomon software framework implementation incorporates the custom extended
C# versions of the original NOMON Python libraries into a Unity [67] 2D plugin. In
particular, the plugin consists, of 6 classes and 1 interface that are in charge of hold-
ing the data used by the GNomon model, updating it and providing the necessary
information and functionality to implement graphic user interfaces (e.g. the clock
widget) that allow users to interact with the model. However, a basic GNomon-
based game can be made in Unity using just the core of GNomon, consisting of 3
classes and 1 interface, as illustrated in Figure 2.5.

2.3.1 The BClock class

Description

The basic class of the GNomon framework implementation is the BClock class, which
is used to model the selection clocks associated to selectable elements on the screen.
Instances of this class have four members and one public method, as follows.

Members

� int Id : Each BClock has a unique Id identifier used to associate, with loose
coupling, the selection clock (BClock) to any selectable element on the screen
(e.g. a character, an item, a vehicle etc.). Thus, to assign a BClock to a
selectable element, it is enough to pass the latter the Id of the former.

� int current hour : In theory, the rotation period T of a BClock hand is divided
in a continuous series of times t, each one with a probability ( p(t) ) of being the
time of the user click (tr), given by the specific probability distribution of each
BClock. However, in practice, click times are not continuous but discrete and
grouped in a finite number of hours around the BClock. These hours represent
the discrete difference of time (∆ t) between the time of the user click (tr) and
the ideal time at which the moving clock hand crosses noon tnoon. The time
tnoon varies from BClock to BClock, as it depends on the initial offset of the
moving clock hand, but it is always identified by the hour 0. The grater the
number of hours in which the selection clocks are divided, the more smooth is
the functioning of the BClocks.
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Figure 2.5. This figure shows a simplified class diagram of the GNomon frame-
work core implementation, consisting of the GNomon Class, the BClock class, the
HourScoreIncs class, and three classes that implement the IView interface. The
GNomon class inherits from the MonoBehaviour class of the UnityEngine package.

Figure 2.6 describes the situation of 4 clocks at some given time tx. It can
be seen that the angular positions of the moving clock hands are different for
each clock and that they correspond to different probabilities, according to the
distribution probability of each clock.

� float score: The score of a BClock is determined by its posterior probability of
being the user intended selection, given the series of clicks made so far. This
variable, as in the original NOMON implementation, stores the unnormalized
accumulated log probability (pc,R) for each BClock.
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Figure 2.6. This Figure illustrates n = 4 GNomon clocks at a given time tx.
As their rotating hands are in different angular positions, their associated prior
probabilities p(cn) at any given moment are also different. Nonetheless, clocks
1 and 2 share a similar probability as their absolute distance to noon is the
same. On the other hand, the clock hands of 3 and 4 are opposite (the former
is at noon and the latter at 6pm), thus the difference between their associated
probabilities is maximum.

� IView view : This variable contains the widget in charge of giving visual feed-
back to the user about the GNomon model, while allowing him to interact
with the BClocks associated to the selectable elements on the screen. The
original widget of GNomon is the clock, however new widgets that implement
the IView interface can be created, as explained later in Section 5.
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Methods

� void increment(): When this BClock method is called it increments its own
current hour variable by one (in the case that the current hour arrives to the
maximum number of hours in which the BClock is divided, it is set to zero).
Moreover, this method updates the state of the view widget by calling the
update view method of the IView interface. In the case of the Unity plugin
that implements the GNomon framework, this method is called every fixed
framerate frame.

2.3.2 The GNomon class

Description

The singleton instance of this class holds all the necessary information that the
statistical model at the base of the GNomon framework needs to operate. Moreover,
in the Unity plugin implementation presented in this thesis, the GNomon class
extends the MonoBehaviour class of the UnityEngine. Thus it inherits the necessary
methods to be automatically updated every fixed framerate frame, as any other game
object.

Members

� GNomon gnomon: Is the single instance of the GNomon class used during a
game.

� Dictionary<int, BClock> BClocks : This dictionary is the most important
member of the GNomon class. It contains a set of BClock objects indexed by
unique integer Ids (corresponding to the BClock Ids). These Ids allow a loose
coupled association between the BClocks and the selectable elements on the
screen, as the former do not need any details of the latter in order to operate.
Using a key-value structure, such as the dictionary, to contain the BClocks
(values) and their ids (keys) was a better design choice than using arrays,
mainly due to the following reasons: the dictionary allows instant access to any
BClock just by passing the appropriate key (the id) and viceversa. Moreover,
changing or removing a BClock from the dictionary is straight forward and
it does not affect other elements of the structure, while the case of arrays,
removing an element changes the indexes of the remaining elements.

� HourScoreIncs hsi : This variable contains the instance of the HourScoreIncs
class, which has the data structures and functionality needed to update the
posterior probabilities of the BClocks, after a click.
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� bool in pause: This boolean expresses whether GNomon is running and ac-
cepting clicks from the user with a false value.

� int currentWinnerIndex : Contains the index of the BClock that has been
selected in the last selection round. If no BClock is selected during such a
round, currentWinnerIndex is -1.

� int rotation speed : As all the moving clock hands of the BClocks rotate with
the same speed, the common angular velocity is stored just once as the integer
member rotation speed.

Methods

� void Init Round(bool is win, bool is start, List<float> clock score prior): This
method is used by GNomon to start a new selection round by changing from
the state A to state B. The function’s parameters determine whether the new
round has to start after a successful selection or as part of a chain of clicks that
have not yet resulted in a BClock selection. Moreover, every round allows to
assign to each clock a prior probability, which is useful to change the difficulty
of the game by making a clock more or less easily selectable.

� int is winner(): This method is called after every click from the player and
returns the index of the BClock that has just been selected. If no BClock is
successfully selected and a new selection round starts without a winner, this
methods returns -1.

� void update scores(float time in): This method updates the score of every
active BClock after a click is done. The update scores method receives the time
(i.e., the fraction of rotation period) of the click event, as a float parameter.
Then, the method uses the time value to calculate the new corresponding
scores of the BClocks, which depend on the position of their moving clock
hands at the moment of the click.

� void AddBClock(): This method creates and appends a new BClock to the
BClocks dictionary.

� void RemoveBClock(int clockId): This method removes the BClock identified
by index clockId from the BClocks dictionary.

� int Select(float time in): This is the method that is called when a click (i.e.,
switch activation by the player) is done in order to update the BClocks scores,
determine a new BClock winner (if it exists) and to evolve the FSM for starting
a new selection round.
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� void Pause(): The method in charge of pausing the BClocks, avoiding new
updates and selections.

� void endPause(): The method in charge of unpausing the BClocks.

2.3.3 The HourScoreIncs class

Description

The singleton instance of the HourScoreIncs class is in charge of calculating the new
posterior probability of each BClock after a click is done. As this class is based
on the original Python implementation of NOMON [4], the scores of the clocks are
stored as the unnormalized log posterior probabilities, and can be updated by simple
addition.

Methods

� float get score inc(float timeIn): The only public method of this class returns
the score associated to a particular time (a fraction of the rotation period of
the BClocks), which is passed as the input parameter timeIn. When the player
clicks the switch, this method can be called, once for each BClock present in
the game, with the time that these had at the moment of the click. In such
a way, the new scores of the BClocks can be updated by adding the returned
value of the get score inc method with the accumulated score so far.

2.3.4 The IView interface

Description

IView is the interface that has to be implemented by any object in order to be
used as GNomon selection widget (e.g., the clock widget). As it will be explained
in a later section, a selection widget consists of at least two parts: a selector and
an indicator; and by implementing the IView interface, all the GNomon selection
widgets have three public methods that give visual feedback to the player of what
is happening with the internal model of GNomon.

Methods

� void highlight(int code): BClocks use visual cues to communicate their inner
state to the user. In particular, a BClock can change color, shape or size in
order to give feedback to the player about its current score to help him with
the selection process. A game designer can define many states for a BClock
that he wants to communicate to the user by using different codes or visual
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indications. In fact, the highlight method takes a specific integer code as input
(that can be associated to different score ranges) and should react accordingly,
showing different visual cues.

� void update view(int current hour, bool reinforcement on): This method up-
dates the visual appearance of a selection widget according to the current hour
member of the BClock object that displays such a view (which implements the
IView interface). In the case of BClocks that have a clock widget view, the cur-
rent hour parameter corresponds to the angular position of the moving clock
hand of the view. Lastly, the reinforcement parameter indicates to the view
whether it has to show a reinforcement at the optimal moment of the click.

� void win(): This method must be implemented if the selection widget of a
BClock has perform some behavior when it is selected.
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Chapter 3

GNomon: The Games

Three mini games with different degrees of difficulty which are fully playable with
just one switch were designed in collaboration with the Local Health Agency and
presented as prototypes in [9]. The final versions of the games are freely available
for downloading at [1].

3.1 One Switch Demo

The first game is One Switch Demo, a cause/effect video game that allows children
to make a ladybug jump when they select the clock associated to it. When the
ladybug is selected correctly and it jumps, it also produces an auditory feedback
to increase the child’s reward. There are no scores or time constraints of any kind
because the game has been designed mainly to explain how clock selection works.
The aesthetics, as the objective of the game, are very simple to help the children
with visual and attention difficulties to stay focused on the game mechanics. Figure
3.1 shows a screenshot of the game.

3.2 One Switch Ladybugs

The second game is One Switch Ladybugs, another mini game that allows children to
make one of four ladybugs jump. Each ladybug has a different color (red, green, blue
or yellow) and provides a unique auditory and visual feedback when it is successfully
selected. There are no scores or time constraints of any kind, but unlike the first
game the aesthetics are richer and there is background music playing in loop. The
objective of the game is the same as in the previous game: to make a ladybug jump,
but now the child may choose which one. Figure 3.2 shows a screenshot of the game.
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Figure 3.1. The figure shows a red ladybug and its associated clock during
a One Switch Demo game.

Figure 3.2. The figure shows the selection of the red ladybug (top left) during a
One Switch Ladybugs game.

3.3 One Switch Invaders

The third game is definitely more complex than the first two and is called One
Switch Invaders. It is an engaging dynamic one-switch game that does not require
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accurate timing or clicking precision to be played. The game has not a fixed layout,
i.e., multiple selectable elements (aliens), moving around the screen, have to be
selected with time constraints. The implementation of One Switch Invaders is not
feasible by applying scanning control techniques because the elements are not static
in predefined patterns and it is not possible to establish a scanning order without
negatively affecting the game mechanics. The game objective is to score points by
eliminating the aliens before three of them touch ground. There are aliens of five
different colors (red, green, blue, yellow and purple) which constantly fall down the
screen at a bounded random speed. Each alien is associated to a clock for enabling
its selection and is generated in a random position at the top of the screen.

Figure 3.3. The figure shows six aliens falling down the screen while the green one
(at the left) is being selected during a game of One Switch Invaders.

3.4 Design Considerations

The design features of the GNomon-based games aim at solving the problems of
currently available one-switch games such as lack of interactivity, static gameplay
and inaccessible requirements of speed and precision. Moreover, the design of the
mini games (specially One Switch Ladybugs and One Switch Invaders) takes into
account some of the valuable design recommendations by [42] for playable dynamic
video games for children with cerebral palsy:
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1. Simplify level flow, reducing the number of decisions players need to make and
reducing the demands on visual-spatial reasoning. In One Switch Ladybugs,
this is taken into account by presenting only four ladybugs which can perform
just one action (jump). Although in One Switch Invaders the player has many
aliens to eliminate, the decision of which one to eliminate first is simple: the
lowest one, because the goal is to keep them out of the ground and all them
fall with a constant speed.

2. Reduce consequences of errors, ensuring that errors due to difficulties complet-
ing rapid or time-sensitive actions do not impair fun. While in One Switch
ladybugs there is no error penalty at all, in One Switch Invaders the players
have three lives before they lose the game. Moreover, if a player misses the
selection of an alien, she has more opportunities to kill it as its falling time
is enough for allowing several clock hand revolutions before the alien touches
the ground.

3. Limit available actions, reducing the number of decisions players need to make,
and enabling a simpler control scheme. The control scheme of GNomon-based
games consists of just one action: to press the switch. The only decisions that
the players have to make, besides from when to press the switch for selecting
the desired clock are: which ladybug jumps next in One Switch Ladybugs and
which alien is better to eliminate next in One Switch Invaders.

4. Remove the need for precise positioning and aiming, reducing the demands
on manual ability and visual-motor integration. This is part of the selection
process itself. The player does not have to press the switch precisely when
the clock hands are together for the interface to work. Moreover, if there is
ambiguity between two or more elements, their associated clocks turn yellow
to indicate it.

5. Make the game state visible, reducing the need for attention to gameplay, and
reducing the need for visual spatial reasoning to deduce game state. Only One
Switch Invaders has a state, displayed at the top bar, which consists in the
number of remaining lives and points reached.

The main recommendations made by the Local Health Agency experts regarding
the prototype games that were also taken into account during the design phase of
the final versions are the following:

� The appearance of each game object (ladybugs or aliens) must be unique.
This helps the children to remember the game object that they are trying to
select if they lose track of it. For the ladybugs, this was achieved by assigning
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them four different colors and placing them in the four quadrants of the screen.
However, in the case of the aliens this was not possible because there is not
a predefined number of aliens that can be on the screen at the same time.
Therefore, the solution adopted in the second game was choosing five colors
to be sequentially assigned to each new alien. In this way, children that lose
track of their game object can retrieve it without being confused with another
near object that looks the same.

� Different game objects have to produce different visual and/or acoustical feed-
back when selected. This was easily achieved by changing the animations
and sounds produced by different characters when selected (e.g., each ladybug
jumps in a unique manner and produce a different piano sound).

� Although aliens can fall with different speeds, the maximum falling speed has
to be bounded by a maximum value set by the player or a caregiver. However,
for evaluation purposes, in this version all aliens fall at the same constant
speed.

� In the One Switch Invaders game, the aliens wait until the first “click” to start
falling. In this way, the player can observe the clocks and familiarize with the
speed of rotation of the clock hands before trying to select one of them.
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Chapter 4

GNomon: The Studies

This chapter presents the two user studies that were carried out for evaluating
GNomon and the GNomon-based games. These studies aim at determining the
playability and the rehabilitative suitability of the dynamic one-switch video games
based on GNomon. The studies are presented separately as they were conducted:
first the playability study, which consisted of two sessions, and then the rehabilitative
suitability.

4.1 Playability Study

The third phase of this research consisted in the evaluation of the three GNomon-
based mini games. In particular, this study answered the question of whether the
GNomon-based video games are playable by children with severe motor disabilities.
Therefore, a study was conducted, with 8 children, in which six main properties
of playability were assessed (based on the concept and characteristics of playability
presented in [36]):

1. Learnability: How easy is for children to understand and successfully start to
play the GNomon-based games after they have been explained?

