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Message from the general chairs 
 
Welcome to the AIRtech 2018 (Accessibility, Inclusion and Rehabilitation 
using Information Technologies) edition, celebrated in Palma, Mallorca, 
Spain.  
 
 AIRtech 2018 aims to establish an open exchange dedicated to the 
presentation and discussion about accessibility, inclusion and rehabilitation 
using Information Technologies. The term Information Technologies in 
context to this conference refers in general to the development, maintenance, 
and use of computer systems, software, and networks for the processing and 
distribution of data specific to the community or individual in relation to 
issues of accessibility, inclusion and/or rehabilitation. 
 
All the submitted papers were reviewed by members of the program 
committees of the workshops and symposia. The papers address the 
following topics: inclusive education, care assistance, cognitive impairment, 
information systems in healthcare, smartBAN, medical informatics and 
therapeutic applications. 
 
We thank all authors for submitting their articles to AIRtech 2018, and to 
program committee members for their thorough evaluation of submissions. 
We think AIRtech can be an interesting discussion meeting about these 
subjects, and repeat the conference in other locations. 
 
Finally, we invite all the authors to submit an extended version to the special 
issue Accessibility, Inclusion and Rehabilitation using Information 
Technologies in the Journal of Healthcare Engineering indexed at the 
Science Citation Index Expanded with 1.261 impact factor. The submission 
deadline is Friday, 8 February 2019. 
 

Antoni Jaume-i-Capó 
Richard Picking 
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Abstract—The research and innovation on education conducted
by an interdisciplinary group, promotes the use of the “on screen
interface”. This is a software tool meant to facilitate communi-
cation to three students affected by mobility impairments and
preserved intelligence, cerebral palsy (CP) by means of the use
of the computer along with customized push buttons, in their
school period. 3D printing techniques are used to personalize
switches. Their development undergoes different stages: design,
implementation, adjustment and then testing throughout several
academic years. Results show a satisfactory development. The
students achieve a sufficient level of autonomy in the teaching –
learning process. The also prove the need for the personalization
of the push buttons. The level of satisfaction is also perceived
among the academic staff and even the student’s family. We
highlight the assistance these technologies provide to the teachers
who have motoric disabled students in the classroom. As a
result, we emphasize the importance of prevention at an early
age, leading to the development of different resources and
personalized devices and their introduction in the educational
process in order to promote personal and social autonomy and
therefore, inclusion.

Index Terms—On screen interface, Information Technologies,
inclusive education, autonomy, learning-teaching.

I. INTRODUCTION

Soro-Camats, Basil y Rosell (2012, p. 56) [1], remark, in
relation to the degree of disability that, “not being able to
perform a certain action does not depend only on personal
limitations but also on the environmental condition around”,
this meaning that it is necessary to enforce inclusive environ-
ments. Observations conducted by Sevillano and Rodrı́guez
(2013, p. 121) [2] on the use of IT, picture the student as
a main actor on the learning process. This motivates the
student, awakening interest for learning and understanding and
enabling immediate transmission and reception of information
and as a result, a more flexible learning pace. Harding,
speaking about the ability to interpret children behavior at the
early years of their communication skills development: “may
be compromised since they do not communicate in a conven-
tional manner o because their expression may be the result
of physical rather than communicational factors”. According
to Coronas, Rosell y Pastallé (2012 [3]), when discussing
about not using conventional keyboards and mice, there is
a fair variety of alternatives employing switches of different
kind. The degree of autonomy their use provides depends

on the acquisition of specific skills. Changes on technology
lead to regular update of the electronic assisting devices and
especially in the computer. Improvements on these devices
are also driven by changes in student’s capabilities and the
appearance of new needs. We propose to take advantage of the
characteristics of the on-screen interface [4] (opacity, velocity,
size, etc) along with the use of 3D printed switches (versatility,
flexibility, fast prototyping, personalization, cost reduction,
sustainability and short series), according to Verbeeten y alt
(2017) [5]. We consider that the intervention of students with
special educational needs requires precise prevention to make
the development of self-concept and self-esteem possible.
It is also necessary in order to compensate low personal
competence and the lack of motivation for learning. Rossato
et alt (2014, p.150) [6] “...should support the development
of cognitive, sensory, visual and musculoskeletal systems,
involving play activities to enhance social integration”. . . . ” the
environmental enrichment issued to provide physical activity,
learning experiences, increased somatosensorial inputs and
social interaction. It induces plastic changes in the brain and
recovery of sensorimotor function” and “the early stimulation
with an enriched environment is able to prevent further deficits
on motor skills” (p.156) According to Sakash et atl (2018, p.
136) [7] “Children with CP who do not have impairments
in speech or language may be at risk for EF difficulties
which may negatively affect social communication, academic
performance, and functional independence”.

II. MATERIALS AND METHODOLOGIES

According to McMillan y Schumacher (2010) [8] a case
study is characterized by a reliable measurement (many ob-
servations as a data collection technique), repetitive measure-
ments (the same feature is measured repeatedly), description of
the conditions (as precise and detailed as possible), base line,
treatment condition (duration and stability) and one by one
variation rule. The initial hypothesis assumes that the use of
the on-screen interface and de design, development and adjust-
ment of the personalized switches, from the elementary school,
as an educational resource, enhances autonomous learning
among students affected by motoric disabilities, enforces self-
esteem and improves work environment in the classroom and
along with personal and social autonomy. In the first stage stu-
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dents are observed, paying attention to their learning progress
in relation to different issues such as: mobility, language and
communication, cognition, sensorial, social-affective, welfare
and health. In the second stage the most difficult tasks are
analyzed: assistance requirement, fatigue and attention. In the
third stage proposals for new devices are made: on-screen in-
terface (virtual keyboard) and 3D printed personalized switch.
Implementation in the classroom comes at the fourth stage.
The members of the research group test different types of
switches show up in the classroom and assess different options.
Time is adjusted to the methodological recommendations for
the educational level of the students. In the case of elementary
school, it is usually 10 to 15 minutes a day, progressively
increasing depending on the student’s personal conditions. In
the fifth stage, the research team assesses the evolution of the
students and the need for an adjustment of the devices.

