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Abstract

Assistive Software offers a solution for people with didigébs to manage spe-
cialized hardware, devices or services. However, thess usay have difficulties

in selecting and installing Assistive Software in their ideg for managing smart
environments. This paper addresses the requirements s# kieds of systems
and their design in the context of interoperability arcttisees. Our solution fol-

lows a semantic approach, for which ontologies are a keypaper also presents
an implementation of our design proposal, i.e., a real aathlassystem which is

evaluated according to a set of functional and non-funetioequirements here
proposed.

Keywords: Software design, Assistive software, Ontologies, Softwar
non-functional evaluation

1. Introduction

Universal Access continues to be a critical quality targetmformation and
Communication Technologies (ICTs), as Stephanidis [1] dtakkis is especially
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important in industrial societies where there is a growingber of people with
special needs including those with aging-related conditions. Inded@iT$ may
require particular skills and abilities to interact witraffbrms, wireless commu-
nication systems and smart devices such as kiosks or ATMs.

Developing universally accessible smart environmentsrsl Iin terms of ef-
fort and required knowledge [3]. As an alternative, Asgestboftware (AS from
now on) provides an easy and feasible solution. AS represafitware products
specifically designed for people with some disability tlsatised to increase their
ability to manage information in a digital device. AS thenef makes it easier to
use ICT devices. This paper is mainly devoted to smart enwvigotis, e.g., the
smart home [4]. For example, a blind person could use ASliadtan her/his
smartphone for managing mainstream software to controlatsiv or an air-
conditioning system.

AS products can be selected in different ways. For examiphglg using trial
and error by 1) examining a user interface to determine venetls accessible or
not for a given disability (e.g., blindness), 2) finding an g¢¥®duct that claims to
solve the particular interaction issue, e.g., exploringjsiive technology reposi-
tories such as EASTI} 3) installing it, 4) returning to step 2 if the AS does not
solve the interaction issue and so on. Using this manual &GirAS selection, the
user spends time and money testing AS products that in thenaydnot effec-
tively solve the problem. Another interesting possibilgythe use of assessment
services [5, 6]. However, difficulties may arise in finding Assistive Technol-
ogy professional, e.g, in the very moment of browsing forifigthe AS product.
To address these issues, AS Recommender systems (ASR sfisisnsw on)
have been developed to help users in making decisions atitathaand timely.
An ASR system selects the most suitable AS for a specific gbageng as inputs
the needs and preferences of the user, such as privacy, ftgpgioe used or type
of disability.

This paper deals with the design of ASR systems and the egeints they
should address. The design solution presented here is @lsleléct the most
suitable AS automatically, following a semantic approadhdeed, the paper
presents the conceptualization of an ontology for AS silectFollowing the
design guidelines, we implemented a Knowledge Base for tt@agy and a real

1The terminology used in the paper as regards the disabiiiy fionforms to the International
Classification of Functioning, Disability and Health [2].
2http://www.eastin.eu/



and usable ASR system, which is presented in the paper. Biensypuccessfully
deals with non functional requirements such as respongeaird scalability.

To cope with complex environment necessities, ASR system®be deployed
in existing interoperability architectures. Such arattiees allow access to het-
erogeneous data sources through semantically enricheidesgre.g. using on-
tologies. For example, the SAPHIRE [7] interoperability arecture accesses
disparate data sources to retrieve patient-specific irdton through Web ser-
vices using standard medical ontologies. In our case, tblitacture ensures
that a) the user can interact with a controller de¥;i&® the target devices or ser-
vices can publish their user interfaces, c) the controkstiace capabilities can be
shown and d) the disability of the user is managed by the tactiore. The last
two conditions are mandatory for a fully automatic ASR systbut optional for
a semi-automatic selection. The ASR system presented hsreden deployed in
the context of the INREDIS [8] (INterfaces for RElations be&nweEnvironment
and people with DISabilities) interoperability architexet where it has also been
evaluated.

The paper is organized as follows. Section 2 establishesetherements for
an ASR system. Sections 3 and 4 lay the design foundatiorssgemantic ASR
system. Section 5 presents the ASR system we have develogeaalains how it
was deployed in INREDIS. Section 6 evaluates the ASR systewmirscenarios.
Section 7 describes related works. Finally, Section 8 weslithe conclusions and
future work.

2. System Requirements

Tom has an impairment; specifically he is a blind user. Hesfeeimfortable
and safer carrying his smartphone, especially when he is bhatsonative Spain.
After along trip Tom has just arrived at the hotel in Tokyo venlee has a reserva-
tion. It is his first time in this hotel. He enters the hotelmoand his smartphone
vibrates. It shows him some devices to interact with, suche@dthor the air-
conditioning system (AC). He feels a little bit hot, so he waled to operate the
AC through his smartphone to adjust the temperature andtagaéy to switch off
the timer, for instance an hour lateihis is an application scenario for an As-
sistive Software Recommender (ASR) system. Tom needs to atitaity set up
interfaces in his smartphone to operate the applianceihdtel room.