2. Effectiveness: How much time and resources do children need while playing
the GNomon-based games for achieving the various goals of the games?

3. Errors: How many times, during the game, the elements selected do not match
with the element that the players had in mind to select?

4. Satisfaction: Do children like to play video games with a GNomon-based
interface?
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5. Memorability: How easy the games are to remember after a substantial time-
lapse between play sessions?

6. Fun: How fun do children have while playing GNomon-based games?

The test was divided in two sessions, with a one-month pause between them,
mainly for assessing the memorability of the games in the second session. In addition,
the assessments of the other playability properties were reinforced by means of the
additional data collected in the second session, with the exception of learnability.
The learnability was evaluated only when the children learned for the first time how
to play the games, in the first session.

4.1.1 Evaluation

The two-session test was conducted in Italian at the Local Health Agency with
children between 4 and 14 years old with severe motor disabilities which consistently
use one-switch interfaces. The sessions were carried out at the Health Agency facility,
a known environment for the children, to avoid making some children anxious about
being in an unfamiliar place. A speech therapist (tester) held the sessions and two
observers carefully took notes of the sessions. Only two observers were present
during the tests, (one expert from the Health Agency and one HCI researcher) to
prevent some children from distracting and being uncomfortable in the presence of
many people. Moreover, all the tests were video recorded hiding the children faces,
with the authorization of the children’s parents, for later analysis.

Set-up and Materials

The children played the games in a 21” screen with a Big Red 5-inch mechanical
switch (shown in figure 4.1) activated with the hand or with the head, depending
on the capabilities of each child. The interface between the switch and a laptop was
a Helpibox 16 (shown in figure 4.2). In the case of non verbal children, it was also
necessary to use Alternative and Augmentative Communication (AAC) tables to
allow them to answer the tester questions, in particular these tables contained the
colors of ladybugs, the yes/no answers and the faces to indicate “like” or “dislike”.
Table 4.1 summarizes the materials used for carrying out the tests.

Participants

The participants of this study were 8 children, 7 boys and 1 girl, with severe motor
disabilities. All of them were between 4 and 14 years old and rely on the use of single
switch interfaces to access electronic devices. P1 and P2 were the only children that
activate the switch with their heads, while the other do it with their upper limbs.
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Figure 4.1. Big Red 5-inch mechanical switch

Figure 4.2. Helpibox 16

The severe motor impairments of the children have different causes, which in some
cases entail cognitive disabilities as well (as in the case of some children with cerebral
palsy). In fact, with the exception of participants P5 and P8 who are affected by
spinal muscular atrophy (which does not compromise cognitive capabilities), the
participants share a mental age between 3 and 5 years old. Instead, P5 and P8 have
mental ages that nearly match their chronological age. See Table 4.2 for a detailed
summary of the participants.

Given the fact that the participants are children which have special communica-
tion needs due to their disabilities, it was not possible for the tester to conduct the
test exactly the same way for every child. Inevitably, for some children the therapist
had to explain the requested tasks in more detail and avoided to ask open questions
at the final questionnaire. Nevertheless, the results are completely acceptable as the
contents of the information provided (and requested) by the therapist to (and from)
the participants was essentially the same. Just the explanations of the games were
adapted to better suit the capabilities of each child.
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Materials

Intel i7 laptop with 8GB of RAM running 64-bit Windows 7

One Switch Demo game

One Switch Ladybugs game

One Switch Invaders game

Helpibox 16 interface

Big Red 5-inch switch

Logitech Orbit webcam with microphone

Adjustable school table

Alternative and Augmentative Communication (AAC) tables

21” VGA monitor

Table 4.1. Materials used for carrying out the tests

Participant Age Impairments Diagnosis

P1
4 Non-verbal with spastic

quadriplegia with dystonia
Cerebral Palsy

P2
4 Non-verbal with postural hypo-

tonia
Aicardi-Goutières syndrome
(AGS)

P3
4 Spastic quadriplegia, cognitive

and communication difficulties
Cerebral Palsy

P4
6 Spastic quadriplegia, strabis-

mus and cognitive difficulties
Cerebral Palsy

P5
7 Muscular dystrophy Spinal Muscular Atrophy

(SMA)

P6
7 Moderate cognitive difficulties Down syndrome with right-side

hemiparesis

P7
8 Cognitive, visual and coordi-

nation difficulties. Spastic
quadriplegia.

Cerebral Palsy

P8
14 Muscular dystrophy Spinal Muscular Atrophy

(SMA)

Table 4.2. Participants with details about age (in years), impairments, diagnosis
and body part used for operating the switch
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Procedures

Each of the two sessions was conducted and video recorded at the Local Health
Agency facility, in Turin, by a speech therapist with two observers: another therapist
and a HCI researcher. The recruitment of the participants was straightforward since
the Health Agency proposed and gathered the children and helped us to fix the
appointments for the tests. The criteria for selecting the participants was that they
had to be children that use a single switch for accessing electronic devices.

The tests were held in Italian and lasted between 7 and 18 minutes for the first
session and between 8 and 15 minutes for the second session, depending on various
factors such as the cognitive or visual difficulties of the children taking the test,
their fatigue and how much they wanted to play each game. The sessions, although
in a flexible way, were structured in three parts, one dedicated to each game. In
the first part of the first session, the tester explained the scope of the One Switch
Demo game (i.e., to make the ladybug jump) and how to accomplish it. The tester
demonstrated twice the selection mechanism by making the ladybug jump. Then,
the child tried to make the ladybug jump and could play for 2 minutes maximum.
In the second part of the first session, the speech therapist presented the One Switch
Ladybugs game to the child by saying that it was played in the same way as before,
but explaining that this time it was necessary to identify which of the four ladybugs
should jump and to focus on the clock next to it. As before, the tester exemplified
twice. Then, he asked the children to make a different ladybug jump following a
standard sequence (green, red, yellow and blue).

Finally, the child was asked to choose a ladybug to make it jump and to say
it out loud (the non-verbal participants used an AAC table for this task) before
selecting it. At the end of this part of the test, the child could play freely for 3
minutes maximum. The last part of the first session consisted in playing the One
Switch Invaders game, but it was carried out only with participants P5, P6 and
P8. This part of the test was not proposed to the other participants because during
the preparation of the evaluation phase, the experts considered that it would be
above their cognitive or visual-attentive capabilities, thus no reliable results could
be expected from them. However, when the third part of the test was conducted,
it followed a similar scheme than the one adopted for the previous two parts: the
objective of the game was explained to the children, then the tester demonstrated
twice how to kill the aliens and finally the children could play freely for 5 minutes
maximum.

At the end of each game, three questions were asked to the participants:

1. Did you like the game?

2. What aspect of the game did you like the most?

3. What aspect of the game did you not like?
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Likewise, at the end of the entire session, the children were also asked the following
questions:

1. Did you remember how to select the elements while you were playing?

2. Was it difficult to select the elements?

3. Did you have fun?

At the end of all the first sessions, the recordings were carefully transcribed for
further analysis, as well as the observation notes taken by the observers. Moreover,
data from each session was also logged; in particular, it was collected information
about the chosen rotation speed of the clocks, the falling speed of the aliens (in the
One Switch Invaders game, only), the number of clicks performed and the time of
each one of them, the selection of a ladybug in the One Switch Ladybugs game and
the final score in the One Switch Invaders game.

One month after the first session, the children were asked to play the games again,
but this time without any explanation or indication of what to do or how to do it.
Before starting the second session, two questions were asked to the participants:

1. Do you remember the game with the ladybugs and the clocks?

2. Do you want to play it?

Likewise, before starting each game (but with the game on the screen) the partici-
pants were asked:

1. Do you remember this game?

2. Do you know how to play this game?

Observations

Before discussing the obtained data, some general observations are presented, to
provide contextual information useful for understanding the results and discussion.

During the first session, there were minor difficulties while testing the games
with the children at the Local Health Agency mainly related to the children’s mood.
In general, the youngest children with cognitive or attention difficulties (P1 and P3)
became tired by the end of the first game (i.e., the one with a single ladybug) and
faced the rest of the test with unfavorable attitude. In particular, P1 (which is a
non-verbal child) started to stare at the door when the tester asked him for the
fourth time to select a ladybug during the second game, indicating that he wanted
to leave the room. Similarly, P3 at the end of the second game, did not want to
freely play as he wanted at the end of the first game. Nevertheless, the experts that
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regularly assist these children agreed that it was normal that they were tired after
trying new experiences that require them attention and concentration.

Another slightly problematic situation happened also at the first session with P2,
a 4-years-old girl, as she was not being cooperative because she wanted her mother
in the room. The tester and the observers decided to call in the mother in order to
calm the child. However, although the child calmed down, she was very distracted
by continuously looking at her mother and she was not able to perform at her best
in the evaluation.

The second session ran more smoothly as it lasted less time (in average) and the
children had the right amount of work to be challenged but without being frustrated
or tired. Moreover, given that the test conditions were as identical as possible to
those of the first session, the children found themselves in a more familiar environ-
ment: they knew the protocol, the researchers, and the procedure (i.e., playtime
followed by some questions).

4.1.2 Results and Discussion

This section presents the data and information collected during the playability test,
along with their analysis and the derived research findings. First, the qualitative
observations made during the first and the second session of the test are presented,
along with Tables 4.3 and 4.4, which summarize the quantitative measures taken.
Secondly, it is presented the assessment of the learnability, effectiveness, errors,
satisfaction, memorability and fun of the games, stemming from the aforementioned
tables and from the careful analysis of the video recordings of each session.

First session

The first session lasted in average 13.13 minutes (SD: 3.52) and all participants,
except P7, played at least the first two games (One Switch Demo and One Switch
Ladybugs). What happened with P7 is that he could not make the single ladybug
jump in the One Switch Demo. He was very distracted by watching the clock hand
rotating or looking at the table, and given his lack of cooperation the tester decided
to stop the test. On the other hand, P5, P6 and P8 were able to play satisfactorily
all games, including One Switch Invaders.

The errors were higher in the case of children with cognitive or attention impair-
ments than in the case of children with just motor disabilities. In particular, P3
and P4 were facilitated by hiding two of the four ladybugs from them in an initial
phase. In such a way, the tester limited the visible options at the beginning of the
free selection phase during the One Switch Ladybugs game, to help the children to
concentrate on the ladybug they wanted. On the contrary, P5 and P8 had no errors
when they tested all the three mini games, moreover they asked to play One Switch
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Invaders again but with a faster falling speed (i.e., the speed at which the aliens fall
down the screen).

All participants with the exception of P1 answered that they enjoyed and had
fun playing the mini games. However, the negative answer of P1 to the question
Did you have fun? is not reliable because it was at the end of the test when he was
very tired, also it is in contrast with the notes taken by one of the observers which
reported that the participant was “continuously smiling” while he was playing.

The rotation speed of the clock hands was initially determined by the tester on
the basis of the previous knowledge that she had about each participant. However,
when necessary, the rotation speed was modified after the first mini game. The
rotation speed is expressed as an integer between the linear interval [1-20], where
1 represents a rotation period of 10 seconds and 20 represents a rotation period of
1 second. Setting the right rotation speed was not an easy task, especially when
the participants had attention difficulties because setting a fast speed increases the
difficulty of successfully selecting the intended ladybug, while a slow speed gave
some participants enough time to be distracted and forget about the selection task.

Table 4.3 summarizes information regarding the following aspects: the number
of games actually played by each participant, overall duration of the test, the error
ratio during the One Switch Ladybugs game (i.e., the number of selections that were
not the intended selection by the participant vs the total number of selections), clock
hand rotation speed and the answer of each participant to the final question Did
you have fun?.

Participant Games played Duration Error ratio Speed Had fun?
P1 2 14 min 55% 5 NO

P2 2 15 min 50% 7 YES

P3 2 18 min 53% 8 YES

P4 2 11 min 62% 6 YES

P5 3 10 min 0% 10 YES

P6 3 15 min 29% 8 YES

P7 1 7 min - 6 YES

P8 3 15 min 0% 10 YES

Table 4.3. First session observations
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Second session

The main goal of this session was to evaluate the memorability of the GNomon-based
games, as well as tracking the individual improvements in the other playability
properties. The second session was carried out with the same group of experts
and with the same conditions of the previous session. Nevertheless, there was an
unexpected problem as participant P5 abandoned the Local Health Agency, thus he
did not take part in this session.

Each second session lasted in average 10.86 minutes (SD: 1.86) and this time
all participants were able to play the first two mini games (One Switch Demo and
One Switch Ladybugs). The same participants that successfully played One Switch
Invaders in the first session (P6 and P8) were the only ones that could play it during
the second session.

Similarly to the previous results, the errors during the second session were higher
in the case of children with cognitive or attention impairments than in the case of
children with just motor disabilities. This time all the children, with the exception
of participant P6, improved their error rate. In particular, participant P2 decreased
her error rate from 50% to 33% and participant P7, who did not have an associated
error rate for not being able to play One Switch Ladybugs during the first session,
was able to play it getting an error rate of 55%.

During the second sessions there was no need to facilitate the tasks to any par-
ticipant by hiding them any of the ladybugs in the One Switch Ladybugs game, as it
was the case in the first session with participants P3 and P4. Moreover, participants
P1, P2, P4, P6, P7 and P8 played with a higher clock hand rotation speed than
the one set for the first session. Participant P3 played with the same speed in both
sessions. Notably, participant P8 was able to score 17 points at One Switch Invaders
with a rotation speed of 19 (almost the double of his first session maximum rotation
speed).

Again, all the participants with the exception of P1 answered that they enjoyed
and had fun playing the mini games. However, this time the negative answer of P1
to the question Did you have fun? was in line with the attitude he showed while
playing: he was very nervous and angry, and he took more time to complete the
tasks in this session than he did in the first one.

Finally, the memorability of the GNomon-based games was better than expected:
5 children out of 7 answered affirmatively to the question “Do you remember the
game with the ladybugs and the clocks?” and described correctly how they had to
play the games. One of the participants (P7) answered that he remembered the
games but he did not actually remember how to play them. Participants P6 and
P8 which were the only children that played the third game One Switch Invaders,
remembered it very well and P8 described without doubting not only how to elimi-
nate the aliens but also the strategy to win the game: “you just have to eliminate

47



4 – GNomon: The Studies

the aliens as soon as they appear on the top, do not give them the chance to move”.
Table 4.4 summarizes information regarding the following aspects evaluated dur-

ing the second session of the tests: the number of games actually played by each
participant, the error ratio in the One Switch Ladybugs game, overall duration of
the test, clock hand rotation speed, the answer of each participant to the final ques-
tion Did you have fun? and the answer of each participant to the question Do you
remember the game with the ladybugs and the clocks?.

Participant Remembered? Games played Duration Error ratio Speed Had fun?