III. RESULTS

After the implementation of the on-screen interface and the
personalized switches over the course of three academic years
we encountered:

• The three students under test have the feeling of a well.
• enables results in an enhanced self-esteem and the per-

ception of a better personal competence.
• assess their results applying normalization criteria.
• Both the on-screen interface and the 3D printed switches

become the tools that enable the realization of the neces-
sary adjustments for the student’s evolution in terms of
mobility, cognition, perception and sensorial.

• These resources are meant to prevent learning and mo-
toric difficulties inherent to students affected by CP.

• They also prevent further problems on students affected
by learning and mobility impairments.

• These tools have helped to overcome fear of failure and
enforced desire for self-improvement.

• Interest on self- achievement, motivation and satisfaction
for the knowledge acquired has also been obtained.

• Through the fine tuning of the switches students have
been able to initiate in the acquirement of literacy skills.

• The academic results obtained by the students have
been perceived highly satisfactory by the academic staff,
families, and the leading team of the school. They have
been assessed by means of interviews and tutorials.

• Other schools, hosting students with similar characteris-
tics, have shown great interest on the tools proposed in
this work.

IV. DISCUSSION AND CONCLUSIONS

Referring to the progressive elimination of assistive devices,
Soro-Camats, Basil y Rosell (2012) [9] suggest that there are
two ways for the kid to achieve autonomy: attenuation (gradual
reduction of the intensity of the assistance provided) and
structured wait (should the student fail, the aids are reinforced
to regain success). The process would begin with physical
assistance, and then move to verbal instructions. They may
also be combined. It is necessary to change the perception

of the individual affected by motoric disabilities unable to
displace or manipulate objects autonomously, not being able
to perform other tasks requiring movement. Ochoa (2010) [10]
argues that, although technology is present in many areas,
it has not spread enough, maybe due to the difficulty in
its use, compatibility issues, or the different criteria applied
to the design. On–screen interface along with personalized
switches have enabled students to perform tasks autonomously,
and improve self-esteem. The academic staff is aware of the
benefits of IT and knows the important role they should play
in the teaching – learning process. Nevertheless, they blame
the lack of training and time to think about the precise needs
to address. Training is available but, usually not connected
with the needs and the conditions in the classroom. It is a
shared endeavor that demands a large amount of dedication
on each one. Families are usually willing to collaborate in the
implementation of the resources. We could sustain that motoric
disability does not depend solely on physical limitations, but
also on the situations that emerge from the interaction between
that personal limitations with the barriers present on the en-
vironment. For Pereira et alt (2018, p.46) [12] “The existence
of rules and routines promotes autonomy and the sense of
responsibility, especially regarding school demands”. To recap,
Garcia [11] states that education must not respond only to
the impositions of the market since it implies promptness and
benefit. We defend a slow and sensible learning, emerging
from participative and collaborative environments. It is most
important the sense of what we do and the student’s perception
of being learning. (2013, p. 113)
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[2] Sevillano, M.L. y Rodrı́guez, R. (2013). Integración de tecnologı́as de la
información y comunicación en educación infantil en Navarra (Spain).
Pı́xel-Bit. Revista de Medios y Educación, 42, 75-87

[3] Coronas, M., Rosell, C. y Pastallé, N. (2012). Productos de apoyo y su
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Politécnica Superior. http://hdl.handle.net/10259/4400

[6] Rossato, M. et alt. (2014). Beneficial effects of early environmental
enrichment on motor development and spinal cord plasticity in a rat
model of cerebral palsy. Behavioural Brain Research 263, 149-157.

[7] Sakash, A., Broman, A., Rathouz, P., Hustad, K. (2018). Executive
function in school-aged children with cerebral palsy: Relationship
with speech and language. Research in Developmental Disabilities 78
136–144.

[8] McMillan, J. H. y Schumacher, S. (2010). Investigación educativa.
Madrid: Pearson Addison Wesley.

[9] Soro-Camats, E., Basil, C., y Rosell, C. (2012). Pluridiscapacidad y
contextos de intervención. Barcelona: Universitat de Barcelona- Institut
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Abstract  The increasing population implies increased 
cases of older adults living with cognitive impairment, 
functional disabilities and other related diseases. Considering 

 preference to live at their homes as long as possible, 
constant supervision and assistance are necessitated. 
CAPTAIN is a project that proposes 
technology designed to tur homes into a ubiquitous 
assistant 
daily activities and providing assistance whenever this is 
needed. Four main technologies are proposed from CAPTAIN 
including specialized input and output technologies (3D 
sensors, cameras etc.), to develop a platform for collecting and 
analysing of elderly data and to coach different intervals from 
the users. 
 

Keywords  elderly; cognitive impairment; dementia; care 
assistance; projective interface. 

I. INTRODUCTION  
 Ageing population is increasing year by year. Based on 
WHO interventions, the number of people aged 60 years or 
older will rise from 900 million to 2 billion between 2015 
and 2050 [1]. Along with the increased ageing world 
population however, the number of older adults living with 
cognitive impairment has also increased as this group is more 
vulnerable to mental impairments and other related diseases 
[2].  

Performance disorders are among the most common 
aspects of cognitive impairment and include the ability to 
concentrate, communicate and act accordingly in specific 
circumstances. Cognitive impairment is often accompanied 
by psychomotor dysfunction and the inability to perform 
certain functions, leading in loss of patients' social autonomy 
and the 
ability to think or remember events experienced is impaired, 
then the person may be present in unwanted situations or in 
the worst scenario may be placed in a situation involving 
considerable danger. Furthermore, functional impairment 
that elderly are subject to, is another reason which 
necessitates assistance and care on a daily basis. Elderly 
people require special attention and need carers by their side 
to provide them with knowledge-based care [3].  

Considering that elderly people prefer to live at their 
homes, telecare and mobile technology has a key role to play 
in supporting them and facilitate their home monitoring, 
enabling them to stay in familiar surroundings [4]. Properly 
designed electronic Health (eHealth) applications can 
support symptom reporting and management for elder 
patients and promote medication adherence [5]. Also, home-
based eHealth systems can result in a positive influence on 
perceived support, decision making and information 
competence [6]
allow them the comfortability of their home [7]. 

The aim of this paper is to introduce the Coach Assistant 
via Projected Tangible Interface (CAPTAIN) H2020-funded 
project which focuses at the early diagnosis and management 
of physical and mental disorders by recording and analysing 
emotional, behavioral and physiological data of the patients 
while they are at home. The emphasis of this work is given to 
the way the proposed project will serve the needs of the 
previous mentioned problem and enable daily assistance for 
the elderly population. 