3A controller devicge.g., a smartphone) allows the use of assistive techresdgibridge the
gap between a user with a disability and a service or targételee.g., a TV.
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The requirements for ASR systems were carefully studiederiNREDIS [8]
project. At the beginning of the project more than one thodsend-users were
asked through guestionnaires and interviews to list thegds and preferences.
Specifically,400 telephone surveys arid7 online surveys were carried oy
with deaf persons angit0 with people with other disabilities). The respondents
were randomly selected among ONCEembers. Moreover, seven discussion
groups were set up for people with different impairments.adidlition, fifteen
open interviews were carried out with professionals, ay théormants”, on dif-
ferent profiles of disability. All this information was usgffor developing an
initial prototype for self-detecting user’s needs and téfes according to ISO
standard 24756:2009 [9]. Our conclusion is that an ASR systeould meet the
following requirements:

Requirement Description

FR1 Detect “accessibility issues” for users with disabilities

FR2 Support anonymous and profile-based requests

FR3 Provide a weighted list of Assistive Software products automatically

FR4 Advise the user whether the selected AS is compliant with available
data protection laws

FR5 Incorporate self-learning capabilities according to users’ criteria

FR6 Install the selected Assistive Software automatically

FR7 Adapt to the needs of the user

NFR1 Be flexible, easy to use and communicative according to Nielsen
principles [10]

NFR2 Have a response time according to Nielsen principles [10]

NFR3 Be scalable in well-defined environments (e.g., smart home and facilities)

Table 1: System requirements

Functional requirements (FR) define the scope of the system the user
point of view. The user will select the AS of her/his choicenfr a list (FR3,
FR6). This list is built considering the needs and prefereruehe user (FR1),
who could also make requests to the system anonymouslyghrgeneric pro-
files (FR2). FR5 confers learning capabilities on the systeam forevious user
selections.

Non-functional requirements (NFR) shape the system operatiode. In this

4ONCE is the main Spanish organization for blind people. I§agartner in the INREDIS
project through one of its companies, Technosite.



respect, the main concern is to create an appropriate emvent in which people
with disabilities and elderly people can operate. In theafentioned interviews,
ONCE experts advised us that the Nielsen principles (NFR1 &Ad2) were a
major source of satisfaction. Regarding system response (INRR2), Nielsen
establishes that:

e 0.1 second is about the limit for having the user feel thatsygem is
reacting instantaneously.

e 1.0 second is about the limit for the user’s flow of thoughttay suninter-
rupted, even though the user will notice the delay.

e 10 seconds is about the limit for keeping the user’s attarfboused on the
dialogue. Users should be given feedback indicating whenctmputer
expects to be done.

Although the target audience in our system has special néleelsesponse
times must be similar to those for users without these neetisaking into ac-
count the time spent by disabled people in operating theetatgvicé. Then,
for the ASR system the expected response times should bmhise intervals.
Regarding scalability (NFR3), an ASR system should scaleinvitie architec-
ture where it is integrated, in our case the INREDIS architectINREDIS was
projected for a wide range of real world scenarios with a mghmber of users.
Examples of scenarios where INREDIS has been deployed awgdeservices
(location and purchasing tickets for events), smart horhé§ [urban network-
ing [12], social networks [13] or banking services (ATMs}#]1

Our functional requirements can be addressed at desightfeeeigh several
processes of knowledge management, which are describeeciios 4. These
processes rely on an ontology, described in Section 3. Tablatches each re-
qguirement with the process or processes that address ihapatt of the ontology
required. An assessment of the functional and non fundti@ggiirements is re-
ported in Section 6.

3. An Ontology for ASR Systems

An ASR system implements processes, as described in SégGtionaccess-
ing multiple sources of knowledge, most of them on the Welr. é&xample, the

SFor example, blind people interact with tactile interfabgsmeans of an immediate audible
feedback.



Table 2: How system requirements are addressed througlapes p

Requirement Processes Part of the ontology
in Section 4 in Figure 1
FR1 Detect Discrepancies and A
Check Feasibility
FR2 (1) 2
FR3 Match by Score B,D,E,F
FR4 Score Privacy C
FR5 Match by Log 2)
FR6 Sort and Install (2)
FR7 3) A
NFR1 Assessed in Section 6
NFR2 Assessed in Section 6
NFR3 Assessed in Section 6

(1) The system can be anonymously accessed through an interfaeéloitd

(2) The ontology does not apply here.

(3) The Interface Generator component, see Section 5.2, addressesgthirement by
adapting the interface to the needs of the user.