P1 YES 2 15 min 50% 8 NO

P2 NO 2 10 min 33% 10 YES

P3 YES 2 10 min 38% 8 YES

P4 YES 2 11 min 62% 6 YES

P6 YES 3 10 min 25% 10 YES

P7 NO 2 10 min 55% 8 YES

P8 YES 3 10 min 0% 19 YES

Table 4.4. Second session observations. P5 did not take part to this session.

Playability Assessment

Stemming from the results of the playability study, it is possible to answer posi-
tively the research question of whether it is possible to make playable one-switch
video games, based on GNomon. The playability, assessed through the proper-
ties of learnability, effectiveness, errors, satisfaction, memorability and fun of the
GNomon-based games is adequate and very promising. In particular, all the children
that played the games learned and were able to use the GNomon-based interface
and the selection mechanism to play the games, while having fun. Moreover, the
participants who tried One Switch Invaders (3 out of 8) indicated that it was the
funniest of the three video games, and also that they had never played anything
similar. At the end, participant P8 asked if he could have the One Switch Invaders
game for playing it again at home.

The research findings regarding the playability properties are reported in detail
below:

1. Learnability

It took, in average, 2 activations of the switch for the children to understand
the mechanism and to be able to consistently make the single ladybug jump
(on the One Switch Demo game). There were cases (P5 and P8) in which the
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participants understood and were able to use the GNomon selection mechanism
immediately, but in other cases (P7) it could not even be determined if the
mechanism was comprehended.

Two of the questions at the end the first session helped us to determine if the
selection mechanism was difficult to grasp: Did you remember how to select the
elements while you were playing? and Was it difficult to select the elements?.
Not all the children were able to answer the first question because it was very
difficult for their cognitive and communicative skills, but all of them (of those
who played at least two games during the session) agreed that it was not
difficult to select the elements. Even P4 said that it was easy to select the
single ladybug, but he emphasized that selecting one of four ladybugs was not
an easy task. Moreover, the observers agreed that, in general, the children
understood how the selection mechanism works, even though some of them
had trouble operating it by themselves.

The results presented here suggest that a game with a GNomon-based interface
is learnable by children with severe motor disabilities, especially if they do not
have additional cognitive or visual impairments.

2. Effectiveness

The evidence suggests that using GNomon-based mechanism is effective, since
it was certainly possible for 7 out of the 8 participants to play and complete
the tasks of the first session, despite of the errors, in less than 20 minutes.
Moreover, during the second session in which the participants were already
familiarized with GNomon, all of them were able to play satisfactorily (even
participant P7, who could just play one game during the first session).

3. Errors

In the first session, the error ratio was 49.8% (SD: 12.44%) in average, ex-
cluding the two outlier cases (P5 and P8). This significant error ratio can be
explained by the additional cognitive impairments that the participants had,
with the exception of P5 and P8. In fact, those two outlier cases, which had a
0% error rate, do not encounter the difficulties that some participants have to
plan the movement as both of them have normal latent periods (i.e., the time
elapsed between the movement command and the muscle movement).

However, it is worth noticing that the average error ratio decreased to 43.8%
(SD: 14.13%) during the second session, excluding the outlier cases as before
(i.e., 0% error rate). This is very promising since participants increased the
rotation speed of the clocks during the second session, and may entail that
performance over time can be improved with training.
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4. Satisfaction and fun

The children that were able to answer the question What did you like the most?
in the first session (P5, P6 and P8) said that they liked how the ladybugs jump
and also the ladybug moving around. For the One Switch Invaders game, they
answered that they liked the falling aliens and to be able to kill them. These
answers suggest that the dynamism of the games, in particular in the case of
the last game, was really appreciated by the players as something new that
they were able to try. In the second session, participants P6 and P8, answered
this same question referring almost exclusively to the One Switch Invaders
game.

Moreover, at the end of the second session, P8 (the oldest participant, a 14
years old boy) was very excited and wanted to talk more about the games: he
explained better that One Switch Invaders gives him the emotion of having to
score points knowing that he could lose at any time, he said ‘‘In this game I
do not know how many points I will score, while in the other games I can play
I know that I can’t fail and there is not emotion there”. He said that many
times the games he plays are those he can control and not necessarily the ones
that he would be interested in; as an example he showed the researchers an
online scanning-based game for making cakes in which he picks up ingredients
and places them in predefined positions on the cake base. He explained: “This
game is ok but not like killing the aliens, but I can play it and it is entertain-
ing”. It is clear that games with dynamic mechanics facilitated by GNomon
are not only satisfactory, but a very exciting new alternative for children that
cannot freely choose what they want to play, but are forced to play what they
can operate with their single switch.

Lastly, other children expressed their satisfaction while playing the games in
diverse ways that were noticed and written down by the observers. This is the
case of participant P3, who yelled “More, more” when the tester announced
him that the time for freely playing One Switch Ladybugs, in the first session,
was over. Similarly, participant P2 indicated through an AAC table that she
wanted to continue playing the second game when the tester gave her the
chance to stop due to her apparent lack of interest. P5 and P8 also asked,
on their own initiative, if they could play more at the One Switch Invaders
game after finishing the first session, which clearly indicates that they enjoyed
playing the game.

Consequently, it is evident that engaging in the GNomon-based games was
not only considered satisfactory but also fun by the children during the tests.
Moreover, the children that had the cognitive and visual capabilities to play a
dynamic game such as One Switch Invaders indicated that was the one they
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liked the most.

5. Memorability

All but two participants (P2 and P7) answered that they remembered the
games. However, the two participants that answered negatively to the ques-
tions related to the memorability of the games were the most distracted during
the first session: P2 was constantly looking for her mother, ignoring sometimes
what was happening around her; P7 was so distracted during the first session
that the tester decided not to present him the second game (One Switch La-
dybugs) and he only played the One Switch Demo game. Therefore, it is
understandable that after one month they did not recall having played the
GNomon mini games.

4.2 Rehabilitative Suitability Study

In the fourth and last phase of this research, it was conducted a second study
aiming at assessing the suitability of the GNomon-based games as useful tools in
the rehabilitation of children with disabilities. In particular, there were a lot of
interest in answering the research question of whether the game mechanics and the
control interfaces based on GNomon (more than the individual games themselves)
are suitable to be exploited by the healthcare experts that work with children with
severe motor disabilities everyday, within their therapies.

4.2.1 Evaluation

To answer the research question, a semi structured interview was conducted in
the form of a focus group with two speech therapists and a physiotherapist with
whom we collaborated throughout the GNomon design and playability study. The
focus group lasted 90 minutes and the audio was recorded for later analysis. Two
HCI researchers participated in the interview: one as the moderator, proposing the
questions and guiding the conversation, and the other one carefully took notes to be
integrated with the recorded audio. The actual questionnaires, the answers and the
conversations between participants and the moderator interventions were in Italian;
thus, all the material was fully translated into English. The issues discussed during
the interview are the following:

� How important is for children to play dynamic video games?

� What other types of video games do children with severe motor disabilities
play?
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� What about non-digital games? Do children play them? Do these games have
dynamic components?

� For children with severe motor disabilities, what are the rehabilitative, educa-
tional or leisure benefits of playing dynamic video games?

� Do GNomon-based game mechanics are suitable for which kind of games?
Which benefits can derive from playing GNomon-based games?

� What do you think are the reasons for the errors made by the children while
playing the GNomon-based games?

� Stemming from this experience, what would you change or improve about
GNomon or about the games?

4.2.2 Results and Discussion

An excerpt of the discussion that the three experts (E1, E2 and E3) and the mod-
erator (M) held during the focus group, for each question, is reported below.

1. How important is for children to play dynamic video games?

E1: I think that dynamic games allow children to have a transferred experi-
ence of movement... I am thinking especially that for those kids that cannot
move at all, the fact of being able to participate in a dynamic experience is
something big! The possibility of accessing a dynamic video game through a
PC or a tablet in which it is possible to regulate times, distances and speeds
is also a good attention exercise... like a training!

2. What other types of video games do children with severe motor disabilities
play in therapy?

E2: They play with the PC or the tablet here in therapy, however not everyone
is able to.
E1: A way of playing is for example by “borrowing my finger”: they see where
they want to go and indicate it with their gaze and I place my finger there.
E2: Anyway the games are always static and the most part based on scanning
so they can play by themselves.
E3: They play mainly here... although there are some parents that have the
time and disposition to play with them, but often what they do, with their
best intentions of course, is to guide the hands to touch the tablet so the chil-
dren are not independent in the game.
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3. What about non-digital games? Do children play them? Do these games have
dynamic components?

E1: Sometimes, but the all the games have to be adapted. The kids play these
games here because at home they do not have the toys or because their parents
do not have the time to support or follow them while they play.

4. For children with severe motor disabilities, what are the therapeutic benefits
of playing dynamic video games?

E2: For children with these kind of disabilities, video games are not just a
pastime and playing is never time wasted. Few of the games in which they
engage are only just for entertainment, fun or leisure. Playing with them is a
therapeutic resource and their parents and school teachers do it always “for
a reason”. Pure play, with an end to itself, no. Almost never. Many parents
prefer to put the kids in front of the TV to watch cartoons. That is the leisure
that they have. But that is not interactive! What do you have to do in order
to watch some cartoons? Nothing!
E3: Exactly! that is what many parents want, that their children can be
placed somewhere without them having to do anything.
E2: We could not even propose some parents to let their children play a leisure
game in which maybe is not that important if they are in a crooked position,
but it is only important that the kid has fun.
E3: Some parents would say! Absolutely no!
E1: We play a lot, but always with some objective in mind, it could be reha-
bilitative or educational.
E3: The children do not play at home very often
E2: They would play... but they are not facilitated.
E1: In school it is also different because the child with disabilities sees his
classmates playing. In some way he is participating and the others may in-
volve him too. That is also a situation of joy. In other words, in school he can
enjoy play, even if he participates just a little, he is there.
E2: At home it is different, they are more alone because they do not have their
peers, and with their peers they have a relationship, they could have at least
some smile as feedback. There is some kind of interaction.
E3: For participant P1 the moments of leisure play happen at school because
he has a teacher that wraps him in a blanket, moves him and takes him out.
In moments like that he finds the joy of play, of free play, not when he is at
home in front of the TV.
E2: The problem is also that these children always need the adult that helps
them to play... even video games
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5. Do GNomon-based game mechanics are suitable for which kind of games?
Which benefits can derive from playing GNomon-based games in therapy?

E1, E2: GNomon is good for leisure games as well as for rehabilitative and
educational games!
E2: The ingenious interface and the selection mechanism are useful for the
three types of games. For the therapeutic part for sure!
E1: They could also be educational as GNomon involves time, waiting, atten-
tion etc. And the leisure part of course as they can feel that are playing games
as those played by their brothers or classmates!
M: What benefits exactly do you think GNomon fosters?
E2: Well it trains the children to maintain a selective attention and to hold it
over time; it trains the visual scanning between various objects; it strengthen
the eye-hand coordination; it supports the learning of concepts such as colors,
numbers letters, depending on the game theme; it supports and develops the
autonomy to play, it teaches to wait and to respect time-outs.
E3: The benefits of the GNomon mechanisms can also be integrated with the
specific characteristics of each game!

6. What do you think is the reason for the errors made by the children while
playing the GNomon-based games?

E2: I think the errors are relative to each game, not to the GNomon mechan-
ics.
E1: These depend on the condition of each children. For example participant
P8 had no errors at all, while participant P1 is a kid that when is excited
about something cannot control totally his movements.
E3: The errors are not even their fault...
E2: Exactly! Maybe for some children, when they are excited to do something
new or fun, starts the dyskinesia. That is why sometimes we have to fix them
to contain their involuntary movements.
E1: The same can happen with the eyes, they have not a constant performance
E2: Behind a simple mechanism such as “look-wait-click” there are attentive,
eye-hand coordination and emotional contention difficulties... then, the dysk-
inesia does not help at all...
M: But these problems are present also with scanning interfaces?
E2: Yes, of course.
E3: But it is true that the less of elements you have, the less of the prob-
lems. Each element can be a problem source, and maybe the scanning has less
elements than GNomon, but less flexibility... at the end you have to find a
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balance
E2: The errors are due to their disabilities and specific conditions, not to
problems with the interface or the games. But as happens with any game, the
performance improves with practice for sure! In fact it would be very inter-
esting to make a long-term study to track this.

7. Stemming from this experience, what would you change or improve about
GNomon or about the games?

E3: There were some problems with precision during the first session and
sometimes when the children activated the switch while the clock hands were
far apart, a selection happened. It was corrected for the second session and
now the mechanism works well.
E2: Maybe it would be useful to explore other graphical elements rather than
the clocks as interface elements because some children found difficult to wait
for the clock hands to come together for activating the switch. Maybe some-
thing with colors or shapes, easier than the concept of “clock” and rotation,
and angular distance.
E1: Yes! Other possibilities could be explored, for instance an horizontal bar
which maybe easier to comprehend than a circular movement.
E2: Maybe a ball that shrinks and grows and changes color. Here, the chil-
dren could wait for the ball to grow and changed to some determined color
to activate the switch. This would be a simplification that would help further
some children such as participant P7.
E3: In future games, the clocks, or other landmarks such as the shrinking
balls, should be integrated with the game objects. Instead of being next to
the game object, they should be inside or at least they should have the same
graphical style that the element to which they are associated.
M: Do you think that other kinds of feedback different than visual would be
good for these children? Maybe haptic, sound?
E2: I think it would be worse, because the more elements you have the more
confused they will be.

The results of this rehabilitative-suitability study suggest that GNomon-based
games do have the potential of being used for rehabilitative purposes, answering
positively the initial research question. The experts interviewed in the focus group
considered that the kind of dynamic interaction that GNomon-based games support
is “very positive” and “valuable”. In fact, the speech therapists wanted to extend
the use of the GNomon games from the Local Health Agency to one of the children
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hospitals in the city, not only for the kids fun, but for developing and improving
several skills within therapy.

The research findings of this study are in line with previous findings in the field
of game design for rehabilitative therapy. Moreover, the results of this study suggest
that GNomon-based games could also be exploitable in speech therapy with children
with cognitive impairments, or in brain injury (BI) therapy. It has found that the
main rehabilitative aspects of GNomon-based games, identified in the focus group,
finely address some of the main therapeutic goals of BI therapy (according to [27]),
such as attention/coordination, processing speed, hand-eye coordination, sequencing
and command following, visual spatial abilities, among others.

The main aspects for which GNomon-based games have the potential of being
used with rehabilitative purpose to be used in therapy with children with severe
motor disabilities, are summarized below:

1. Training the maintenance of selective attention over time: The children have
to maintain their concentration in a single clock and wait for the adequate
moment for making a successful selection with GNomon, ignoring distractions
such as other game elements.