II. MATERIALS AND METHODS 

As mentioned above, the CAPTAIN is targeted at the 
elderly population and especially those with cognitive and 

constant assistance for the elderly and maintain their 
independence by providing them with technologies that 
preserve their physical, cognitive and social well-being. In 
order to achieve this goal, CAPTAIN tries to transform their 
own home into a transparent and tangible interface where 
users can interact with projected screens whenever is 
needed. Fourteen partners from nine European countries are 
involved in this project which includes five Living Labs 
(LLs) and a nursing home. 
is combined to implement four main technologies: 

 Projective Augmented Reality (PAR): this 
technology will enable content and instructions to 
be projected onto a real context augmenting.  

 Gamified-coaching experience: is the 
implementation of a gamified story and a virtual 
coach for any user experience. 

 Non-invasive physiological and emotional data 
analysis: analysis of micro-expressions and human 
body pose. 

 Non-invasive movement and gait data analysis: 

sensors. 
 

A. Hardware and Software  
The proposed technologies require special equipment and 

software. The CAPTAIN will use several sensors, pico 
projectors, cameras, video cameras and microphones to 
apprehend and record a patient's pose, indoor movement and 
emotions. All input sensors (cameras, projectors, 
microphones, etc.) have to interact consistently therefore, the 
communication protocol between each device as well as 
cloud services as FIWARE and universAAL frameworks 
will be included [8]. The software to be used for each 
system's component is yet to be specified.  

B. Methodology 
 The involvement of final users during the 
implementation of a system plays a critical role to the 

     .  The  C APTAIN  a dopts 
The project is funded under the Horizon 2020 - Research and Innovation 
Framework Programme, H2020-SC1-2017-CNECT-1, SC1-PM-15-2017 
RIA: Personalised coaching for well-being and care of people as they age, 
Title of Proposal: CAPTAIN: Coach Assistant via Projected and Tangible 
Interface. 
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agile methodologies . The implementation  phase is divided 
into four sprints which will enable progressively check 

deliverables . 
Seniors from five partner LLs will be involved 

through  their 
feedback and evaluation, and enhance end-user acceptability. 

 
 

II. EXPECTED RESULTS AND BENEFITS 
The CAPTAIN aspires of being a future system that 

delivers the right services, at the most appropriate time, in an 
effective manner, wherever it is needed. Each of the four 
proposed technologies will be developed to serve certain 
purposes as described next. 

A. Personalized recommendations and follow-up 
 The CAPTAIN focuses at the physical, cognitive, mental 
and social well-being of the patients. Through the PAR 
technology, contextualised instructions will be projected on a 
screen urging the senior to complete several actions (such as 
cooking, exercising, etc.).  

 The senior will be encouraged to exercise in a context of 
a game (collecting virtual apples, virtual fishing, virtual 
hiking, etc.). Gaming instructions and recommendations 
projected on a wall will urge the senior to improve his 
physical condition. The s

will appear on the wall. Instructions will also be projected to 
direct the senior at the place where the health monitoring 
devices are stored, inviting him to measure his vital health 
parameters. The new measurements along with the past 
values will be projected on a surface next to him.  

 Contributing to se  social well-being, the CAPTAIN 
will attempt to reduce feelings of loneliness and isolation 
with appropriate greetings, for example, welcoming them 
home after a walk and asking whether they followed their 
scheduled program. Additionally, relations with 
friends and relatives will be supported by the project. The 
coach will present some videos and photos of the  
family and friends, thus enlarging his welfare and good 
mood. Furthermore, reminders and notifications will notify 
the senior regarding missed calls and online friends, since the 
CAPTAIN will be linked to  social media accounts. 

B. Prevention of unwanted situations 
Elders are the most vulnerable age group and often 

encounter undesirable circumstances due to cognitive 
impairment or functional disabilities that they might face. 
One of the expected outcomes is the prevention 
of such situations through a series of reminders and analysis 
of input data. 

Daily reminders will be projected through the PAR 
technology to ensure that the senior will never leave the 
house without essential stuff such as keys, money, phone and 
coat. Additionally, the CAPTAIN will inform the senior to 
switch off all the lights and electronic devices before leaving 
the house. Beyond these, the physiological and emotional 
data analysis will be able to detect whether the senior has 
fallen asleep and wake him up in case of need (e.g. forgotten 
food in the oven).  

Furthermore, movement and gait data analysis will detect 
the seniors  walking path and reveals whether they have a 
high risk of losing balance and fall. In such cases, 
recommendations will be projected for the senior to sit for a 
while and the coach assistant will be alert to contact a 
relative or a professional. 

 

IV. Conclusion 

 Ageing population constitutes a considerable concern for 
the health sector. As the most vulnerable age group it 
requires special attention and care that thankfully the 
technological advances can provide.  

 The CAPTAIN is a project oriented towards older adults 
and their daily assistance. It is hoped that the CAPTAIN will 
provide continuous provision of incentives, support and 
available assistance to elderly people who need continuous 
guidance and care and cope with the needs of this age group.  
A special attention is given to user requirements as these 
constitutes a reference guide for the development of 
CAPTAIN . It is also expected 

-
centered design and validation of non-obtrusive technology 
for physical cognitive and social well-being.  

 
seniors through the implementation phase will act as a 
catalytic privilege in meeting all the requirements. 

perceptions as a point of reference we 
can generate certain recommendations that may lead to a 
higher level of beneficial realization. 
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Energy-Efficient and Delay-Constrained MAC for Periodical Traffic in
SmartBANs

Jaume Ramis-Bibiloni and Loren Carrasco-Martorell1

Abstract— This work presents a SmartBAN MAC config-
uration that significantly increases sensors battery lifetime
through reducing transceivers energy consumption. To that
end, the proposed resource allocation scheme determines the
inter-beacon intervals (TIBI ) and sensors transmission periods
(Tti) in order to allow sensors transceivers remain in sleep
mode as long as possible while satisfying delay requirements of
scheduled and contention traffic. Numerical results demonstrate
that battery lifetime can be significantly expanded with the
proposed scheme, specially for sensors with long transmission
periods.