Assistive Software products themselRese deployed on the Web. Of the dif-
ferent technologies available for representing, storind imferring knowledge,
ontologies [15] have proved feasible for common semansigds and especially
for developing Web systems. Ontologies provide semarag=d advantages for
systems that address accessibility requirements [16]. #ssahargument, a se-
mantic approach also facilitates the deployment of recong@esystems within
auto-discovery architectures, as we illustrate in Sedion

According to [15], an ontology is a formal specification ofreaged conceptu-
alization. This definition fits with the cooperative processhave carried out to
develop the AS ontology which was periodically reviewed byrenthan twenty
researchers from different areas. The ontology here pemspaddresses AS fea-
tures and relationships, and its design ensures that althtbenation needed by
the processes to cope with the system requirements is madalde, as sum-

6According to EASTIN (www.eastin.eu), the principal AsaistTechnology Information Net-
work in Europe, the number of Assistive Products availahl¢he EU increased to more than
eighty thousand in 2014.



marized in Table 2. In order to be processed by a system, aioggt must
be formalized and implemented; in this regard we have usedvithontology
methodology [17].

Methontology allows cooperative specifications to be @@atsing a refine-
ment process until an agreement is reached and propose®fastions which
we followed in order to achieve the conceptualization deddbelow. We used the
Web Ontology Language [18] for implementation, a widely pteéd standard for
this purpose. Other processes such as formalization anttenance do not rep-
resent any relevant contribution to the goal of the papethep are not described
here.

3.1. Ontology Conceptualization

To conceptualize means to organize and convert an infoyrpaliceived view
of a domain into a semi-formal specification using differesgresentations. For
this purpose different cooperative tasks need to be defiiéed.specified each
task using a versioned online spreadsheet and a wiki toidegtyem through an
iterative review/refinement process. It may be considemat dn ontology con-
ceptualization is always done from a subjective viewpamtesit is performed by
human beings. However, even if the terms and relationshigsepted here could
be conceptualized in a different way, we must consider thatrdology requires
a consensus for its widespread adoption. This researcasemis a consensus of
many people from different scientific and business areasciggally, around 50
PhDs and engineers participated in the consensus. Arowgtthonsand end-users
were interviewed in the context of the INREDIS project. Sorfghese interviews
were used as inputs for the ontology, for example to conedipticommunica-
tion channels. Psychologists and sociologists partiegbas usability and acces-
sibility experts, also to conceptualize language relatattepts. Electrical and
electronic engineers advised on devices and controlldride womputer scientists
and software engineers addressed mainly architectuaiteceissues. The project
was assessed 2y assistive technology experts. It is also important to noée t
our proposal makes use of standards to avoid subjectivepaiets whenever pos-
sible.

In the following we present the ontology through some ral¢vapresenta-
tions obtained during the conceptualization process.

Glossary of termsOne of the first documents needed for the conceptualization
is a glossary that ensures that every person involved in theeps understands



the same concept when a term is used. The full output docatiemtcontains
around forty terms. Table 3 shows an explanation of five texsnsn example.

Table 3: Glossary of terms

Name Type Synonym Acronym Description

Authentication  Concept Authentication AM User’s way to @ss restricted
Method Mechanism or customized contents in the AS
User Controller Concept T | The interaction point between
Interface the User and the Device

Code Concept Set of features that the message

has to comply with to be understood
by Source and Destination

Format Concept Logical coding standard that
Devices use to transmit the
information

Language Concept Languages that the AS supports:

ISO i18n and localization

Taxonomy and ad-hoc binary relations diagramlthough Methontology does
not prescribe the type of diagram to be applied, we have chibsestandard UML
class diagram for several reasons: 1) it is independengedfrial implementation;
2) it is sufficiently concise but has a broad set of nativeti@tship types; 3) it is
flexible and scalable when extensions are required.

Figure 1 illustrates this document. The concepts in the édwave been
grouped in setsA to F) to highlight the requirements addressed, as illustrated
in Table 2. In the following we explain some of the most reléveoncepts. Set
A contains concepts for detecting discrepancies, checkmglility and adapting
the system. The central concept is tssistive Softwar¢ghat performs trans-
formations on interfaces. Aransformationhas one sourcénterfaceand one
targetinterface Thelnterfaceclass is specialized in two interfaces, one between
UserandController (i.e., U.C_l) and another betweddontroller andTarget(i.e.,
C_T.l). A Controller, e.g. a smartphone, is a device to mandgeets A Tar-
getcan be a device or service which the user wants to interabt Witsends its
interface to theController via C_T_I and the interface is adapted by the controller
for the user via UC_I. The U_C_I interface is leveraged by thHdserto send ac-
tions to the controller. Such actions are translated via_IC so theTargetcan
execute them. The specialized interfaces allow commonepties to be shared
with the value partitions proposed by [19] Ghanneland Format as well as to
express richer transformations from dnéerfaceto another; e.g., transforming a
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“normal” visualChannelto another visuaChannelwith screen magnification that
transforms a specific IC_I with PostConditiorof 250%. SeB contains the con-
cepts related to standards and entities for certificatioASf SetC includes the
concepts that deal with data protection. Eéntroduces the concept of Reviewer
for the AS since a special feature of our system allows thiotaf the AS to
be known, before installation. Finally, Seétincludes the concepts needed for in-
stallation, configuration and authentication of the AS,chihare supplemented in
partD with concepts to describe the properties of the SaaS (Satasa Service)
since the architecture also allows to install softwarerageg Web services.