2. Training the visual scanning between various objects: The children have to
move their gaze for searching the elements they want to select, instead of just
waiting for the elements to be automatically highlighted (as in the case of
scanning interfaces).

3. Strengthening the eye-hand coordination: The children have to coordinate the
moment of switch activation with the what they are seeing in the screen.
Moreover, they have to compensate their own latent periods and plan the
motion accordingly for a successful selection.

4. Teaching to wait and to respect time-outs: The children cannot activate the
switch any time they want if they want to successfully select an specific ele-
ment. Thus, it is important that they wait (without clicking) the right moment
and that they learn to do not activate the switch in the meantime.

5. Supporting the autonomy to play: The children can play autonomously with
the GNomon-based games, they can select the game menu options by them-
selves and can decide to play the games outside the therapy hours. Moreover,
they can feel free accessing point-and-click mechanics independently of their
caregivers.

6. Supporting the interactive learning of concepts such as colors, numbers and
letters: GNomon supports the creation of many different games, with differ-
ent goals, mechanics and aesthetics. This gives the caregivers the possibility
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of fully customize the games that they use in therapy, with learning or reha-
bilitative objectives specific to each kid, instead of adapting the children needs
to the available options in the market.
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Chapter 5

GNomon: Alternative Widgets

The GNomon framework had “inherited” its original and characteristic clock wid-
get from the NOMON interaction modality, on which it is based. The design of
the clocks was already adapted from its original version following the accessibility
guidelines elicited with the speech therapists that work every day with children with
multiple disabilities, as established before. In fact, it is possible to change widgets
without changing the normal operation of GNomon.

The motivation behind designing new widgets emerges from the results of the
previous studies and involves how the children with cognitive disabilities interact and
understand the original NOMON widget (i.e., the clock). In fact, while a person
without cognitive disabilities fixes her sight on the fixed handle and clicks when-
ever handles overlap, the children involved in the previous studies tend to follow the
moving handle, continuously, according to the involved psychologists and the speech
therapists. This causes an augmented cognitive effort and a consequent fatigue in
using such an interaction modality. Thus, new widgets needed to be designed to
overcome this problem. The new widgets were created in a participatory design
session with a group of speech therapists for two reasons, mainly: a) they follow the
development process of these children from years, with weekly meetings; and b) they
are responsible of performing the cognitive evaluation of such children and moni-
toring their progress in the Local Health Agency where they work, in collaboration
with a wider team of psychologists and physiotherapists. According to the Griffiths
Mental Development Scales [49], the concepts of big/small and full/empty require
fewer cognitive efforts to be understood. Consequently, the widgets were designed
around these two concepts.

In order to do so, it is enough to design an object (the selector) capable of
changing in form, position, scale, rotation or color, and to provide the user with an
indication of the optimal moment to press the switch (the indicator). Likewise, it is
important to have a different color version of the widget to highlight the elements
that have a high probability to be not yet selected. In the case of the normal clock
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widget, the selector is a black clock hand that rotates continuously and the indicator
is a red clock hand fixed at noon, which flags that the optimal moment for pressing
the switch, is when the selector crosses it. The highlight version of the classic clock
is the same as the normal version, but with a yellow face.

5.1 The Widgets

For the last part of this research, three widgets were considered: a clock, a bar
and a ball. All of them consist of three parts: a selector, an indicator, and a third
element to reinforce the optimal moment for pressing the switch (the reinforcement).
The colors of the three widgets were chosen to provide maximum contrast in their
normal and highlighted versions, in order to help children with vision difficulties.
The chosen color palette is the following: White, Black, Red (#DC1E3E), Dark
Blue (#201D5A) and Light Blue (#3EA2DA).

5.1.1 The Clock

This widget is a slightly different version of the classic GNomon clock widget. The
differences are minimal and related to the colors, only: the normal clock widget
did not take into account any consideration about providing the maximum contrast
possible. In particular, the selector is now dark blue and turns into light blue while
is crossing the indicator, as reinforcement; the highlighted version of the clock is
no longer yellow, but red with a white indicator. The clock widget is illustrated in
Figure 5.1.

Figure 5.1. From left to right: normal clock widget, normal clock widget with
reinforcement and highlighted clock widget.

5.1.2 The Bar

This widget was designed in collaboration with the group of speech therapists in
order to replace the concept of rotation that is used in the clock widget, with the

60



5.1 – The Widgets

concepts of “full and empty”, which should be cognitively easier to grasp by the
target children, according to the speech therapists. The selector is a triangular bar
that fills (from left to right) and empties (from right to left) a triangular frame.
The indicator is a thick black line at the right end of the triangular frame, which
flags that the optimal moment for pressing the switch is when the selector is filling
completely the frame. As in the clock widget, the reinforcement is the color change of
the selector from dark to light blue when it reaches the indicator and the highlighted
version of the widget has a red selector. Figure 5.2 presents the bar widget.

Figure 5.2. From left to right: normal bar widget, normal bar widget with
reinforcement and highlighted bar widget.

5.1.3 The Ball

This widget tries to improve the usability of the interface by using the concept
of “big and small”, which should be cognitively easy to understand for the target
children, according to the speech therapists. It uses a ball selector that expands and
decreases in all directions. The indicator is a circular frame: it suggests that the
optimal moment for pressing the switch is when the ball expands until it touches
the frame indicator. The reinforcement is the color change from dark to light blue
when the ball is at its maximum size and the highlighted version of the widget uses
a red ball as the selector. The ball widget is presented in Figure 5.3.

Figure 5.3. From left to right: normal ball widget, normal ball widget with
reinforcement and highlighted ball widget.
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5.2 Evaluation

The three widgets were evaluated through a one-session test with six children with
motor and cognitive disabilities, in collaboration with one of the Local Health Agen-
cies in Turin, Italy. The evaluation aimed at assessing the errors, the efficiency, and
the satisfaction associated with each widget.

5.2.1 Participants

The participants of the study were six male children between 4 and 8 years old
diagnosed with Cerebral Palsy (CP), which rely on the use of single switch interfaces
to access electronic devices. Six months earlier, four of the participants took part in
the playability evaluation of the first two GNomon games presented in [5], obtaining
the four lowest performances. The Local Health Agency experts were in charge of
recruiting the children and fixing the evaluation dates.

5.2.2 Materials and Methods

The tests were conducted in Italian at the Local Health Agency, to avoid making
some children anxious about being in an unfamiliar place. A speech therapist (act-
ing as the tester) held the sessions and kept the participants motivated along the
evaluation, while two observers (one HCI researcher and a speech therapist) care-
fully took notes. All the tests were video recorded with the children faces hidden,
with the exception of the test of P3 which was not recorded, since her parents did
not give the authorization. The tests lasted between 10 and 20 minutes, depending
on the speed of each child to complete the tasks. The evaluation consisted in se-
lecting ten times the only open chest (the one with coins) from a set of four chests,
during three trials, one trial for each widget (i.e., clocks, bars, and balls). Figure 5.4
shows the general interface used during the tests. The widgets under evaluation
were placed in the middle of the chests to allow their selection. When the correct
chest was selected, a sound indicates success and a new game round started with a
new open chest. The children could take as much time as they needed to complete
the task with each widget. The tester could end the test early if she noticed that
they were not trying to complete the task or if they were inactive for more than 5
minutes. Between each trial with a different widget, the children could take a break
to rest, if desired. The children tried the widgets in counterbalanced order, to reduce
biases. For each widget, data was collected regarding the moment of selection of
the chest, the number of clicks before the selection (hits and misses), and the total
percentage of error. Finally, the children were asked for the easiest and the most
difficult widgets.
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Figure 5.4. General interface of the tests.

5.3 Results and Discussion

The observer notes were used to elaborate the discussion of the obtained results
and the most relevant information collected during the evaluation is summarized in
Table 5.1.

All but one participant were able to complete the evaluation. The tester had
to stop and invalidate the evaluation of one participant because he did not want to
continue while he was doing the second widget evaluation. For this reason, we do
not include her results. Participants P4 and P5, which had already participated in
the playability study of three GNomon-based video games with low performances
(see participants P4 and P7, respectively, in the study presented in [5]), were able
to perform successfully the selection tasks with all the widgets. After six months
without using any GNomon-based interface, they did not remember how to operate
the clock widget. Participant P1 did not answer which was the easiest and which was
the most difficult widget, but the ball widget had a “rare” effect on him, according
to the observer notes taken by the speech therapist: “the balls concentrated his
attention for more than 3 consecutive minutes... is the first time I see P1 that
concentrated!”

The error ratios were calculated as the percentage corresponding to the ratio
of misses and hits, for each widget. A miss occurs when a participant presses the
switch without successfully selecting the chest with the coins or without highlighting
it. On the contrary, a hit occurs when the participant presses the switch selecting or
highlighting the chest with the coins. It is important to point out that consecutive
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events registered within less than one second are discarded. The reason is that
the latent periods (i.e., the time elapsed between the movement command and the
muscle movement) of these children is always, at least, a couple of seconds. The
“task duration” reported in Table 1 does not include the break time between trial of
different widgets. The error ratio calculated from the obtained data does not allow
quantitative and final consideration about the best widget. No widget, in fact, has
a significantly lower error ratio. It may be noted, however, that in most cases (3 out
of 5) the ball widget has a slightly lower error ratio. Consistently, the ball widget
has a lower task in 4 out of 5 cases. Data suggests that all the three widgets are
almost equally efficient, being the ball widget slightly higher.

The most interesting result between qualitative data was that all the children
named the ball widget as the easiest to use. They preferred the ball widget even
when it did not account for the lowest error rate (as in the case of P4), or even if it
was used with fatigue at the end of the test (as in the case of P3).

Participant Age Order ErrorRatio
(Ck—Br—Bll)

Duration
(Ck—Br—Bll)

Easy—Difficult

P1
4 Ck, Br, Bll 60%—58%—60% 3—3— 4.5 -

P2
5 Br, Bll, Ck 63%—70%—61% 4—4—3 Bll—Br

P3
5 Ck, Br, Bll 59%—66%—52% 7—7—5 Bll—Ck

P4
6 Ck, Bll, Br 30%—38%—60% 4.5—6.5—4.5 Bll—Br

P5
8 Br, Ck, Bll 66%—70%—45% 5—6.5—4.5 Bll—Br

Table 5.1. Participant age, widget order during the test, error ratio, test
duration (in minutes) , and easiest and most difficult widgets as emerged
from the test. Best values are highlighted. The widgets are abbreviated as
Ck (Clock), Br (Bar) and Bll (Ball).
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Chapter 6

Conclusions and Future Directions

This chapter presents the results of a comprehensive research conducted in close
collaboration with a team of speech therapists, physiotherapists, and psychologists
from one of the Local Health Agencies in Turin, Italy. Two studies were carried out,
aiming at demonstrating two hypotheses: that it is possible to develop dynamic
one-switch video games playable by children with severe motor disabilities, and that
such games are valuable as educational and rehabilitation instruments.

For tackling this complex challenge GNomon was developed, a software frame-
work to enable the creation of dynamic one-switch video games. Then the playability
of these games was evaluated by testing three GNomon-based games with a group of
8 children with severe motor disabilities. At the end of the playability evaluation a
focus group was conducted with the experts of the Local Health Agency to assess the
educational and rehabilitative value of the dynamic one-switch video games based
on GNomon. Moreover, based on the obtained results, a third study was carried out
in order to explore alternative widgets for the GNomon interface, to better support
children with cognitive impairments and to be easier to understand and operate.

The results of this research are encouraging and demonstrate that, in fact, it
is possible to develop dynamic one-switch games playable by children with severe
motor disabilities. From a group of 8 participants, 7 of them expressed that they had
fun playing the GNomon-based mini games, and all of them were able to play One
Switch Demo and One Switch Ladybugs autonomously, after two sessions. Three
of the participants played also One Switch Invaders and expressed that it was the
game they liked the most. Moreover, two of them wanted to continue playing it
after the test. Likewise, the potential of GNomon for making rehabilitative games
emerges from a focus group carried out during one of the studies. All the experts
agreed on the novelty of the interaction but also recognize useful principles that
can be exploited to train aspects such as eye-hand coordination, the maintenance of
selective attention over time and the support the autonomy to play.

Finally, one of the alternative GNomon widgets (i.e., the ball) was preferred by
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all the participants during the widget study, even if it was not always associated
with the lowest error ratio.

How Can Others Make Use of this Work

This section presents a fascinating work in the field of accessible human computer
interaction that stemmed from the research presented in the first part of this docu-
ment. The goal of this section is to inspire other researchers interested in exploring
the world of accessible video games for children with motor disabilities, by presenting
new possible lines of work in such a fascinating field.

In fact, the various studies conducted on the topic of accessible one-switch video
games, which led to the creation of the GNomon framework, constitute a valuable
resource for other researchers interested in developing entertainment, educational or
rehabilitative tools for children with severe disabilities. Moreover, the possibility of
creating new and custom one-switch video games is within reach of any enthusiast
with some programming experience in Unity, since the framework and the GNomon-
games described through this thesis are publicly available at the website of the e-lite
research [1].

In particular, one of the main future directions of this line of work will be the
investigation of accessible multiplayer games based on GNomon. The objective is to
foster the social inclusion of children with disabilities by allowing them to play and
have fun with their normally developing peers, at the same time, with the same game.
In other words, future developments of accessible games should be structured to be
simultaneously playable by players with different levels of ability (i.e., ranging from
those who can use just a single switch, to normally developing children, which are
capable of using proficiently the modern gamepads). Moreover, new game mechanics
have to be designed and tested, in which children differently abled can compete or
collaborate with other players regardless of their input modality.

Accordingly, in the masters’ thesis “Videogiochi single-switch educativi e inclu-
sivi” [56] Mandrile presents a study that makes use of the GNomon framework, as
well as the findings of this research, for designing, developing and evaluating two
single switch games, playable by children with motor disabilities and their normally
developing peers. The two games are “Il labirinto dei mostri” and “Palloncini” and
aim at the following goals:

� The games must be playable by children with severe motor disabilities through
a single switch.

� The games have to facilitate the inclusion and socialization of the disabled
children with their normally developing peers.
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� The games should serve as educational tools, useful to the families, educators
and therapists that work with the children with disabilities.

Il Laberinto dei Mostri This multiplayer game allows two children with different
levels of ability to play together collaboratively. One of the players uses a GNomon-
based interface, while the other uses a regular keyboard or a gamepad. The objective
of the game is to guide a pair of monsters that are trapped in a maze to the exit.
For doing this, each player controls one of the monsters and takes turns to move it
through the screen to its corresponding “exit” location, though the monsters cannot
move freely and sometimes need to lean on each other to perform certain moves.
In addition, the game requires that both monsters arrive to their exit locations for
winning the level. Figure 6.1 shows a screen capture of one of the levels of the
game, in which the purple monster in the bottom left corner is controlled through
a GNomon-based interface while the green monster is moved by the use of the
keyboard.