I. INTRODUCTION

A key to the widespread use of body area networks
(BANs) for healthcare and assisted living applications is
the use of low power sensors with long battery lifetime.
Consequently, one of the main requirements of the PHY and
MAC layers in these networks is the support of the different
strategies used by sensors to decrease power consumption.
ETSI SmartBAN standard (2015) [1], [2] has been designed
with simplicity and low power in mind, and first comparative
analyses [3], [4] with the more complex IEEE 802.15.6 BAN
standard [5] show lower connection times and energy con-
sumption. Although periodic uplink transmissions conform
the majority of BAN traffic, there are very few works that
analyze the scheduled access of existing standards. Authors
in [4] present an optimal time framework for periodic
scheduled traffic based on the SmartBAN MAC, whose main
objective is to minimize delay while trying to improve energy
efficiency. Since it is not worth wasting energy in reducing
delay when this is not a requirement, our proposal focus on
minimizing energy consumption while satisfying traffic delay
requirements, yielding improved energy efficiency through
prolonging the time transceivers remain in sleep mode.

II. SMART BAN STANDARD

In a SmartBAN, the data communication between nodes
and hub is performed through a data channel (DCH) [1], [2].
The DCH is partitioned into inter-beacon intervals (IBI) of
duration TIBI seconds, marked by the data channel beacon
(D-Beacon) transmitted by the hub. Each IBI is further
divided into LD time slots of duration TS . Apart from the
D-beacon, three periods can be distinguished in every IBI,
known as scheduled access period (SAP, corresponding to

*This work has been supported in part by MINECO (Spanish Govern-
ment) and FEDER under project TEC2014-59255-C3-2-R

1J. Ramis and L. Carrasco are is with Department of Mathematics and
Computer Science - Universitat de les Illes Balears, Cra. Valldemossa km
7.5, CP 07122, Palma, Spain loren.carrasco, jaume.ramis
at uib.es

scheduled data transmissions, TDMA based with NS ≥ 0
time slots), control and management access period (CMAP,
corresponding to unscheduled data transmissions, and man-
agement and control signaling, consisting of NCM > 0 time
slots), and the inactive period (InP, no transmissions). TIBI ,
NS and NCM are all adjustable paramenters.

A node can obtain scheduled allocation in SAP by re-
questing connection to the hub (C-Req message) in the
CMAP using slotted Aloha access. Upon reception of the
scheduled access grant by the hub (C-Ass message), the
node may transmit/receive using the scheduled access inter-
vals. In the C-Ass message, the hub specifies the sequence
number of the next IBI in which the node needs to wake
up for reception/transmission. It also indicates the number
of beacon periods between the start of successive wakeup
beacon periods in which the node needs to wake up. This
way, duty cycling sensors with off periods greater than TIBI

are supported.

III. SYSTEM MODEL AND PROCEDURE

We consider a SmartBAN organized into a star topology,
consisting of N nodes that periodically sense specific phys-
iological parameters and directly communicate the sensed
values to the hub. Sensing node i, with i = {1, 2, . . . , N},
is characterized by:

• its data generation period, Tgi, corresponding to the
elapsed time between successive sensing intervals;

• its data volume, Vi, which specifies how many bits of
data are generated during a sensing interval;

• its maximum allowed delay, Dmaxi, designating its
traffic delay requirements.

Accordingly, we determine:
• the number of allocated slots to sensor i, lsi,
• the transmission period of sensor i, Tti, corresponding

to the elapsed time between successive allocated trans-
missions of sensor i, obtained by grouping multiple data
generation periods of this sensor,

• and the interbeacon transmission interval TIBI .
To that end, a simple algorithm is proposed and illustrated

in Figure 1, whose main objective is to minimize the energy
consumed by sensors and hub, while ensuring the delay
requirements of the different traffic types [6]. As it was
shown in [4], the IBI length is inversely proportional to
the energy consumed by sensors and hub. Our proposed
eeAlgorithm maximizes TIBI while fulfilling the traffic delay
requirements. To that end, multiple data generation periods
of sensor i may be grouped to form the transmission period
of this sensor, Tti = p ∗ Tgi, p ∈ N+.
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Fig. 1. eeAlgorithm

IV. PERFORMANCE EVALUATION AND RESULTS

In order to characterize the performance of the proposed
eeAlgorithm we develop analytical expressions for delay,
transceiver energy savings of sensor nodes and hub, and
battery lifetime. In this Section, he behavior of the proposed
eeAlgorithm is analyzed and numerical results are contrasted
with the proposal of [4], labeled as optimal-IBI.

We consider a SmartBAN with 6 on-body sensors ([4],
Table II). According to [7], DAlrtmax = 200 ms and
Dmaxi = 3 s, while QTOTALi, TWup, IRx, ITx, IWait,
IWup and ISlp values are detailed in [3].

Figure 2 plots the energy savings and battery lifetime for
all sensors (horizontal axis corresponds to sensors sorted by
increasing values of Tgi). According to the SmartBAN PHY
layer specifications [1], NREPi = {1, 2, 4} repetitions of the
PPDU (Physical-Layer Protocol Data Unit) can be consid-
ered. It can be observed that the results corresponding to
optimal-IBI are enhanced when the proposed eeAlgorithm
is utilized. The obtained TIBI value is 100 ms with optimal-
IBI independently of the number of repetitions, while with
eeAlgorithm, TIBI values are 2000, 1000 and 400 ms for

1 2 3 4 5 6
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1 2 3 4 5 6
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eeAlgorithm REP=1
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eeAlgorithm REP=2

Optimal-IBI REP=4

eeAlgorithm REP=4

Fig. 2. Energy savings and battery lifetime for SmartBAN with 6 on-body
sensors

NREPi = {1, 2, 4}, respectively. It is observed that the
energy savings and battery lifetime are reduced as NREPi

increases. The reason is that a higher NREPi value means
longer packets need to be transmitted and, consequently,
more energy is required. It is worth noting that the proposal
in [4] obtains the same behavior for all sensors, while
when using the eeAlgorithm, the longer the Tti value, the
higher the energy savings improvement. The reason for this
enhancement is that with our proposal, sensors with higher
Tti can remain in sleep mode longer periods, thus reducing
the energy consumption. These results show that battery
lifetime can be significantly expanded with the proposed
eeAlgorithm, specially for sensors with higher Tti values
(it can be observed a nearly 500% increase for sensor 6).