Dictionary of conceptsThis document describes properties and relations for each
concept in the taxonomy. An excerpt, from the thirty termsadibed, is depicted
in Table 4.

Table 4: Dictionary of concepts

Concept I nstances Class Instance Relations
Name Attributes Attributes
Authentication  notNecessary authenticationPlace atitadionType- -
Method byCookie

byPrompt

byCaptcha

Screenl
User Controller Qwerty4 Source transmitter hasChannel
Interface Destination receiver hasCapable-

Transmitter

Rules for querying the ontologRRules make querying easier and faster, at the
cost of increasing the number of assertions. Table 5 offersxample: the rule

to assert that an AS can be used to ensure a correct interéaedn aUser
and aController. The complete catalogue contains fifteen rules for querging
ontology.

4. Design of an ASR System

The ontology described in the previous section establishasepts defining
the information needed by an ASR system. Based on this, we d@weeived
a sequential process, consisting of five main activitiesrasgmted in Figure 2,
which addresses the requirements we established in SettiGuch a process
conforms to a high-level behavioural design of an ASR systeinile the ontology

9
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Figure 1: Taxonomy and ad-hoc binary relations diagram
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Table 5: Rules for querying the ontology

Rulename Description Expression Concepts  Referred
relations
AS suitable  Given a User User(Tus)A User isAbleTo-
foraUser  anda Controller isAbleToReceive(?us, Controller, Receive,
Controller  Device, assert the ?ucil) A Controller(?ed)A Transform  transmits-
Interface ASthatcanbe  transmitsTargetDataTo(?cd, ASforUCI TargetData
used to ensure the 7uci2)A (Assisted- To
correctinterface  T'ransformation(?tf)A Interface)  hasSource
between them. hasSource(?tf, Tuci2)A hasTarget
hasTarget(?tf, Tucil)A performs
per forms(Tas, 7t f)A
=
swrlx :

makeOW LT hing(?ai, 7as)
NAssistedInter face(?ai)\
isFeasibleFor(?as, ai)\
hasRawTransmitter(?ai, ?cd)
NhasAssisted Receiver(?ai,
?us)

can be seen as the structural part of the system. In the fiolipwve describe each
action contained within the process.

4.1. Detect Discrepancies

This action addresses part of requirement FB&téct “accessibility issues”
for users with disability, see Table 1. By “accessibility issues” we understand the
needs, capabilities and preferences of the user for magagaontroller device.
“Accessibility issues” might prevent the interaction oéthiser with the controller
device. Hence, the system needs to compare the chardcteofthe interaction
that the user is able to perform with those that the contr@lable to emit/receive.

For detecting discrepancies, we leverage the ontologyaittiqular, informa-
tion regarding the user’s interaction capabilities is espnted in the ad-hoc bi-
nary relations diagram, Figure 1-set “A”. Binary relatioipshisAbleToReceive
isAbleToTransmjineedsToTransmitBgndneedsToReceiveBletweenJserand
U_C_I (User Controller Interface) are used to specify the usesimmunication
capabilities for a specific channel (e.g., audio, image)e fdationshipgprefer-
sToReceiveBgnd prefersToTransmitBgre used to specify the user's communi-
cation channel preferences. When these relationships eppgay in the ontol-
ogy, i.e., there is no instance for this purpose, the syst&suraes that the user

11



Detect discrepancies

[discrepancies not found]

[discrepancies foung

Check feasibility

[ListAS [ListAS=1]

[ListAS>1]
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[AShistory found]
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Score ballot
Ecore deployment method|

Weighted Score

-

®
v

Error List of AS AS

v
@<

Figure 2: Process for AS recommendation
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has a special need related with that channel. Hence, thensysis detected a
discrepancy. For example, if it has not been explicitly dadéd that the uses-
AbleToReceivee.g., audio, the system will not use this channel to comoaiai
with the user or it will check for an AS, as explained in thetrs®p, to cope with
the audio interaction if possible.