The mechanics of the game encourage the players to collaborate with each other
to come up with a strategy that allow them to perform a sequence of moves that
takes them both to their exit locations. This idea is also useful to avoid challenge
and competition between the players, as the player with disabilities may be in dis-
advantage.

Furthermore, this game was designed in collaboration with a team of expert
psychologists from the Università degli Studi di Torino to integrate educational
features that develop skills such as the cognitive flexibility, the working memory,
the strategic thinking, the ability to manage several information simultaneously,
planning. For more detailed information refer to [56].

Palloncini Although this is a single player game, it is structured to be played
equally by children with or without disabilities, using the GNomon-based one-switch
interface. In this game there are several balloons on the screen, each one with an
associated GNomon selection widget next to it. The objective of the game is to
select the balloons following a certain sequence, which depend on the game mode
that is being played. Some of the available game modes are:

� Colors: In this game mode the balloons have different colors and in the center
top of the screen a color is indicated. The player has to select only the balloons
of such a color.

� Numbers: The balloons in this game mode display a number inside them. The
player has to select them in numeric order.

� Words: In this game mode the balloons display a letter inside them and in
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Figure 6.1. The figure shows the level 56 of the game “Il laberinto dei
mostri” in which the player with disabilities controls the purple monster
through a GNomon-based interface (in the bottom left corner), while her
normally developing playmate controls the other monster using a regular
keyboard. Image adapted from [56].

the center top of the screen an image is shown. The player has to select the
balloons in order to form the word of the shown image.

� Sizes: In this game mode the balloons have different sizes and the player has
to select them from the smallest to the biggest (or viceversa).

Figure 6.2 illustrates the game mode Colors of the Palloncini game.
This educational game is suitable for children with or without disabilities and

allows to set different learning goals according to the game mode selected. Therefore,
the families, educators or therapists who want to use this game for specific learning
goals can adapt it and personalize it according to every player. This game was also
designed in collaboration with a team of expert psychologists from the Università
degli Studi di Torino, and will be evaluated shortly. For more detailed information
refer to [56].
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Figure 6.2. The figure shows the game mode Colors of the Palloncini game. The
next selection of the player should be a green balloon, as indicated at the center
top of the screen. Image adapted from [56].
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Part II

Assisted Living for Persons with
Disabilities





Chapter 7

Motivation and Background

One of the challenges that the healthcare sector has been facing in the last decade is
how to ensure full coverage of professional care for those who require special attention
(e.g., the elderly, people with disabilities or patients with chronic conditions), while
the associated costs continue to increase. According to the recent Action Plan for
the EU Health Workforce, by 2020 around 14% of these care needs will be unmet1.

To address this challenge, ambient assisted living (AAL) systems have been re-
searched extensively. These systems exploit intelligent environments, ubiquitous
computing and mobile/wearable technologies to reduce the expenditure on health-
care by enabling people to be monitored in their own homes, rather than in hospitals,
for a fraction of the cost (see the survey by Acampora et al. [7] for further details).
The combination of such technologies has also proven to be suitable for creating
applications that support medical staff in performing the typical tasks of highly
structured environments, such as hospitals, more efficiently (as in [10] or [59]).

Research in the field has thus focused on two main objectives: how to improve
the quality of life of patients in their own houses, and how to support doctors and
nurses within hospitals in the specific tasks their jobs entail.

However, less research has been done about systems to support caregivers which
assist persons with disabilities2. In 2004, persons with disabilities corresponded to
about 5% of the total population of Italy (of which the major part were still living
with their families rather than in ALFs), according to the 2004 ISTAT report “Dis-
ability in Italy” available at [46] within assisted living facilities3 (ALFs) and on how

1The Action Plan for the EU Health Workforce is publicly available at [28]
2The persons with disabilities to which the authors refer to are adults between 18 and 64 years

old with physical or mental (cognitive) disabilities
3An assisted living facility (ALF) is a housing facility for persons with disabilities. ALFs

ensure health, safety, and well-being conditions for people with mental or physical disabilities
by monitoring and assisting them with the activities of daily living. In these facilities, unlike
in hospitals or nursing homes, there are no full-time nurses nor physicians providing medical
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to design them to be effective. Although there are some studies that provide design
principles for similar systems, these principles are focused on optimising assistance
to the elderly, either directly (refer to design directions proposed by Morris et al.
in [54]), or by supporting their caregivers (as in [20]).

The motivation for this research derives from the need of design guidelines for
healthcare support systems in ALFs. In particular, the interest of this research is
to address the specific requirements that caregivers within ALFs for persons with
disabilities actually have, such as keeping their hands free most of the time or being
alerted in case of inhabitants’ necessity.

Assisted Living for People with Disabilities

Most of the healthcare support systems found in literature focuses mainly on Am-
bient Assisted Living (AAL), Emergency Detection, or Continuous Monitoring (ac-
cording to the survey by Acampora et al. [7]). Such systems aim at enabling people
with special needs, e.g., the elderly, to stay at home and to be monitored remotely
by medical staff, rather than being hospitalized with the costs this entails (see the
AMON [14] and the CARMA [48] systems as examples).

Therefore, many design recommendations have been elicited for systems able to
address different needs of elderly living in home environments (according to Zu-
las et al. in [72] three main needs emerge: the support for the activities of daily
living (ADL), the safety of the elderly and the delivery of data to nursing staff).
Numerous of these systems have been implemented by exploiting intelligent environ-
ments (e.g., [29]) and mobile technologies (e.g., [48]). Furthermore, the combination
of such technologies has already proven to be suitable for building applications in
structured environments such as hospitals (as reported in [10] or in [59]) to sup-
port medical staff. Wearable technologies have also been researched as possible
enabling technologies, from their first apparitions in systems such as WearNET [50]
and AMON [14], to more recent tools which combine wearable and environmental
sensing for long-term sleep studies, as in the work presented by Borazio et al. [22].

However, systems designed to support users different than doctors and elderly
have been little researched. In particular, few systems addressing the requirements
and necessities of caregivers in assisted living facilities (ALFs) have been proposed;
consequently, design recommendations for these systems are very limited. This re-
search discusses a particular type of assisted living facility (ALF) for people with
disabilities, known as RAF4 (Residenza Assistenziale Flessibile). RAFs are Italian
health and social care facilities with the aim of providing hospitality, welfare benefits

treatments.
4As the RAF is a special type of ALF, both terms are used as interchangeable along this

document.
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and recovery to people in mental or physical conditions of dependency. They ensure
adequate living conditions for the inhabitants, appropriate for their dignity, by pro-
moting the maintenance or recovery of their residual capacities and the satisfaction
of their relational and social needs.

Moreover, the few recommendations available in literature only identify the needs
of persons with disabilities, not the needs of their caregivers; even if it has been
shown that the quality of assistance in ALFs (and therefore the inhabitants’ quality
of life) is highly related to caregivers’ attitudes and to their perception of their
working environment (see the study of Beeber et al. in [16]). The summary of
recommendations reported in [55], for instance, enumerates some practical changes
in primary care practices that can enhance disability care, such as promoting positive
images of disability (e.g. by hiring staff members with disabilities) and easier ways
to contact the staff.

Relevant studies that have been carried out on designing systems to support the
elderly or their caregivers in nursing homes5 are reported, since the guidelines with
which these systems have been designed are the most similar to those that should
be used for systems in ALFs. This is the case of the design directions derived by
Morris et al. in [54], from the ethnographic study of elders with cognitive decline,
which include recommendations such as to provide adaptive functionalities for offer-
ing the optimal level of assistance and to provide mechanisms for catalysing social
relations. Other researchers have also focused on user needs and acceptance of such
systems for eliciting design recommendations: Mayora et al. [52] list the anecdotes,
challenges and lessons learnt from a project involving people suffering from bipo-
lar disorder; Altakouri et al. [12] show the results of their Wizard-of-Oz study for
supporting nursing documentation, Bhadoria and Gupta [20] present a tracking and
emergency alert system for the elderly, and Zulas et al. [72] assess caregivers’ needs
within assistive smart homes for the elderly.

5Nursing homes are residences for people who require continual medical care and assistance in
their daily activities, usually elderly.
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Chapter 8

The User Study

The goal of the research presented in this chapter was to understand the needs
and concerns that caregivers of assisted living facilities have, how do they currently
tackle problems and difficulties, and how technology can help or support them in
their daily work. Particularly, the authors were interested in caregivers that work
at RAFs, i.e., assisted living facilities for people with disabilities who cannot live
alone or that require special attention.

The research questions addressed are the following:

1. How can the introduction of a healthcare support system, that might involve
mobile/wearable technology, in assisted living facilities support caregivers in
their daily activities?

2. What are the current needs, concerns and desires that caregivers of assisted
living facilities for people with disabilities have?

3. What particular needs or issues can prevent (or foster) the adoption of any
mobile/wearable device to support the caregivers through their daily activi-
ties?

To achieve this goal, three group interviews were conducted with a total of 30
participants, in the form of focus groups. Focus groups are distinguished from other
techniques based on group interviews by the explicit use of group interaction as
research data [47]. This technique was utilized because it draws upon participants’
attitudes, feelings, beliefs, experiences and reactions to gain large amounts of in-
formation in a way in which would not be feasible using other methods such as
observation or one-to-one interviewing, according to [35].
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8.1 Method

Three focus groups were carried out in three assisted living facilities, managed by the
Cooperativa Sociale P.G. Frassati1 near Turin, in Italy, that have identical operative
rules and procedures. In this phase, it was decided not to investigate about any
technology-related issue to let the participants concentrate on the needs and concerns
they have as caregivers, without worrying about the practical feasibility (or cost-re-
lated issues) of their ideas.

A single 90-minute session was conducted with each group, with an average of
10 people per group, in the same assisted living facility they work in, in order to
get better understanding of the context, needs, problems, and possible tools already
used. All focus groups were held in Italian and took place after lunch while the
inhabitants of the RAF take their nap, since this was the only time during the day
in which caregivers were able to have free time to meet visitors. The sessions were
carried out in a relaxed and comfortable atmosphere, around a table with some
coffee. Each session began with one of the members of the research team explaining
the aim of the focus group and encouraging the participants to talk to each other,
rather than to simply respond to the researcher questions.

Two researchers were present at each session: one of the researchers (moderator)
conducted the interview, carefully avoiding to give personal opinions to not influence
participants towards any particular position, while the second researcher constantly
collected notes of the group dynamics and dialogues. In addition, all the focus groups
were fully audio recorded and later entirely transcribed, and photos of particular
areas of the visited assisted living facilities were taken (when allowed).

8.1.1 Procedures

Each focus group was conducted in a different assisted living facility with the partic-
ipation of all the healthcare personnel of the facility. It was decided to keep the three
groups separated instead of merging them into one big cluster to preserve the “nat-
urally occurring” groups, i.e., people who already know each other through working
together. The motivation behind it was that exploiting pre-existing groups allows
the observation of fragments of interactions that approximate naturally occurring
data, according to Kitzinger [47].

The recruitment of the participants was straightforward since the study was
conducted with the cooperation of the management at Cooperativa Sociale P.G.
Frassati, that helped to gather the groups and to fix the appointments for the
interviews.

1http://www.coopfrassati.com (last visited on April 8th 2016)
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The sessions lasted for 90 minutes and followed this structure: first, the re-
searchers and the participants introduced themselves, and the researcher in the
moderator role explained the dynamics of the focus group and the goal of the study.
Then, an individual questionnaire was distributed among the participants to collect
both general demographic data and information about their experience as health-
care assistants in assisted living facilities. Finally, a set of open questions focusing
on caregivers’ daily activities, related problems and desires, were posed (one by one,
in Italian) to guide the session by keeping the conversation moving forward, and
also to facilitate the interaction between the group members.

Finally, the list of the questions with which the researchers guided the interviews
are presented below. The order of such questions was not always the same, and not
all of them were posed to the three groups. Furthermore, since the moderator of
the focus groups interacted as well with the participants, additional questions that
rose naturally during the conversation were asked:

� Could you tell us how is your “typical day” structured?

� In your daily activities, have you developed or implemented some “workarounds”
to facilitate or speed your work?

� Are there activities that risk to be forgotten? Which ones?

� What would you like to know about the RAF inhabitants when you are not
with them (overnight, for example)?

� What technological tools (tablets, smartphones, etc.) have you already pro-
posed to the RAF inhabitants or have tried yourselves? How did it go?

� For what activities would you like some kind of reminder?

� In general, do you have special requirements? for example about the tools you
use? What would they be?

� May the guests request your assistance or presence? How?

� When inhabitants request assistance, what is a reasonable time to reach them?

8.1.2 Participants

From the total of 30 participants, 22 were female and 8 were male, with different
years of expertise as professional caregivers in RAFs (as summarized in Table 8.1
and in Table 8.2). Regarding the technology experience, all the caregivers that
participated in the study use the computer daily and own a smartphone, except for
the two participants over 56 years old which use an old-fashion cellphone.
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Table 8.1. Participants by age.

Age Count (by sex)

26-35 3M, 7F
36-45 4M, 13F
46-55 1F
56+ 1M, 1F

Table 8.2. Participants’ expertise.

Years of Expertise Count (by sex)

less than 1 3M, 1F
1-5 1M, 8F
6-10 5F
11-15 2M, 6F
16+ 2M, 2F
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8.2 – Observations

All participants were healthcare assistants, working in one of three RAFs man-
aged by Cooperativa Frassati in the area near Turin, in Italy. As reported in Ta-
ble 8.3, two of the assisted living facilities (RAF1 and RAF3) accommodate people
with various degrees of mental disorders, while the third one (RAF2) houses peo-
ple with motor impairments. Each RAF hosts around 10 people and assistance is
guaranteed 24/7: during the day, two caregivers are present within the RAF, and
another one is present overnight.

Table 8.3. Details about the visited facilities.

Caregivers Type of disability People housed

RAF1 7 (1M, 6F) Cognitive 10
RAF2 10 (3M, 7F) Physical 10
RAF3 13 (4M, 9F) Cognitive (severe) 12

Although RAFs differ between them in various aspects such as the facility size,
the spaces accessibility and their distribution, all of them generally share some
characteristics such as the presence of a backyard, a fully equipped kitchen, a living
room, and single or shared bedrooms for the inhabitants. In particular, RAF1
and RAF2 have backyards accessible to the inhabitants; RAF3 and RAF2 have
two floors, one for the common areas such as TV/hobby room and another with
the inhabitants bedrooms. All the visited RAFs have bedrooms hosting one, two
or three people, a roomy kitchen, a laundry, an infirmary in which medicines are
stored, a space used as office by caregivers, and spacious shared bathrooms.