V. CONCLUSION

The eeAlgorithm for periodic monitoring in SmartBANs
has been presented. This is an energy-efficient resource
allocation scheme that sets the duration of TIBI as long as
possible and may group multiple data generation periods of
sensors, while satisfying traffic delay requirements.
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Abstract The education of children with disabilities requires 
to be adapted to meet their special needs. Different strategies have 
been used to promote and engage children into learning, one of this 
is Computer-Supported Collaborative Learning (CSCL), which is a 
pedagogical approach where technology serves as a bridge to allow 
learners to interact, share and construct knowledge through a 
computer. The development of technological tools to allow CSCL 
is necessary to support teaching and learning processes, especially 
for children with special needs. Unfortunately, designers and 
developers of such tools do not create products that are accessible 
or adaptable to be used by children regardless of their abilities or 
disabilities, mainly because there is not a clear guide on how to 
implement such strategies. This study focuses on deafness which is 
a particular disability that affects the auditory channel and thus the 
development of social and communication skills. We propose an 
approach to foster the development of tools that can promote 
CSCL among deaf children.  

Keywords collaborative learning, deaf children, education, 
ICT 

I. INTRODUCTION 
According to the World Health Organization, about 15% 

form of disability and 5% (466 million people) have 
disabling hearing loss , mainly in lower-income countries, 
which affects disproportionally vulnerable populations [1]. 
This disability affects the auditory channel, and this is 
associated to other issues like the development of social, 
cognitive and communication skills. These issues isolate deaf 
community from the rest of society, especially when their 
main language is a sign language which most hearing people 
do not understand, and this creates a communication barrier 
between people. Literacy skills are also affected for deaf 
people [2], which restricts the access to information and the 
creation of new knowledge. Therefore, technology should 
intermediate to eliminate such barriers and make the world 
more accessible. 

Researchers play a key role in the development of 
technological tools aimed at deaf children and promote 
collaborative learning (CL) among them, but a review made 
by Flórez et al. [3] shows a lack of research regarding the 
implementation of CL strategies to support the education of 
these children.  

The study presented is part of a larger project that aims to 
propose a framework for the design of interactive 
collaborative tools. With this framework we want to provide 

the necessary elements to develop systems that can be 
nside the 

classroom. One of the main  aspects of the framework, is to 
define the collaborative learning activities and strategies that 
can be implemented in a technological tool. Therefore, the 
aim of this work is to analyze different frameworks and 
models to map game mechanics, collaborative game 
mechanics,  learning mechanics and positive 
interdependences. 

II. RELATED WORKS 
Different frameworks and models have been proposed to 

foster collaborative learning environments.  

The CoTree framework designed in [4] is based on a 
mechanism that employs a binary tree structure and an 
heterogeneous method to assign and organize a collaborative 
group. This study used the web-based environment to carry 
out a series of collaborative learning activities and to 

-construction of knowledge. Their 
experimental results showed that most learners can 
effectively construct a consensus with peers.  

In [5], a framework was proposed for the design and 
development of collaborative games that can stimulate a 
reflection and exchange of information. Th is framework is 
composed by a coherent relation among game mechanics, 
skills and learning.  

A framework for designing interactive digital learning 
environments for young people was developed by Tiradentes 
in [6][7]. This framework does not include collaborative 
learning aspects, but it can be helpful for designing 
interactive collaborative tools. This framework includes 
learning, user interaction and visual elements . 

III. PROPOSAL 
We propose a CSCL approach that could guide designers 

and developers in the development of tools that allow deaf 
children to construct knowledge by working with peers 
through computers. To achieve this, different frameworks 
and models have been analyzed to map game mechanics, 
collaborative game mechanics, learning mechanics and 
positive interdependences.  
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TABLE I.  MAPPING OF CSCL APPROACH 

Positive 
Interdepen-
dence (PI) 

Game Mechanics 
(GM) 

Collaborative 
GM (CGM) 

Learning 
Mechanics 
(LM) 

Role 
Identity 

Role play 
Behavioral 
momentum 

 Guidance 
Instructional 

Goal Collaboration 
Cooperation 

Common 
objectives 

Participation 
Demonstration 
Action/Task 

 Token 
Selecting/ 
Collecting 
Goods/ 
Information 

 Observation 
Generalization/ 
Discrimination 
Feedback 

 Cascading 
information 
Cut scenes/Story 

 Questions & 
answers 

Environ- 
mental 
 

Questions & 
answers 
Communal 
Discovery 

Questions 
Common 
discovery 
Exploration 
of real places 

Identify 
Explore 
Discover 

Resource Resource 
management 
Strategy planning 
Pareto optimal 
Appointment 

Information 
exchange 
Group 
Planning 
Sharing Ideas 
Generation of 
ideas 

Plan 
Objectify 

 T iles/ Grids 
Capture/ 
Eliminate 
Infinite gameplay 

 Experimentation 
Hypothesis 

Task Action points 
Game turns 
Levels 

 Repetition 

 Pavlovian 
interactions 
T ime pressure 
Feedback 

Feedback Reflect/ Discuss 
Analyze 

Outside 
enemy 

Protégé effect 
Meta-game 

 Imitation 
Shadowing 

Fantasy Movement 
Design/Editing 
Simulate/ 
Response 
Realism 

Suggestion of 
images 
Participatory 
design 

Modelling 
Simulation 

 Assessment 
Tutorial 

Self-
assessment 

Assessment 
Tutorial 

 Competition  Competition 
 Ownership 

Urgent optimism 
 Ownership 

Motivation 
Accountability 

Celebration/ 
Reward 

Status 
Reward/ Penalties 
Virality 

Common 
stimuli 

Responsibility 
Incentive 

 

This mapping will allow us to determine how 
collaborative learning could be implemented during the 
design of a system by deciding which of these elements can 

be used according to the purpose of the tool being developed 
which is influenced by learning 
and limitations. 