Finally, if no discrepancies are detected for a particutemmel and user then
there is no need for an AS to mediate in the interaction, ssebemmendation
process terminates, as depicted in Figure 2.

4.2. Check Feasibility

This action completes requirement FR1 and also uses thesgudrihe ontol-
ogy, Table 5, through the concepts of Figure 1-set “A”. Thalg®to analyse each
discrepancy found in the previous step in order to checkehsibility of each AS
to enable the interaction between the user and the controlle

EqQ. 1 checks the feasibility of using an AS to emit. For intéicn 7, we con-
sider the input peripheral -target device- able to supporte(action!”’) and the
user’s capabilities and preferences for emissiondraction?). Trans formation;
is associated with any of the adapted interfaces presehgimteraction. We an-
notate these abuteraction!” andInteraction§™ for the input and output trans-
formation.

matchEmission

(Input Peripheral;, Intemctionf, Trans formation,)

. _ -
Interaction!t = Interaction?T)A\
1 ! J
exac
Interactiont™ = Interaction
! ' 1)
B rial [ (Interaction{™ C Interaction[”)A ]
artia
b (Interactionf C Interactioni")
\ fail otherwise

For the reception, we perform an equivalent matching in Eqrtds checks

13



the feasibility of using an AS to receive:

matchReception

Output Peripheral;, Interaction®, Trans formation;
7 J

/ -

. (Interaction®” = Interaction!T)A |
exac
(Interaction?” = Interactionk) )
B rial [ (Interaction?? C Interaction!T)A ]
artia
b (Interaction?™ C Interaction’)
\ fail otherwise

In consequence, for each accessibility discrepancy werobteee sets ofAS
instances, two of which might either completely solve oreatst alleviate the
undesired “accessibility issueéXactandpartial matches). From now on, the set
of AS instances, or products, that are able to solve the accltysiroblems are
namedSet 45 both in text and formulae. The following actions are inteshde
ascertain the most appropriate AS.

4.3. Match by Log

When the user has already employed the system to interacttmatisame
target using the same context, then we retrieveARéistory. If this set differs
from Set 45, then AShistory is deleted, otherwise the recommendation process
terminates.

4.4. Match by Score

This action is split into six and is applied to each AS3#t 5. Each of the
first five actions scores one important aspect of an AS: canpd with standards,
privacy policy, ballot, deployment method and setup it The last action is
for weighting the scores.

1. Score Standards CompliancEhe best score is obtained by those AS com-
pliant with worldwide accessibility standards endorseddnognized bod-
ies. Instances of concepts in Figure 1-set “B” are querieagusg. 3, where

14



£ means cardinality:

t({(z € AccSt) | (x € hCW(AS))})

SCOTestandard(AS) :max(ﬂ({(x c AccSt) | (£ S hCW(y))})) -
y € Setas
being )

AccSt = Accessibility Standard
hCW (AS) = is Compliant With (AS)

whereq is an adjusting coefficient regarding the geographical sadghe
recognized body.c = 1 is reserved to worldwide organizations such as
W3C, and values near to 0 mean local entities of minor relevance

. Score Privacy PolicyThis step checks whether thg5 complies withdata
protection measuresndorsed by security bodies. It is important to note
that, in accordance with many laws in different countrieBewanAScom-
plies with adata protection actevel it also complies with certaidata pro-
tection measuresThis is taken into account here via rules to assert such
measures. This is the case, for example, for the Federal Brataction
and Information Commission of Switzerland or the Data PitaiacAct in
Spain. Instances of the concepts in Figure 1-set “C” are gdessing Eq. 4:

t({(x € DPM) | (x € iCW(AS))})

scoreprivacy(AS) = e DPM) [ (2 € iICW () 1))
y € Setas
being “

DPM = Data Protection Measure
iCW(AS) = is Compliant With (AS)

. Score Ballot. This step checks how many reviews the AS has. Although
there are many advantages in including reputation and tnuatrecom-
mender system [20], anonymous recommendation is also wseddsafe-
guard the information concerning users’ impairments. Egs applied

15



guerying instances of Figure 1-set “E”:

t{(z € R) | (AS € gF(x))})

maz(§({(z € R) | (y € gF(z))}))
y € Setag

being
R = Reviewer
gF(x) = gives Feedback Info of (x)

scorepaor(AS) =

(5)

. Score Deployment Methodhis score is intentionally unbalanced because
a common difficulty for people with disability is installitge AS, and this
problem is to a great extent avoided by using a Software ap@c8€SaaS).
Eqg. 6 is applied querying instances of Figure 1-set “D".