In addition, the RAFs visited have several areas from which it is difficult to hear
what happens in the inhabitants’ bedrooms, e.g., the backyard in the case of RAF1
or, in the case of RAF2 and RAF3 (which have two floors), the rehabilitation room
and the laundry, respectively. Moreover, within the three RAFs, no place allows
caregivers to simultaneously see all the inhabitants bedrooms.

8.2 Observations

Some general observations made throughout the study are presented here, before
discussing the data obtained from the focus groups and the elicitation of the design
guidelines derived from them. In this way, some contextual information useful to
understand the following sections of the paper is provided.

Common needs emerged from the caregivers across the three groups, with some
minor differences due to the diverse type of disabilities present in the RAFs where
the participants work in. In fact, people with motor disabilities are less autonomous
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and independent than people with mental disabilities who, in most cases, can leave
the house and walk around the town without any assistance. Moreover, the former
perform most of their activities inside the RAF, while the activities carried out by
the latter often occur outside the structure. In general, although the inhabitants of
RAF1 and RAF3 have to be closely monitored given that they may suffer epileptic
seizures, for example, or that a few of them may try to break or escape the RAF
(as some of RAF3 inhabitants have already attempted), the inhabitants of RAF2
require more assistance from their caregivers in order to perform daily activities,
that they would not be able to carry out otherwise, due to the motor impairments.

During the day, two healthcare assistants are always present in the RAFs, per-
forming various activities, from personal assistance (e.g., helping the inhabitants to
brush their teeth), to drug administration, or help in housework (e.g., cooking or
doing laundry). A nurse is present one hour per day, every day, while a doctor is
available on request, only. During the night, one caregiver is present in the facility,
performing some houseworks and running ward rounds.

Each healthcare worker brings in her pockets a cordless phone, multiple keys
and, in some cases, her personal mobile phone. Caregivers express the desire to
bring with them less “objects” as possible because “it is not easy to walk around
with the pockets full of stuff, and if the phone rings you have to take out many things
to finally answer it!”, as said by one of the caregivers of RAF1.

Caregivers, at the end of their shift, must compile a paper form reporting relevant
issues and the activities they performed. However, by the time they fill the form,
they are prone to forget some events and issues to report. In some cases, they leave
a post-it note to their colleagues to highlight some news (e.g., an inhabitant has
the flu) and changes in some of the planned activities (e.g., the swimming pool was
unexpectedly closed).

RAF inhabitants can require the assistance of a caregiver by calling them by voice
or using a buzzer, inside the house. It was noticed that one buzzer is present inside
each bedroom (near the bed, typically) and another is located in each bathroom, as
required by the Italian law2.

In RAF1 and RAF3, inhabitants do not own any technological tool, such as
smartphones, tablets, or computers. Healthcare assistants and inhabitants’ families
promote this “policy”, because of the possibility that such objects may be stolen,
broken or traded. In fact, since some inhabitants can freely move alone around the
town, they may meet ill-intentioned people or sell these objects to obtain stuff like
junk food. In the past, caregivers tried to give them such tools and obtained negative
results. On the other hand, inhabitants of RAF2 spend almost all of their time inside
the house and they actively use smartphones and computers to communicate, play,

2The Italian law, with the Ministerial Decree dei Lavori Pubblici n. 236 del 14/06/89 requires
buzzers, at least in the bathroom and in the bedroom of people with disabilities.
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or search the Web.
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Chapter 9

Results and Guidelines

This chapter presents the most relevant information collected during the focus
groups regarding caregivers’ unmet needs, problems and desires, along with their
qualitative analysis: the research findings and the implications derived are listed in
the following. Finally, stemming from these research findings, a set of design guide-
lines is proposed to address the research questions stated in the user study, from a
system point of view. These guidelines, numbered from DG1 to DG10, are reported
in Table 9.1 and summarize the most important aspects that should be taken into
account to effectively design support systems for helping caregivers in their daily
activities within ALFs.

The reported guidelines do not explicitly account for privacy issues. Privacy is
a very important topic to address in any healthcare support system and it is given
as a pre-requisite, rather than a recommendation, for building a successful and
useful system. In the case reported in this paper, privacy-related issues are strongly
regulated by the rules of the ALFs, realized in agreement between ALF managers,
inhabitants families and by following the Italian Privacy Law (196/2003). Moreover,
all the changes that concern people in the structures (i.e., inhabitants, guests and
caregivers) must be approved in advance by the ALF managers, the inhabitants and
their families.

9.1 Enabling hands free operations for caregivers

9.1.1 Research Finding

One of the most common requirements across all three focus groups, constantly
mentioned and discussed, was the caregivers’ need of having the hands empty or
free from any objects. Caregivers must have their hands empty while they are
working because they should be always ready to attend any situation in which an
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inhabitant is involved, as fast as they can. In particular, one participant of the
RAF1 group, when asked if caregivers had special requirements (like having their
hands free), answered as follows:

“It depends on the people (i.e., the RAF inhabitants) you work with. . . but,
I would say that we (i.e., the caregivers) need our hands empty the most
of the time, because some guys could fall or suffer a seizure, and we must
be ready to intervene.”

Two other participants, one from RAF3 and another from RAF1, confirmed and
explained that everything they carry around (e.g., cordless, mobile phone, etc.) has
to be inside the pockets in order to avoid distracting them during their daily work.
In addition, all the objects and tools used by the caregivers should be resistant to
water and shocks given the fact that their attention has to be directed to the RAF
inhabitants and not to devices integrity.

9.1.2 Implications

Since caregivers in assisted living facilities for people with mental disabilities, such
as RAF1 and RAF3, need their hands empty for most of the time, they should not
use or carry around objects such as smartphones or tablets, and definitely, they
cannot operate them for long periods of time engaging their full attention to their
operation. Caregivers do need devices that support them in their daily tasks, and
it is very important to them that such devices can be easily and quickly operable,
that can be resistant and sturdy enough, and that can be used everywhere inside
the RAF, immediately. These implications are taken into account by the design
guidelines DG1, DG2 and DG3 as presented in Table 9.1. Wearable devices might
address these requirements while allowing the users to keep their hands free; this is in
good agreement with the increasing number of studies in which wearable technology
is being proposed as part of support systems in the healthcare domain such as [50],
[14], and more recently [22].

9.2 Helping caregivers to remember non-routine

tasks more easily

9.2.1 Research Finding

Daily activities in assisted living facilities follow a pretty fixed schedule to help
caregivers remember more easily the routines of each inhabitant and all the tasks
that need to be carried out to have the RAF functioning properly. Details that
otherwise could be forgotten, such as wake up times, bathroom turns, medication
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and diets, among many others, are well structured in a “collective” routine that
indicates the caregivers what to do, with which inhabitant and at what time. As
expected, for RAF1 and RAF3 the routines are very similar due to the fact that they
host people with mental disabilities with common needs. RAF2 also has a collective
routine in which the order in which the inhabitants are woken up and transferred
to their wheelchairs is specified.

Schedules are very useful to organize and simplify daily activities, however care-
givers encounter difficulties with some tasks that are out of the routine, such as
extemporaneous appointments or temporary drug administration. Three caregivers
(C1, C2 and C3) from RAF1 discussed about this difficulty when the conversation
was about the “typical” day and the moderator (M) asked about activities that can
be forgotten:

M: “From these activities (activities from the typical day), which one
worries you that could be forgotten? If there are some. . . ”

C1: “Those in the infirmary! Because it is very sensitive if something
there is forgotten.”

M: “Which is the risk of something going wrong?”
C1: “If there are different schedules or if something goes out of the

routine. . . if someone has to receive some temporary therapy, for exam-
ple.”

C2: “Right! Especially with the temporary medication. . . fever, the
flu. Normally the activities and therapies are verified and contrasted with
the inhabitants records and routines, but that is for routine activities or
long-term treatments. You have to remember the other activities.”

C1: “For example, sometimes it has happened to me with one of the
inhabitants, Maria 1 , who sometimes forgets some things, that she takes
a pill, then comes back and asks for it again. . . if the caregiver is the
same, usually there is no problem because it is easy to remember you
already gave her the medicine; but if the caregiver is not the same, the
doubt could arise and there is the risk to err.”

C3: “But it is difficult to make mistakes because they have to sign
when they take their medicines!”

C1: “Yes! They have to sign! But with medicines for short-term
treatments that maybe are not taken after meals, it can happen. . . ”

Currently, caregivers have addressed the problem of forgetting things that are
out of the routine by writing post-it notes and sticking them on a board within the
room that they use as office. Figure 9.1 shows the main board of RAF1. However,
caregivers expressed that they are not completely satisfied with such a solution

1The inhabitants real names have been changed for privacy reasons.
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because they need to be in the office to read the notes and they have to remember
to check the board to see if there are new reminders.

Figure 9.1. Main board in the caregivers’ office in RAF1.

Implications

A properly designed system for supporting caregivers in ALFs should address the
problem of reminding the caregivers about tasks or events out of routine, especially
if there are many inhabitants housed in the assisted living facility and keeping many
things in mind becomes difficult. The design guideline DG9 presented in Table 9.1
covers this particular implication. The solution should allow to create and check
reminders ubiquitously, in other words caregivers should be able to create new re-
minders (for themselves and their colleagues) in situ, and check the list of reminders
while are around the facility without having to be at any specific spot. These im-
plications could be addressed by design guidelines DG2 and DG9 (see Table 9.1).

9.3 Alerting caregivers in case of necessity to offer

the optimal level of assistance

9.3.1 Research Finding

The inhabitants of a RAF need the caregivers attention countless times a day: for
asking them for help in simple tasks such as opening and closing doors or reaching
objects (this is the case of people living in RAF2 in particular) or for more sensitive
matters such as being assisted on time in case of epileptic seizures (this is the case
of some people with mental disabilities, such as RAF1 or RAF3 inhabitants).
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People living in assisted living facilities, currently, can call the caregivers atten-
tion by voice or by using a buzzer located in some fixed locations inside the RAF
(bedrooms and bathrooms, in this case). Figures 9.3.1 and 9.3.1 show the string
operated buzzer of a bathroom in RAF2 and the panel in the caregivers office that
illuminates the number of the room from which assistance is requested, respectively.

Figure 9.2. Example of assistance request mechanism within a RAF2 bathroom.
Here the buzzer is operated by pulling a string.

However, there are situations in which caregivers cannot hear the inhabitants,
or where the buzzer is not reachable. In fact, inhabitants may be outside the
house, away from caregivers (e.g., in the backyard), or may have fallen out from
the wheelchair and be unable to use the buzzer, as the following conversation be-
tween the moderator (M) and a caregiver (C1) from RAF2 illustrates:

C1: “The problem with the buzzer is that it is fixed in a room or
within the wheelchair as a horn. . . it has happened that someone has fallen
out from the wheelchair in the backyard in such a way that is unable to
operate any buzzer, not even the horn embedded in the wheelchair.”

M: “What do you do in such a situation?”
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Figure 9.3. Example of assistance request mechanism within a RAF2 bathroom.
Here the panel indicates who is requesting assistance.

C1: “There is nothing we can do. . . I mean, if we realize that someone
is not in the house and no one has seen him for a while, we search him.”

M: “Don’t they call for help?”
C1: “Yes, but sometimes you don’t hear. . . if you are in the laundry

and the TV is on, there is no way of hearing someone even if he is
yelling.”

These missed calls constitute a problem that the caregivers, at the moment, feel
is not addressed. Furthermore, in RAF2 the buzzer and its usage are sources of
discomfort and disagreements between the caregivers. The main reasons for discord
are the loud noise produced by the buzzer to be properly heard, and the way it is
turned off, that allows a caregiver to deactivate the buzzer only by reaching it and
directly acting on it (i.e., it does not support “remote” control).

In fact, one of the biggest debates across all focus groups took place while talking
about the buzzer and the possible alternatives to replace it. The following present
part of the argument between four caregivers of RAF2 (C1, C2, C3 and C4) mod-
erated by the researcher (M), that started when the buzzer rang for the first time,
in the middle of the interview:

C1: “Here! This is the buzzer that we talked about, it sounds all over
the house and here in the office the number of the room from which the
call was made, illuminates.”

M: “It illuminates just here in the office?”
C1: “No no, above the door of the room that calls, or above the

bathroom door. . . then we go there and turn it off.”
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M: “And what if you could turn off the buzzer from another place that
wasn’t the room form which the call was made? ”

Caregivers: “Eh! (laughs) That would be nice!”
M: “Where would it be?”
C1: “From inside the pocket!”
C2: “Absolutely no! Absolutely no! No, no. . . ”
C3: “Maybe something that indicates the number of the room. . . ”
C2: “. . . No, absolutely no! Because, what do you do? You turn it

off, and then, for sure, you forget to go. No, absolutely no, I think no.”
C3: “Ah! You do not forget! Maybe you can turn it off while you are

going. . . ”
C2: “No no no, within the room, within the room.”
M: “So, if there was the possibility of turning it off from the pocket,

you. . . ”
C2: “At least, the light above the room door must remain on. Other-

wise, no, no and no. Absolutely no. You have to turn the light off from
the room because like this you assist the people effectively.”

C3: “So, a solution that leaves the lights on, is OK.”
C2: “Mmm but not even like this, because you would have to look up

continuously. . . I think it is not a good idea. And what if the lights turn
on, and you don’t see them because you are elsewhere? No, I think no.”

C4: “It could be something that allows you to turn the buzzer off from
the distance, and that shows you in a display the room number” (from
which the call comes).

C2: “Yes, but after a while, if no one has gone to assist the person
that called, it (the buzzer) must start playing again, because you have to
go to assist the person!”

C1: “I agree, you have to go, off course. But there are situations in
which it would be very useful to have something to turn the buzzer off from
the distance. . . for example, if you are with Daniele (a large inhabitant
that cannot move his body.) and the buzzer sounds very hard, and is
annoying everyone, you are busy and cannot attend immediately, it is
enough that the buzzer makes noise for 1 minute and then goes off! ”

C2: “Yes, yes. In that case, yes.”

Although there are many inconveniences produced by the loud noise of the buzzer
and the sometimes impractical usage associated with it, caregivers fear that the
implementation of new systems that may relieve them from these nuisances, could
negatively impact the quality and efficiency of the assistance that they provide to
the RAF inhabitants. In particular, as expressed strongly by caregiver C2 in the
dialogue reported previously, there is a fear of increasing the number of missed calls

91



9 – Results and Guidelines

by having the possibility of turning the buzzer off remotely because it could lead
the caregivers to more easily forget the call requests from the inhabitants.