IV. CONCLUSIONS 
Collaborative learning strategies have been proven to 

promote different skills in learners, but its implementation is 
not easy, even with technology as a mediator. Tools should 
be designed taking into account the differences between 
learners, especially those with some type of disability. By 
creating systems that support CSCL, children with 
disabilities (deafness in this study) may have the opportunity 
to collaborate not just with other deaf peers, but also with 
normal-hearing children. 
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Abstract— Musculoskeletal disorders of the cervical area 
are common, with an increasing presence and economic cost in 
modern society. One of the therapeutic tools used in its 
treatment is therapeutic exercise. This paper presents the 
planning of the clinical evaluation of an app for neck 
therapeutic exercise with mobile devices. The aim is to 
determine the effectiveness of a serious game designed as a 
therapeutic exercise tool for neck pain rehabilitation. A clinical 
study will be performed, with two intervention groups, with 
pre and post measurements of pain, range of movement and 
neck disability. It is expected that this clinical evaluation 
process will demonstrate valid clinical evidence of the safety, 
performance and effectiveness of the interaction system.  

Keywords— Medical informatics application, exercise 
therapy, neck pain 

I. INTRODUCTION  

Musculoskeletal disorders of the cervical area are 
common, with an increasing presence and economic cost in 
modern society. One of the therapeutic tools used in its 
treatment is therapeutic exercise. 

The common treatment, usually supervised by a 
physiotherapist, includes mobility exercises, strengthening, 
resistance and motor control exercises, since they showed to 
be one of the most effective treatments for neck pain. The 
long-term beneficial effect is achieved by performing the 
therapeutic exercise constantly and over time, which requires 
high motivation and adherence to treatment when done at 
home. The adherence to the treatment will therefore be 
essential for the maintenance of the effects. 

The area of technology applied to healthcare (eHealth) 
has potential in the development of specific applications that 
manage and analyse the fulfilment of therapeutic exercises at 
home. It can have advantages when it comes to 
individualisation, providing accurate information about the 
patient’s evolution, allowing a follow-up and adaptation of 
exercises. During eHealth design and development process, a 
clinical evaluation is needed in order to prove safety and 
effectiveness of the interface or device. 

The present paper explains the development of 
interactive systems for rehabilitation in mobile devices 
focused on cervical area. Specifically, this paper presents the 

planning and development of the clinical evaluation of an 
app for neck therapeutic exercise with mobile devices.  

The aim of the study is to determine the e effectiveness 
of a serious game designed as a therapeutic exercise tool for 
neck pain rehabilitation, in terms of pain decrease, range of 
motion increase and disability index decrease. 

II. METHODOLOGY 

In order to prove the effectiveness and safety of the 
mobile app,  a clinical study will be performed.  

The hypothesis managed is that patients that do their 
therapeutic exercise by means of a serious game in a mobile 
device will decrease or maintain their pain, increase their 
ROM and decrease their disability in similar terms as 
patients that do their therapeutic exercise supervised by a 
physiotherapist. 

Participants will be patients with neck pain. The 
recruitment will be through the rehabilitation centers in 
Majorca with neck pain patients that do therapeutic exercise 
supervised by physiotherapists.  

After assessed for eligibility and confirmed the 
participation, by obtaining written consent, subjects will be 
randomly allocated into two study groups. 

Before starting the intervention, pain, cervical ROM and 
neck disability  will be assessed (T1). Pain will be assessed 
by asking subjects to indicate their pain on a VAS (Visual 
Analogic Scale).  The VAS scale used will be  a 10cm 
horizontal line divided into 10 equal parts, unnumbered. 
ROM will be measured by a physiotherapist by means of a 
goniometer and a software for cervical range of motion 
measurement Basic Pro (Werium Solutions). Neck disability 
will be assessed by using the Neck disability Index (NDI), a 
validated questionnaire to obtain information of how the 
neck pain is affecting a person’s ability to manage in 
everyday life. 

 

A. Intervention group 1. 

They will start intervention with 2 months of 2 or 3 
weekly sessions of therapeutic exercise by means of the 
mobile device with the serious game. Then, pain, ROM and 
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disability will be assessed (T2). After the 2 months, they will 
proceed to continue 2 more months of therapeutic exercise 
supervised by their physiotherapist. 

B. Intervention group 2. 

They will start intervention with 2 months of 2 or 3 
weekly sessions of therapeutic exercise supervised by their 
physiotherapist, followed by pain, ROM and disability 
assessment (T2) and 2 months of  therapeutic exercise by 
means of the mobile device with the serious game. 

After the intervention,  pain, ROM and disability will be 
assessed again (T3). 

Outcomes of VAS, ROM and NDI of both groups will be 
compared in order to prove the hypothesis.. 

III. CONCLUSION 

It is expected that this clinical evaluation process will 
demonstrate valid clinical evidence of the safety, 
performance and effectiveness of the  specifically designed 
interactive system for rehabilitation in mobile devices 
focused on cervical area.  
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Abstract— This study sets out to explore the effects of a robot 
cat for people living with dementia in their own homes. We 
recruited participants with symptoms from mild-to-moderate to 
severe dementia, with the aim of exploring the impact of the 
robot cat on the patient and their carer. This paper reports on a 
qualitative research study utilizing phenomenology to interpret 
the data gathered during group interviews involving people who 
live with dementia and their families.  Photo elicitation was also 
utilized with those who had taken photographs and who wished 
to discuss them. We present the acceptability and impact of the 
robot cat on symptoms of dementia represented as a trajectory, 
through early, mid and late dementia in the form of a case study 
with data presented across, and within, the group of participants. 

Keywords—robot companions, companotics, dementia, mental 
health 

I.  INTRODUCTION 
The study of companotic1 [1] animals is long established, 

demonstrating the comfort and improvements in wellbeing that 
they bring to people. Cherniak and Cherniak [2] discussed the 
benefits of pet assisted therapy. In particular, the effects on 
people with memory impairments are profound; a longitudinal 
observational study in the USA found that integrating pets in 
the care home environment created a sense of purpose and life, 
helping the person engage [3]. Moyle et al [4] found that 
engagement increased and agitation decreased for people with 
dementia using the robotic seal PARO. Robot pets have also 
been found to reduce loneliness in residential care settings [5].  
The effect of robot pets has been researched in the care home 
setting often [6,7,8], but of the 33 studies examined in the 
scoping review undertaken by Abdi [9], only one study has 
been undertaken in the home, and this was a humanoid robot 
rather than a robot pet [10].  

                                                             
1 Companotics: “The research and development of computerized 

companion devices, especially companion robots”.  