1 if AS € Assistive SaaS
0 otherwise

Scoredeployment(AS) - { (6)

. Score Setup UtilitiesThis step scores the ease of access and use of the AS.
All instances of the concepts in Figure 1-set “F’ have predefivalues,

for example for Remote AM (i.e Authentication Methodthe values are
notNecessary=1, byCookie=0.8, byPrompt=0.6, byCaptcHaad need-
sAssistance=0. Eq. 7 uses these values, whereX ) is the value assigned

to AS for concept X.

SCOTEsetup(AS) =
% (vas(R-AM) 4+ vas(CM) +vas(HS)) if AS € SaaS
T (Vas(L-AM) +va5(CM) 4+ vas(HS) +vas(IM)) if AS € DW
0 otherwise
(7)
being

R_AM = Remote Authentication Method
L_AM = Local Authentication Method
C'M = Configuration Method

HS = Help System

IM = Installation Method

SaaS = Software as a Service

DW = Downloadable Software

16



6. Weighted Scote This step weights the previous scores according to the
user’s preferences and the domain expert's assumption®. iEgised:

EiGScore(WUi : WDEi : SCOT’(B,L'(AS))

WSy (A5) = t{Score}
being
U = user (8)

Score = {standard, privacy, ballot, deployment, setup}
Wy, = Weight that the user assignsito
Wpe; = Weight that the domain expert assigns to

4.5. Sort and Install

This is the final step of the whole AS recommendation process Figure 2.
The set of AS products/services will be presented to the aseording to the
weighted score. The system needs to be prepared to autatiyapoovide the
first AS on the list (i.e. the most suitable AS for the giventeat).

5. Implementation and Deployment

We have followed the design guidelines set out in Sectiomxi3ldo develop a
real and usable ASR system. Subsequently, we conducted @letenavaluation
of this system, presented in Section 6. This ASR system wpbyled in the
INREDIS architecture, which was especially designed forpédg interfaces to
people with special needs. The remainder of this sectiocritbes the deployment
of the ASR system and highlights some important implementassues.

5.1. Deployment in the INREDIS Architecture

The INREDIS project (INterfaces for RElations between Environment and
people with DISabilities) aimed to develop interaction whels between people
with some kind of special need and their context, where thgeta were auto-
discoverable devices and services. Figure 3 presents difsahview of the
whole INREDIS architecture. More than 200 researchers fréi8danish compa-
nies and 19 research organizations collaborated to cathedNREDIS project
during 48 months with a budget €23.6 millions. The ASR system consumed an

"http://lwww.inredis.es/default.aspx
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important part of the INREDIS resources. It was conceivedwas\gersal solution
capable of providing people with disabilities and eldergople with accessible
and personalized interfaces according to their prefeseand needs.

Let us return to the scenario introduced in Section 2 to fgldwmow the ASR
system fits into the INREDIS architectur@om wants to operate the air condition-
ing system (AC) in his room. Firstly, he accesses the INRED¢Sigcture with
his nickname and password using his smartphone (contiddtece). Secondly,
the ASR system helps to select and install interfaces, doaptto his disabili-
ties, for controlling those new services and devices n@aaly managed by his
smartphone. A screen in his smartphone displays the alai@atyet devices and
services, grouped by environment, e.g. “Smart Home”, “Botgland Services”
and “Health Care”, among others. These devices and senepesd on the user’s
location, in this case the hotel. Obviously, all screenadjalneed to be accessi-
ble and adapted to the specific needs and preferences ofgheTosn navigates
through the screen dialogs until he identifies the AC, foraneseg, in the “Smart
Home”.

The INREDIS architecture is an event-driven and servicerwed architec-
ture. As outlined in Figure 3, it considers a user surrourfzied set of devices
and services, the architecture uses different interogdeyatrotocols and frame-
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works (such as URC [21], OSGi or Web Services standards) tiitdide the inter-
action in accordance with the specific nature of each tamgatd/service. When
there are “accessibility issues” between the user and thteatler device, then the
ASR system starts executing various actions: it detectsepsncies, it discovers
AS instances automatically and it launches the rest of thegsses described in
Section 4.

The most relevant software and hardware components forlNREDIS ar-
chitecture are depicted in the deployment diagram in Figurdhose software
components that implement the ASR system are highlightepley, specifically
the ASR component itself, the Knowledge Base (KB in Fig. 4 #daptive
Modelling Server (AMS in Fig. 4) and the Interface GenerdltGrin Fig. 4). The
following subsection describes interesting implemeataissues for each compo-
nent.
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5.2. Implementation within INREDIS

ASR ComponentThis component implements the processes described in Sec-
tion 4. Hence, it provides automatic discovery and configomeof assistive tech-
nologies, in a smart and transparent fashion reducing thetirex accessibility

gap that may exist between the users and their universalatientdevice. This
component aggregates three OSGi [22] components/bunadlies database com-
ponent deployed in the same server, as follows.