By contrast, in the case of RAF inhabitants suffering from epilepsy (a condition
shared by some people with mental disabilities housed on RAF1 and RAF3), it is
not possible to call for assistance in the middle of a seizure. In other words, in such
cases the caregivers have to draw their attention to the RAF inhabitants without
any explicit request. Therefore, caregivers need to constantly run ward rounds to
check the inhabitants, especially overnight when they are out of sight. Nevertheless,
it was found that running ward rounds is not enough to ensure an optimal level of
assistance during a seizure, because inhabitants could suffer seizures between rounds
and in such a case they could not be assisted on time. This finding is consistent
with other studies that state that running ward rounds could be greatly improved,
e.g., with the adoption of a wearable support system, as the one shown in [25].

Even if this remains an open problem, some workarounds have been adopted
by the caregivers of RAF3: a baby monitor can be used to try to look after the
inhabitants with higher risk of seizure. If they hear something “suspicious” they go
and check. In general, they prefer a false alarm than missing a potentially hazardous
situation.

The discussion between four caregivers (C1, C2, C3 and C4) of RAF3 and the
researcher (M) about how to draw the caregiver attention without an explicit call,
as in the case of an overnight epileptic seizure is described below:

C1: “Maybe a night video surveillance system in the people (the in-
habitants of RAF3) rooms, could be useful!”

C2, C3: “No, no. It is not possible. . . for privacy issues.”
C1: “But it is for monitoring the seizures!”
(General discussion)
C1: “It is intended just for internal use. . . because there are some

people that can suffer an epileptic seizure and we (the caregivers) don’t
realize it because we are elsewhere. . . so we need something that supports
us!”

M: “But you run ward rounds, like in the hospitals, to check them?”
C2: “Yes, but we are not always watching, also because there are

some of them that close the door.”
C3: “Something that indicates us that they (the inhabitants of the

RAF) are getting off the bed, would be useful. Then you go and check
and maybe everything is OK, but at least you have gone and checked.”

C4: “But it is not enough. . . there are some that have had seizures on
the bed and not even the baby monitor is good then.”

C2: “It is true, sometimes with the baby monitor you hear noth-
ing. . . if everything is very quiet you also go and check!”
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C3: “We need a system that knows when someone is having a seizure
and send us an SMS or some kind of signal for us to go and check what
is happening.”

C4: “Yes, but the seizures are not all the same.”

C1: “But it only has to indicate us to go and check, it doesn’t have
to assess the seizures.”

It can be argued that caregivers do not mind to respond to false alarms produced
by a healthcare support system if such a system supports them in the difficult
task of monitoring the RAF inhabitants while they are out of sight. This means
that caregivers would prefer to have a system with false positives that points their
attention to “suspicious” situations in which something may be happening, rather
than having no support at all.

9.3.2 Implications

The implications of the findings reported above are straightforward and are sum-
marized by design guidelines DG4 to DG6 in Table 9.1; nevertheless they are at the
same time very significant. First, caregivers do need a healthcare support system
that helps them to monitor the RAF inhabitants when they are out of sight. Such
a system should be able to recognize when some hazardous situation is taking place
and then notify the caregivers. It is important to point out that the accuracy of the
system is not crucial and that the caregivers would accept to check on false alarms
as they are used to do now with the solutions that have implemented, e.g., the baby
monitor. This point also emerged as one of the needs (the need of Alerts under the
Delivery of Data theme) in elder care assistive homes in the study [72] conducted
by Zulas et al.

Regarding the RAF2 buzzer and the possible solutions on how to call the care-
givers attention effectively, the alternative of having something that allows the in-
habitants to call the caregivers personally, i.e., to call them directly without making
any noise for other people in the facility, was welcomed by all caregivers. This is
in good match with the third recommendation emerging from the focus groups re-
ported in [55], that refers to the development of easy ways to contact the staff for
ensuring the quality of care.

However, the way to turn the request off, once it has been received, has to be
further explored. For now, it is clear that the turning off mechanism must ensure
that the inhabitant that calls, gets attended. This means that a healthcare support
system must verify whether caregivers attend the person who is calling after they
turn a call off, in such a way the request call persists until proper assistance is
provided.
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9.4 Relieve caregiver loneliness in hazardous sit-

uations

9.4.1 Research Finding

Caregivers work in pairs during the day, but overnight only one caregiver is present
in the assisted living facility. The reason for this is that during the day there are
more activities to be carried out and the inhabitants require more attention than
during the night, while they are asleep.

However, caregivers fear that something bad could happen to them and no one
could help them while they are alone (without a colleague nearby). Caregivers worry
for themselves but also for the RAF inhabitants, because if a hazardous situation
occurs, the inhabitants could suddenly remain without anyone to assist them.

When the caregivers of RAF1 where asked directly (by the moderator M) about
what would happen if a caregiver that is alone has some problems, a group of them
(C1, C2, C3) answered like this:

M: “What happens if a caregiver is alone and suddenly is not OK?
What do you do?”

C1: “We must always carry around the cordless phone in the pocket,
and if it is the case one of the inhabitants can call for help. ”

C2: “It has never happened. . . but I think I would call a colleague.”
C3: “The problem is if you drop dead in the middle of the night!”
C1: “In any case we have a private security and surveillance company

that watches the house, if something happens, the guard will notice it. . . I
hope! ”

In addition to this, another fear arose when caregivers of RAF3 were asked the
same question. A caregiver from RAF3 put it like this:

“It is not only the fact that the people (the RAF inhabitants) remain
without anyone to assist them, for our case it is also the fact that they
remain with no one to watch them! The problem is that some of them
may escape.”

Caregivers do not like to think or talk about these possible situations, thus the
conversation about the topic was quite short. Nevertheless, it was long enough for
the researchers to find out that caregivers will feel safer with some kind of support
in such situations, that could occur if something goes wrong and an inhabitant calls
for help. The implications that follow from these research findings were used to
elicit the DG7 presented in Table 9.1.
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9.4.2 Implications

In the same way that caregivers expressed their desire to have “something” to allow
the inhabitants to call them effectively in case of need, a healthcare support system
for assisted living facilities has to provide some mechanisms to support caregivers
when they are alone.

At least, a healthcare support system for caregivers has to provide with a con-
venient way to ask for help in case of need. Even better, it should be able to detect
the hazardous situations where is not even possible for a caregiver to call for help,
and should call by itself. Design guidelines to address the ALF inhabitants safety
match other recommendations about the same topic in similar scenarios (elder care
assistive homes) as in the results found in [72].

9.5 Controlling the environment

9.5.1 Research Finding

A common topic across the three focus groups that was discussed when the researcher
asked about “special requirements” was the need of better ways to control and
operate the RAF building. This topic is summarized in the design guideline DG10 in
Table 9.1. Caregivers pointed out that it is very difficult to control the temperature
of the RAF in such a way that everyone is happy. A caregiver from RAF2 said:

“It is impossible to have the right temperature for everyone. For
people in wheelchairs it is always too cold, but if we rise the temperature
you die of heat.”

From RAF1, a caregiver said that it was not easy to constantly change the temper-
ature because of the mechanism to do it “is old, difficult to operate and impossible
to calibrate in the exact point you desire”.

Another issue related with the operation of the RAF building is opening and
closing doors. In general, all doors are kept locked in RAF1 and RAF3: the kitchen
door is locked to avoid that some inhabitants steal food from others (especially,
in RAF1 where some inhabitants steal sweets and candies), the infirmary door is
locked to keep the inhabitants away from medicines, and the main door is locked
to prevent the inhabitants from escaping (this is a very sensitive matter in RAF3,
where some of the inhabitants with severe mental disabilities have already tried to
escape more than once).

This situation bothers the caregivers that have to carry around a big bundle of
keys that is not comfortable, but has become a big problem with regard to the main
door. The main door, that gives access to the house, should be closed to prevent
the inhabitants to escape, though cannot be locked for safety reasons. For now, the
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problem has been addressed with some bells that ring when the door is opened and
one of the caregivers needs to check who is opening the door.

9.5.2 Implications

Smart Home technology has already been used in contexts similar to the ALFs with
success. For example, see the framework described in [29] that assesses cognitive
health using Smart Home technology. Nevertheless, there is still room for systems
that integrate Smart Home capabilities with the solutions to the other problems
encountered and presented in this work. In other words, the smart home capabilities
should be one part of a holistic solution capable of meeting all other requirements
of assisted living facilities.

To conclude, Table 9.1 summarizes the research findings and its implications in
the form of 10 design guidelines for developing healthcare support systems in ALFs
for people with disabilities.

96



NumberDesign guideline Description

DG1 Interfaces for operat-
ing in the periphery of
caregivers’ attention

A healthcare support system should exploit de-
vices and interfaces that can be operated hands-
free and without engaging caregivers’ full atten-
tion in a stressful manner.

DG2 System ubiquity A healthcare support system should support
caregivers through their daily activities, regard-
less of their location inside the assisted living fa-
cility.

DG3 Portability of devices The devices used as part of healthcare support
systems should be easily taken around the as-
sisted living facility by the caregivers, without
representing a source of discomfort.

DG4 Unobtrusiveness of
the assistance request
mechanism

A healthcare support system should offer to the
inhabitants a mechanism for requesting care-
givers assistance that does not disturb other peo-
ple within the assisted living facility.

DG5 Verification of assis-
tance provision

A healthcare support system should verify that
for each request received from inhabitants of the
ALF, the proper assistance is actually provided.

DG6 Self-direct caregivers’
attention to potentially
hazardous situations

A healthcare support system should be able to
indicate to the caregivers potentially hazardous
situations in which the inhabitants may be in-
volved without any explicit request.

DG7 Emergency call option
for caregivers

A healthcare support system should allow the
caregivers an immediate way to call for help in
case of necessity, either manually or automati-
cally.

DG8 In situ form filling A healthcare support system should allow care-
givers to fill notes and forms digitally around the
facility, even if not at the end of the shift and in
the office, to prevent them from forgetting the
information to write in.

DG9 Effective management
of reminders

A healthcare support system should manage the
caregivers’ routines and remind them effectively
about special events or off plan tasks.

DG10 Basic smart home ca-
pabilities

A healthcare support system for assisted living
facilities should provide the caregivers with home
automation capabilities to facilitate the manage-
ment and operation of the facility building.

Table 9.1. Design guidelines for systems to support caregivers in ALFs
for persons with disabilities.
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Chapter 10

Prototype Design

A prototype healthcare support system was designed, following the guidelines elicited
and presented before. Such a design describes an unobtrusive and ubiquitous IoT
system with wearable, for effectively tackling the most relevant and frequent prob-
lems of caregivers within ALFs, without compromising the privacy or dignity of the
ALF inhabitants. The system focused on two important issues that emerged during
the focus groups: the modalities to provide and require assistance and how to mon-
itor the inhabitants while they are alone in order to timely assist them, in case of
need.

The overall system requirements, elicited from the analysis of the focus groups
results, are reported below. Some of them can be also found, in similar formulations,
in other related works such as [54].

1. Detection and notification of potentially hazardous situations. Caregivers should
be alerted when an inhabitant is involved in a potentially hazardous situation,
without the need of constantly running ward rounds or using privacy invasive
methods (e.g., video recording).

2. Supporting smart assistance. Provide the inhabitants with a smart way of
requiring the caregivers assistance, without using noisy buzzers. Confirm that
the assistance requests are addressed properly by at least one caregiver.

3. Determining inhabitants presence in sensitive areas. Some places of the ALF
may not be suitable for the inhabitants, so caregivers want to know where they
are located.

4. Unobtrusiveness. Caregivers do not want more “objects” to carry around or
strange “gadgets” to use, even if they give useful functionalities. Therefore,
the system must fade in the background of the daily life in an unobtrusive
way.
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5. Hands-free operations. Caregivers require to have their hands free, for being
ready to assist inhabitants as soon as possible, without concerning about the
“health” of the device (i.e., they must be resistant to water and shocks).

10.1 The System Architecture

Following the system requirements reported above, a system was designed to monitor
ALF inhabitants by measuring and interpreting some of their body signals and
notifying the caregivers whether and where their assistance is needed. Moreover,
in case of need, it is also possible to easily call for assistance form everywhere in
the ALF. In general, the system first collects data from all the different sources and
process it to obtain an overview of the ALF situation. Then, by interpreting such
information, it determines if an inhabitant needs assistance. In the case she does,
the system is also in charge of notifying it to the caregivers, for her to be assisted.
The caregiver that first reaches the inhabitant, has to turn the notification off to
prevent his colleagues to come in vain. Figure 10.1 illustrates the general system
architecture.

Figure 10.1. General system architecture. Each caregiver and ALF inhabitant
wear a sensor/notification device that communicates with the middleware.
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10.1.1 Sensors

Wearable sensors are used for measuring some body signals of its inhabitants. Wear-
able technology is used because it allows to meet the unobtrusiveness requirement
(req. 4). It was chosen to adopt the wristwatch form factor since watches are ideally
located for body sensors [51] and wearable displays. The wearable sensors collect
acceleration data that can be processed and analysed for detecting epileptic seizures
and falls, which is one of the most important system requirements (req. 1). The
wearable devices worn by the inhabitants with adequate cognitive capabilities, have
a “call function” that can be used for consciously requesting caregivers’ assistance.

10.1.2 Middleware

The middleware is in charge of managing the overall system. It receives the body
measures from the sensors, interprets them and determines if a situation that re-
quires the presence of a caregiver is taking place. The middleware does not aim
at assessing exactly what is happening with each ALF inhabitant, but its scope is
to point the caregivers attention to “suspicious situations” that might require their
presence. This means that the middleware is not designed to try to accurately detect
potentially hazardous situations, such as epileptic seizures, where the consequences
of missing one are very serious and are out of the scope of this kind of support.
Caregivers required this type of notification since they are already used to this kind
of dynamics in ALFs, given that ward rounds work like this, i.e., by checking on
someone even if it is not strictly required. Once the middleware determines that the
presence of a caregiver is required somewhere, it sends a proper notification to all
the caregivers in the ALF.

10.1.3 Notification Devices

The devices in which caregivers receive the notifications sent by the middleware
could be wearable or mobile. Wearable technology is the most suitable for meeting
most of the previous requirements. One of those requirements (req. 5) is that
caregivers need to have the hands free the most of the time, therefore a smartphone
or a tablet are not appropriate for them. As in the case of the inhabitant sensors, the
notification devices use a wristwatch form factor that is preferred by the caregivers
that do not want “another gadget to think about”. Notification devices should have
sound and vibration alerts capable to draw the attention of the caregiver even in
noisy environments.
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10.2 The Prototype

The designed system was realized as an early prototype with reduced functionalities
by extending the Dog gateway1 [21] capabilities to realize the described middleware
and some Texas Instruments eZ430-Chronos watches as both wearable sensors and
notification devices.