II. METHODOLOGY 

This research comprises a qualitative investigation into the 
use of robot cats (Hasbro’s Joy For All) as companion robots 
for six people living at home with family and/or carer support. 
The results are presented as a case study, since each person had 
varying degrees of dementia or dementia-like symptoms. Some 
people had a diagnosis of Alzheimer’s Disease, but some 
people were identified by their family as having dementia 
symptoms and so had come forward for inclusion in the study. 
Due to the variability in their symptoms, and their specific 
needs in relation to these, what follows is underpinned by a 
multiple case study methodology, analysed within and across 
cases.  

All but one of the participants were female and all had 
retired. Of the three participants without a diagnosis, but who 
had early symptoms of dementia, two were female and one 
male. Age was not recorded, as the participants’ dementia 
condition was the only characteristic of interest. 

As part of the data collection, interviews were undertaken 
with the people living with dementia and their families. In 
order to elicit further, more detailed information about the 
nature of the impact of the robot cat, participants and their 
families were encouraged to take photographs, which has been 
identified as a way to encourage discussion and recall when 
doing research involving people living with dementia [11]. 
Where a photograph was available, as part of the second round 
of interviews, photo elicitation was used to help the 
participants discuss the impact of the cat on their lives, and 
conversation flowed well when the participants presented these 
photographs during the interviews.  

III. RESULTS AND DISCUSSION 
There was no guarantee when presenting the robot cat to a 

person with early symptoms of dementia that it would be 
accepted. However, people who had no dislike of cats were 
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more amenable to accepting it. Conversely, there was also the 
possibility of a person immediately disliking the cat because it 
looked close to lifelike, which could possibly be attributed to 
the ‘Uncanny Valley’ phenomenon. One participant noted that 
she would much rather “stick to her teddies, thank you” as 
they were “much more of a comfort” (Participant two: research 
diary notes).  

What seemed to be more predictive, but by no means 
applicable to all, was the stage of dementia and acceptance of 
the dementia symptoms. Participant four’s family noted this,  
discussing: 

 
“She rejected it, it never really worked for her. The daughter (Granddaughter 
of the speaker) has a dog, which she brings and she sits there and strokes it. 
That’s why I thought it would work for her (Daughter one). 
 

This person rejected most interventions, and although the 
family had a diagnosis of dementia for their mother, they felt 
that they were unable to always “reach her” and didn’t “know 
what to do to help her a lot of the time” (Daughter one). 
Because of this, the family asked for the cat to be taken away.  

Where the participant was more accepting of her 
symptoms, such as participant five, and was known to be a cat 
lover, the cat was accepted. Her husband was pleased to have 
a photo taken, which he chatted about, saying the cat was 
always by his wife and that she seemed to enjoy it’s 
‘company’ (Husband one).  

For people with mid and late dementia symptoms, the cats 
became a subject of conversation between the participants, 
their families, and carers. In this way, communication was 
stimulated, and families particularly noted this where 
communication had previously decreased.  

Participants, family and carers identified that conversations 
were stimulated as a response to the meow, purr, and 
movement of the cat, and that this promoted conversations 
with family and others.  

Other participants and families found that there was a real 
stimulation occurring that went beyond motivating 
conversation. One of the strongest reactions came from 
participant six. This lady had suffered a recent deterioration of 
mood, functioning and communication. 

On visiting, the lady was said to be really fond of cats but 
would be unable to care for a real cat. She loved the little toy 
cat that was in the communal space in the complex, and often 
spent time petting it.  This may well have been a predictor of 
the immediate and strongly positive reaction on first meeting 
the robot cat. As the cat was brought into the room, she held 
out her hands to the cat saying, “Where have you been?”, 
addressing the cat, and took it into her arms and straight to her 
lap where she stroked it and spoke to it with affection.  

During the interview, Participant six was happy, and would 
talk to the cat at intervals. The family, delighted with their 
mum and grandmother’s calm, settled and happy demeanour, 

explained the improvement in her communication since she 
had the cat, even noting some improved memory: 
“Cat: Meow 
Participant six: (In response to the cat’s meow – speaking to the cat) Hello, 
there’s a good girl… 
Interviewer:  And she talks to you, doesn’t she? 
Participant six: Yeah. 
Granddaughter six: The whole family like her don’t they (Grandma)? The 
girls came from (Country) and they seen her, haven’t they? And they like her. 
Daughter six: Yeah, they were here last week for a week. 
Participant six: Yeah, it was lovely, wasn’t it? 
Daughter six: It was lovely.  You see (to interviewer), she’s remembered that, 
as well! 
Interviewer: is that unusual? 
Daughter and Granddaughter six together: Yeah 
Interviewer: Is it? 
Daughter six: Definitely.  

IV. CONCLUSION 
In this research, the benefits of the robot cat were clear, 

and although this was a very small-scale study, where they 
were accepted, they provided positive outcomes for the 
participants and their families.  
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Let’s Change before we have to 
 

Miguel Cabrer 
CIO at TopDoctors / Founder & 

Investor at Idonia.com 
  

Health technology can transform healthcare but only with 
implementation of basics such as collaboration, 
communication and transforming some traditional 
workflows. 

AirBNB, TripAdvisor, Uber, OpenTable, WhatsApp and 
many others have appeared in a disruptive manner and have 

changed the market and the approach to it. They each have 
two very important things in common: they are global 
concepts applied locally and are led by users who are the 
main beneficiaries of these platforms.The user is not only in 
the centre but is the centre. It is the user who directs, decides 
and values. 

 
 
 
 
 
 
 
 
 
 
 

Humanization of technology applied to teaching in 
health studies 
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Introduction: One of the challenges posed by teaching in 
the health sciences, is the training of care and humanized 
attention. To do this, we use technology to simulate spaces 
that represent situations that are as faithful to the professional 
reality as possible. Although the technical simulation aims to 
bring the student closer to real practice, it continues to pose 
challenges and dilemmas for teachers. On the one hand, 
when training non-technical skills, also called soft skills, 
which despite being indispensable in the humanization of 
assistance are cold, and on the other hand the need for 
interprofessional collaboration in the design and creation of 
technology of simulation. Aim of the session: To acquire 
strategies that can be undertaken in the field of teaching in 

eHealth to work both the humanization of the technology 
used in simulation and to improve the interprofessional 
communication. 