Request ManageBeing an OSGi bundle this component shows a Web service
that is invoked by INREDIS when an AS product is needed. INRERides
several parameters (user identifier, user device and taegeice or device) and
obtains a list, of the available AS products, that matchesequest. This compo-
nent manages the concurrency of the requests and sendsattieenAS Detector.
Once it gets an answer, it then creates the list for INREDISdls® includes the
configuration of each AS product for the current user.

AS Detector. This manages the requests sent by the Request Manager aresquer
the Knowledge Base (KB) for the most suitable AS products. Oingets a re-
sponse, it then queries the AS Information Base to obtain eméiguration for

the current user for each AS retrieved. All this informatisnelivered to the Re-
guest Manager. The sequence diagram in Figure 5 detailsd¢bhsages exchanged
among all the components involved in this interaction.

AS Information BaseThis component is an information repository for the URLs
of the AS products. Moreover, it stores information aboutheAS product’s
configuration (e.g., login scripts, configuration scriptsiespective of whether it
is used within INREDIS or standalone, it always provides taes interfaces and
behaviour. It also requests the AS Database for the specHicahfiguration for

a given usetr.

AS DatabaseThis stores for each user the configuration s/he has selémted
each AS already used. Given that the underlying data modesleoinformation
stored here is not very complex, INREDIS decided to implentleist database
with MySQL [23].

Knowledge Base (KB)The Knowledge Base implements the ontology described
in Section 3. Consequently, it stores all the ontologiestbl¢ct formal descrip-
tions of the elements in the INREDIS domain (e.g., users, A8ewices) and
their instances. It uses descriptive logic and provideshaeisms for reasoning
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and querying, enabling the intelligent behaviour of théhaecture, as described
in Section 3. It was implemented using OWL [24], SPARQL [25]pBis [26]
and Pellet [27].

Adaptive Modelling Server (AMSY his keeps the KB content updated using in-
formation from different heterogeneous sources (apptinatontext, user inter-
action logs or complex events processing).

Interface Generator (IG).This component adapts interfaces expressed in a generic
and abstract language, a subset of the User Interface Madaguage [28] (UIML),
into concrete utilizable and accessible language (impheetein XHTML [29]).
Transformations are carried out using XSLT [30] which alosfferent formats
(e.g., XML, pdf, plain text) to be created from XML files. Th& Icooperates
with:

1. The KB, which provides support for storing the knowledgedezl by the
IG to match the user needs with the interface to be generhtgxrticular,
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the KB provides methods, rules and reasoning mechanismsstablish-
ing complex relationships between the concepts storedeter, the KB
stores the XSLT transformation for each AS.

2. The ASR component for encapsulating the functionalityhef AS finally
selected - REST and SOAP technologies are used to publish$hasfa
Web service. For example, consider that the selected ASuptadnsforms
text-to-speech for blind people. The IG prepares both tkifite and a call
to the REST service with this text (including, for examples thnguage of
the user and the speed of conversion). Then, the ASR recelvéd with a
WAV file inserted in the resulting interface.

Management of the needs of the useame of the components presented in this
subsection cooperate to manage the needs and preferentesuser in the AS
selection. Firstly, a prototype was developed for seledihg user’s needs and
capabilities. This prototype follows the model of accetdisijbproposed by the
ISO 24756:2009 [9] standard. This standard defines a framkef@pspecifying a
common access profile (CAP) of needs and capabilities of usetading access
supported by assistive technologies. Moreover, the stdnsjaecifies methods
to apply a CAP. Therefore, each INREDIS user initially needexecute this
prototype, and consequently the system stores the CAP gedérathe prototype
in the KB. When a user logs onto INREDIS, then his/her CAP is netdeand
the interfaces of his/her controller are adapted accolgirfgor example, if the
user has pathological or degenerative myopia, the interdaald offer an iZoom
magnifier. Additionally, the system allows the user to cleatigs magnifier for
another one of his/her choice. Such interactions are aootisly managed by the
AMS to update the CAP. Furthermore, the CAP is also used by the tASuery
the KB when the ASR needs to select an AS.

6. Evaluation

The implementation of the ASR system and its deployment RERIS pro-
vided us with a framework in which to evaluate the fulfilmehtree requirements
set out in Section 2. The evaluation of the functional regients, described in
Subsection 6.1, assesses whether the design we propos&Risystems ade-
guately meets the needs of users for obtaining and ingjatia desired AS au-
tomatically. On the other hand, the evaluation of the nortional requirements
discussed in Subsection 6.2, assesses the fulfillment digisen principles and
the scalability of the specific implementation carried out.
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In [31] the complete INREDIS architecture was experimenptated through
a set of user controlled tests. The tests considered divesesepreferences and
disability profiles (cognitive disabilities, deafness/tf blindness, congenital
blindness, etc.). The difficulties of carrying out real esipents with elderly peo-
ple and people with special needs quickly became apparensearerely limited
the testing. The number of users never exceeded twelve dagisbical difficul-
ties, as described in [11]. For example, some users needegiwars or special
assistance to attend to their disabilities. In most caseswelve users a team of
a least twenty four people was required to work in a small simame specially
rented for the tests. Moreover, the relevant Spanish legallations governing
such tests obviously had to be complied with.