The middleware, i.e., the component in charge of managing the overall system,
was realized exploiting the Dog gateway and adding some new features, like noti-
fication management and some specific data elaborations. Dog is an open source
gateway for home and building automation, based on the OSGi framework. It
has been designed to provide intelligent environment capabilities to environments
equipped with off-the-shelf home and building automation systems. Dog acts as a
bridge between low-level specific protocols and high-level requirements coming from
applications, like the one addressed in this paper. In other words, by explicitly
modeling the wearable devices used as the inhabitants sensors and the caregiver
wristwatches as Dog devices, it was possible to focus on high-level features of the
system, the interactions between the parties, and the fulfillment of given require-
ments. Dog, in this way, takes care of low-level details and related complexities such
as the data exchange between physical devices by using the proper protocols. The
algorithms used to automatically determine if the caregivers presence is required,
considering only the environmental and body sensors data, were not implemented
for this early prototype.

For this initial implementation, the Texas Instruments eZ430-Chronos wrist-
watch was selected as the wearable device for notifying caregivers and sensing inhab-
itants. It was chosen because it is cost-effective and completely re-programmable,
both desirable characteristics in this rapid prototyping phase of developing. The
eZ430-Chronos integrates a 96 segment LCD display, a 3-axis accelerometer, sensors
of temperature, pressure and a battery voltage, into an affordable device. The only
functionality not supported by the eZ430-Chronos is the haptic feedback, so at this
stage vibration alerts are not implemented yet. A custom firmware extension2 simi-
lar to the one described by De Russis et al. [30] was used, because of the additional
functionalities it offers: handling different types of messages and the “quick access
command” capability.

The capability of the custom eZ430-Chronos firmware for managing different
type of messages is useful to provide notifications to caregivers. Such notifications
can be silent messages, loud messages or messages that require an explicit reply (e.g.,
yes or no). By using the “quick access command” functionality, each inhabitant’s
watch has two associated tap codes. The first one consists in three taps on the

1http://dog-gateway.github.io
2http://github.com/poelzi/OpenChronos
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watch surface and serves to ask for help. The second one, that can be chosen by
the healthcare assistants, serves to set the request off since the assistance has been
provided and the “emergency” has been solved. To realize the same functionality,
healthcare assistants can also use one of the four buttons present on the watch,
according to the specific situation.

The interaction between the wearable devices (eZ430-Chronos) and the mid-
dleware (Dog) adopts a client-server paradigm. Their communication starts auto-
matically once per minute, or manually when an inhabitant requests the caregiver
presence, or when a caregiver asks the server for updates. Each eZ430-Chronos has
a unique identifier that is read and stored by the control system to determine with
which device is communicating (i.e., who asks for assistance).

10.3 In-Lab Validation and User Acceptance

The validation of this prototype was twofold: on one hand, the technical feasability
of the system was confirmed by in-lab testing. On the other hand, it was assesses
the user acceptance and perceived usefulness by distributing a series of questionaries
to a group of healthcare assistants.

The test carried out in the lab consisted in the deployment of a scaled down
version of the overall system, where two volunteers act like a caregiver and a RAF
inhabitant equipped with one eZ430-Chronos wristwatch each. The goal was to ver-
ify the correct operation of the notification subsystem either when the assistance is
requested from the inhabitants or when it is requested automatically by interpreting
sensor data. Two use cases were successfully tried out:

� Assistance request from the inhabitant. In this case the volunteer acting as
the inhabitant requests the caregiver assistance by tapping three times on her
wristwatch. Dog notifies the caregiver in less than one minute providing the
name of the inhabitant that asked for his help. Then, the volunteer acting as
the caregiver reaches the inhabitant and turns off the request by tapping his
own code on the inhabitant’s watch.

� Notification of potentially hazardous situation. In this case the volunteer acting
as the inhabitant moves her arm in such a way that the middleware interprets
that something may be wrong. For such a test, there were defined fixed ac-
celeration intervals that trigger the notification to be sent to the caregiver.
This happens in less than one minute, and as before, the caregiver turns the
request off by reaching the inhabitant and tapping his personal code on the
inhabitant’s watch.

Figure 10.2 shows the notification received and displayed on the caregiver wear-
able device while running the first test.
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Figure 10.2. Successfully received notification.
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For measuring qualitatively the user acceptance of the system, a questionnaire
of 12 questions was distributed to a group of healthcare assistants. This group was
composed of 8 participants, all female, with different years of expertise (as reported
in Table 10.1 and in Table 10.2) that work in one RAF for people with physical
disabilities managed by the municipality of Turin. The questions were about two
hypothetical scenarios that describe the two aforementioned use cases.

Age Count
36-45 1

46-55 6

56+ 1

height

Table 10.1. Participants by age

Years of Expertise Count
5-10 1

15+ 7

height

Table 10.2. Participants’ expertise

The first scenario takes place in a ALF for people with mental disabilities, where
the system proposed in this paper has been implemented and is fully functional.
First, the scenario describes how the system works. Then, it presents a use case of
a caregiver that is able to assist in time one of the RAF inhabitants thanks to a
notification sent by the system after detecting automatically a hazardous situation.
The participants were asked to rate how useful they thought the system was, from
1 (“Not useful at all”) to 5 (“Very useful”). The average rating for the system
usefulness was 4.8 with many positive comments.

The second scenario takes place in a nursing home for people with physical dis-
abilities, where the system has also been implemented and is fully functional. First,
the scenario describes how the system works. Then, it presents a use case of a care-
giver that reaches an inhabitant that have requested assistance through a wearable
device and presents what happens when multiple alerts are issued. Again, the par-
ticipants were asked to rate how useful they thought the system was, with the same
scale adopted before. This time, the average rating was only 3.5. The general com-
ments were quite positive, while two volunteers suggested that requesting assistance
through a device could be “less personal” than doing it by voice.
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When asked about the acceptance of such a system, according to the described
scenarios and their own experience, the eight healthcare assistants expressed very
positive comments, especially about the choice of a wearable device like a wristwatch
instead of smartphone or similar.
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Chapter 11

Conclusions and Future Directions

This part of the thesis presents ten guidelines that could enhance the design and
implementation of healthcare support systems to aid caregivers in their daily activ-
ities, particularly within assisted living facilities for persons with disabilities. These
design guidelines were elicited after a comprehensive qualitative analysis of research
data collected from three focus groups, conducted with 30 caregivers of ALFs in
Northern Italy. The proposed guidelines are presented in Table 9.1.

Moreover, the design of a prototype healthcare support system, based on the
elicited guidelines, is described. The design monitors ALF inhabitants by measuring
and interpreting some of their body signals to notify the caregivers whether and
where their assistance is needed. In particular, the system allows caregivers to
be automatically alerted of potentially hazardous situations that happen to the
inhabitants while these are alone. In order to do so, an architecture consisting of
sensors, a middleware and wearable notification devices, was proposed. Although
this early prototype was not evaluated in-field, its technical feasibility was tested
in-lab and its acceptance was qualitatively measured through a questionnaire of 12
questions distributed to a group of 8 healthcare assistants.

How Can Others Make Use of this Work

As in the first part of this thesis, the objective of this section is to briefly suggest
to other researchers how they can make use of the work presented in previous chap-
ters. For this purpose, a superlative masters’ thesis named “Migliorare l'assistenza
in strutture per disabili: una soluzione IoT”, which stems from the study about
supporting caregivers in assisted living facilities (ALFs), is presented in these last
paragraphs. Such a thesis aims at implementing and evaluating in-field a healthcare
support system for caregivers within ALFs, as reported in [33]. In particular, the
system developed by Monge in [11] was designed to meet some of the guidelines
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reported in Table 9.1 of Section ??, which are the following:

� Design guideline DG2: System ubiquity.

� Design guideline DG3: Portability of devices.

� Design guideline DG5: Verification of assistance provision.

� Design guideline DG6: Self-direct caregivers’ attention to potentially haz-
ardous situations.

Hence, his system was capable of recognizing when an ALF inhabitant is suffering
a seizure, when she falls and when she requests for assistance. The system featured
a Pebble1smartwatch and an Android smartphone per user (i.e., caregivers and ALF
inhabitants), as well as a central server with a Java EE application runing a RESTful
service for coordinating the communication between devices. The general structure
of the system is described in figure 11.1, as it was illustrated in [11].

Figure 11.1. General structure of a system capable of satisfying 4 of the 10 result-
ing design guidelines for systems to support caregivers in ALFs for persons with
disabilities. Image adapted from [11].

1http://pebble.com
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The system was refined and it was evaluated in-field in two phases. First, it
was performed a functional test with two professional caregivers to verify the user
acceptance and the perceived usefulness. Second, the system was deployed in an
ALF for 36 hours, and the opinions of the involved caregivers and inhabitants were
collected. The results of this evaluation are presented in [33].

Similarly to this research, other researchers willing to explore IoT solutions for
the implementation of healthcare support systems in the context of ALFs may use
the design guidelines presented in previous chapters as their starting point and
source of requirements. In this way, they can be sure that their designed solutions
address concrete needs and solve real problems encountered by their final users,
in real-life situations. Moreover, it would be interesting to research whether the
design guidelines obtained in the context of ALFs for people with disabilities are
valid or useful for the implementation of support systems in hospitals, nurse homes
and similar structures that take are of persons in dependency conditions for reasons
other than disability, such as disease or age.
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Conclusion

This thesis is the resulting document of a three-year research on the field of Ac-
cessible Human Computer Interaction, which was carried out during the PhD pro-
gram in computer and control engineering at the Politecnico di Torino within the
e-lite research group. Such a research achieved several concrete contributions to
the fascinating realm that exists at the intersection between the Human Computer
Interaction world and the assistive technology field. In particular, this document
contributes to the state of the art of two branches of academic interest to the Acces-
sible Human Computer Interaction community: accessible video games for children
with severe motor disabilities and assisted living for people with disabilities. While
the former is still mostly unexplored, the latter has been calling the attention of
both academy and industry during the last years.

The presented research accomplished the initial goal of using different technolo-
gies (e.g., novel one-switch interfaces, wearable devices and intelligent environments)
for helping persons with disabilities in different moments of their lives: during child-
hood, when they need to play and share playful experiences with others, as well as
in an adult age, when they need more independence and privacy without sacrificing
safety and prompt support. The two main challenges that motivated this work were
successfully addressed:

� First, the problem that children with motor disabilities face as they cannot
access dynamic video games as their normally developing peers do, leading
them to reduced participation at leisure and playful educational activities, and
finally to a potential social exclusion. For tackling this problem the software
framework GNomon that enables to create dynamic one-switch video games
was designed, developed, implemented and then evaluated with a group of 8
children with severe motor disabilities.

As stated before, the results of this research are very encouraging and demon-
strate that, in fact, it is possible to develop dynamic one-switch games playable
by children with severe motor disabilities. In particular, 7 out of 8 children that
participated in the study expressed that they had fun playing the GNomon-
based games. Moreover, once the study was already completed, two of the
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children and their families asked the research group for the games, as they
wanted to continue playing.

� The second challenge, faced by professional caregivers that work with disabled
adults within assisted living facilities, consisted in the need of the former to
effectively monitor and be alerted of potentially hazardous situations that
happen to the latter. To deal with this question, a series of in-field focus
groups were conducted with 30 caregivers of assisted living facilities in North-
ern Italy. Then, 10 guidelines were elicited stemming from a comprehensive
qualitative analysis of the research data collected during the structured inter-
views. Finally, a prototype healthcare support system was designed based on
the proposed guidelines for its future implementation in an ALF located in
northern Italy.

The last conclusion of this research is not deduced from the results of this work,
but it emerged from the process and methodologies that I followed during the de-
velopment of the studies discussed in this thesis: technology should be a means to
carry out noble projects, and the nobility of a project is not given by the money or
the prestige derived from its completion; its nobleness is determined by the benefits
that its realization brings to the life of a community. Therefore, it is compulsory to
“go out the lab” and talk to the people, listen to them and learn about their needs
and desires. Moreover, it is essential to put our technical experience and know-how
at the service of humanities and social welfare for improving the quality of life of
the persons in need. In this manner, research is ennobled and transcends the ink
and the paper.
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Public Demonstrations of
GNomon and the GNomon-based
Games

The impact of the research about dynamic one-switch video games for children with
severe motor disabilities transcended the academia and was very well received by
the general public during the several public demonstrations in which the GNomon
framework and the GNomon-based games were presented. The following figures
document part of the success that this study had outside the accessible human
computer interaction community:

� Bimbi al Poli con Mamma e Papà 2015. The GNomon-based games One-
Switch Ladybugs and One-Switch Invaders were presented at the 21st edition
of this event, which is carried out at the Politecnico di Torino and is sponsored
by the newpapers Corriere della Sera/Corriere Economia and La Stampa. In
this occasion the sons and daughters of the employees of the Politecnico had
the opoortunity to play the GNomon-based games with a single switch (such
as the one used by children with severe motor disabilities) and with the Makey
Makey invention kit, which allowed them to “high five” for selecting the game
objects on the screen. Figures 2 and 3.

� La Notte dei Ricercatori 2015. The researchers of the e-lite research
group of the POlitecnico di Torino were presenting the research about Acces-
sible video games and demonstrating the GNomon-based games during this
initiative promoted by the European Comission. Figures 4 and 5.

� Abilitando 2015. GNomon was presented during this event that gathers peo-
ple interested in the world of assistive technologies in a two-days appointment
full of workshps, conferences and laboratories. Figure 6.

� Turin Jam Today 2015. GNomon was used to create the game “El GNomo
Loco” a drive-and-shoot multiplayer game for children with severe motor dis-
abilities and normally developing ones. The game won a special mention during
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Figure 2. Bimbi al Poli con Mamma e Papà 2015 (1)

Figure 3. Bimbi al Poli con Mamma e Papà 2015 (2)

this event by a jury of experts of the video game developing sector. Figure 7.
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Figure 4. La Notte dei Ricercatori 2015 (1)

� Article at La Stampa newspaper. One of the main newspaper of Turin,
dedicated a column to GNomon and the playability study that was being
carried out with one of the Local Health Agencies of the city. Figure 8.
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Figure 5. La Notte dei Ricercatori 2015 (2)

Figure 6. Abilitando 2015
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Figure 7. Secial Mention for the creators of “El GNomo Loco” during the
Turin Jam Today 2015
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Figure 8. Secial Mention for the creators of “El GNomo Loco” during the
Turin Jam Today 2015
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M. Schultz. Supporting patient monitoring using activity recognition with a
smartphone. In Wireless Communication Systems (ISWCS), 2010 7th Interna-
tional Symposium on, pages 810–814, 2010.

[49] D. Luiz, B. Faragher, A. Barnard, N. Knosen, N. Kotras, L.E. Burns, and
D. Challis. Griffiths mental development scales - extended revised, two to
eight years. Oxford: Association for research in infant and Child Development.
The Test Agency. http://www.hogrefe.co.uk/gmds-er-2-8.html. Accessed
January 11, 2016, 2014.
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