Methodology: The session will bring together teachers 
from the field of health and technology to discuss the needs 
of teachers in eHealth, the possibilities of humanization of 
technology and how to foster interprofessional 
communication. 

Simulated cases will be presented in digital format that 
give rise to a professional situation and from which a 
reflection will be established on the dilemmas that this raises. 
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Obtaining a normal dataset of the thermography of 
the human body 
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Although a lot of efforts were done in the past regarding 
clinical diagnosis of thermoregulation via thermography, is 
there no detailed overview of normal findings of the human 
body. The goal of this was to create a thermographic dataset 
of healthy persons. Skin temperatures were measured of 75 
body regions in 8 thermographic pictures. 63 healthy 
volunteers participated (27 female, 36 male). All probands 
were informed/consent. 

Two thermal cameras were used, a FLIR i7 and a Testo 
875. All thermographic pictures were taken under the same 
defined conditions, following a strict guideline. Every 
proband was questioned regarding deseases, medication and 
lifestyle. Every examination was thoroughly documented. 

The results of this work give detailed overview about the 
thermal distribution of the healthy human body. The 
obtained dataset can be used for further research. 

 
 

 
 
 
 
 

PRISM: The Palma Robot Interaction System 
Model 
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This session proposes to develop a system model that 
considers the impact of companion robots in terms of their 
place in a social setting. Our previous research has 
documented how a companion robot influences not only its 
primary ‘owner’, but also those around her, including family, 
carers, professionals, as well as the wider community. 

Our proposal is derived from the Neuman System model 
(1995), which is orientated towards wellness, based on a 
person’s reaction to stressors within not only the internal 
environment, but also the external environment. The model 
is drawn from, and there is some similarity to, Gestalt theory, 
in that the person is surrounded by a perceptual field, said to 

be in dynamic equilibrium. The model also declares that each 
part of the system (the person) is interrelated with others and 
all are interdependent, so that in terms of reactions to 
possible stressors, the whole system reacts. 

We will present an initial version of PRISM, and 
participants will be encouraged to critique and enhance the 
model in a workshop setting, drawing from their personal, 
professional and academic experiences. Following the 
workshop, we aim to refine and publish the model in a 
respected journal, and with a view to it being recognized and 
adopted in the eHealth curriculum. 
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Application of Item Response Theory to e-Health 
 

Irene García Mosquerra 
Balearic Islands University  

  

Although it was initially developed in the area of 
Psychometrics, the Item Response Theory (IRT) has been 
applied in several areas, including e-Health. During the talk 
we will discuss two of these applications. On one side, we 
will explain how to use models based on IRT in order to 
measure the e-Health literacy level. On the other hand, we 

will explain how IRT could be integrated into mainstream 
Computer Aided Diagnosis/Prognosis Systems, and the 
performance of this approach is discussed using a case study. 
Finally, during a practical session, participants will be taught 
how to use R language libraries that have been developed to 
implement the models based on IRT. 

 
 
 
 
 
 
 

 
 
 
 
 

Using AI techniques for healthcare. Application in a 
smart rollator 
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Assistive technologies play a key role in today's' society, 
especially when it comes to the older adults. They have 
enabled improvements in their Quality of Life, extending 
their autonomy and community living. This is important, as 
they can stay active safely and independently. The use of 
different types of sensors embedded in these devices 
provides huge amounts of data. Machine learning techniques 

have been useful to generate a new type of ubiquitous, 
continuous information that can be useful for patients, 
caregivers and health professionals. Efforts are focused 
especially on mobility assistance, fall prevention and activity 
recognition, which could be used, for instance, to monitor 
elderly population living in autonomy and community-
dwelling. 

 
 

Proceedings of the AIRTech 2018 Conference
ISBN: 978-84-09-05342-1

22



 
 
 

 

Patient-Centric Healthcare Services 
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This session wants to satisfy the elderly and cover the 
need for supervision so that they can continue to live in their 
home. To provide best practices to achieve a common 
understanding on eHealth, patient empowerment, based on 
existing guidelines and other information. The objective is to 
understand the necessity of having the electronic health 
record be the central repository for supporting emerging 

healthcare services. Thus, nursing homes will use an 
innovative projected environment to provide useful and 
effective conservative help for the virtual guidance of the 
elderly living in the home. Expected results is to develop and 
implement a new framework concerning the provision of 
next-generation healthcare services. 
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Endoluminal surgery 
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Minimally Invasive Surgery (MIS) has evolved rapidly 
and has arrived to maturity at the end of the last century. 
Over the last twenty years, a huge number of robots, such as 
the Da Vinci, has been deployed in surgery to assist surgeons 
in some difficult MIS procedures that are tough to perform 
manually such as off-pump heart surgery or percutaneous 
needle insertion in interventional radiology. New approaches 
using robotic assistance have been therefore developed to 

allow such kind of interventions. To go further and to reduce 
postoperative pain and eliminate the trauma to the abdominal 
wall during MIS surgeries, new types of surgery (single port 
and NOTES surgery) are currently under development. To 
succeed these new surgeries, robotic assistance is shown to 
be of great interest but remains very challenging. An 
example of robot will be presented. 
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From personalized medicine to Health policy 
making support though AI and data science in 

eHealth 
 

Karina Gibert 
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The session will show how Artificial Intelligence and 
Multivariate analysis techniques can be properly combined 
into a Data Science approach to analyze complexity in 
Health domains, in order to provide deep understanding of 
Health phenomena, suitable to support decision making at 
diferent levels, from individual patients, to Health policies at 
International level, including treatment protocols as well. 
Similar methodologies combining specific domain 
knowledge and data that have been successfully applied to 
real cases will be introduced. The session will provide a 
methodological overview as well as a perspective of the kind 
of impact in Health domains that can be achieved by means 
of these methdologies. Especial atention is required to 

postprocessing of data-driven models in such a way that 
Health experts can properly rely on discovered patterns for 
an effective decision support. The session will present some 
real applications to the development of an intelligent 
recommender for personalized diets (Diet4you project) from 
a holistic perspective, the identification of response patterns 
to a neurological treatment to support the design of treatment 
protocols (developed with Guttmann Institute in Badalona 
(Spain)), or the induction of a typology of Mental Health 
Systems in Low and Middle Income countries to support the 
design of development and intervention plans (developed for 
the World Health Organization), among others.  
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