6.1. Functional Requirements Evaluation

The inconveniences of real experimentation preventedans festing each of
the six functional requirements separately. Instead, vweddd to test whether
the ASR system was able to obtain the same recommendatioowd e ob-
tained by a domain expert following EASTIN guidelines [3Rg., whether the
AS product installed would be the same as that advised by aithoempert. Note
that by achieving this objective, we ensure that the systeteats “accessibility
issues” correctly (FR1), provides a list of AS products whbeerelevant ones are
presented (FR3), correctly advises the user (FR4) and im¢@Isoftware (FR6).
The other two functional requirements were also succdgdtested during the
evaluation.

We selected 8 (real) impaired users with different impairtrgrofiles (2 vi-
sual, 2 multifunctional-elderly, 2 motor and 2 hearing innpd people). In the
tests we included features such as Google tran$|af@xt-To-Speech (TTS),
specifically Live555 media sernfeand e-speak, or a sign language avatar de-
veloped in [33]. Videos of some of these tests are availablie®[34]. We pop-
ulated the Knowledge Base (KB) withl AS products from EASTIN covering
all the impairments to be tested (i.e., visual, multifuontl, motor and auditory).
On this basis, the AS product selected by the users with tHe $y&tem always
matched the selection by the expert using the EASTIN seargime.

Additionally, the ASR system was evaluated with the same=83y$ut includ-
ing in the KB some AS products deployed as software as a f8&aS), which

8htt p: //transl ate. googl e. coml about/intl/en_ ALL/
http://ww. | i ve555. conf nedi aSer ver/
Ot t p: / / espeak. sour cef or ge. net /

23



were not available in the EASTIN catalogues. In this caseyécommendations
of our ASR system were consistent with the recommendatio@ndy domain

experts. Indeed, we assume that with a fully populated KBs#iklearning ca-

pability of the ASR system would make better recommendatiban a domain
expert, since it is able to compare more AS products takitg account more
features.

Finally, we leveraged this experimentation step in ordesdbvalues to the
variabledV;; andWpg;, that were used in Equation 8. These represent the weight
assigned by the users and the domain expert to each featanelgsds, privacy,
ballot, etc.) in the selection process. Our hypothesis Wwasly using a small
AS dataset and focusing on a specific impairment, we wouldiolxetter values
than using a bigger AS dataset supporting different impams We described 4
users’ profiles with different visual-impairments (coldaimdness, achromatop-
sia, tritanopia and totally blind). We specified 4 differenhtexts for each user,
such as different languages, then provided 16 @.e,4) inputs to the ASR sys-
tem. We also populated the KB with 20 AS products for visuaitition which
appear in the EASTIN guidelines. In all the experiments tleggivt assigned by
the user,Wy;, was coincident -the differences were extremely small hlie
weight assigned by the expeW,,;, which means that the ASR selection should
match users’ preferences and needs.

6.2. Non Functional Evaluation

Requirement NFR1 established the need for an ASR system toxieldle
easy to use and communicative according to Nielsen prie€igh complete study
of user experience and user satisfaction in the contextRENIS can be found in
the works [11] and [35]. These works concluded that usersgpexd the facilities
as comfortable and adequate. Regarding the ASR system,dieolegy used
was accepted as a convenience by some participants and essagcproducts
and services by others, but the usability was assessed qscdde

Regarding requirements NFR2 and NFR3, [36] reports a compledg about
the performance (i.e., response time and scalability)®fNREDIS architecture.
In the following, we summarize the most interesting restdfgorted in that work
for the ASR system. However, we strongly recommend readiageport in [36]
to fully understand how the non functional evaluation wasied out.

The difficulties of the real experimentation described atlirginning of this
section were aggravated during this evaluation step. sncse, in order to obtain
results about the performance of our system, we had to msintithe code and
manage the intricacies of the INREDIS architecture whileutiameously testing
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with users. As a consequence, the number of concurrent wstrslisabilities
could never exceellfor the performance evaluation in the smart home where the
tests were carried out. As reported in [36], we decided toamrae this problem
by using models of the system. Models can represent thensyste variety of hy-
pothetical situations and can perform evaluation at a laest. In particular, we
followed a mature discipline known as Software Performagogineering [37]
and we relied on stochastic models, specifically Geneidtstechastic Petri Nets
(GSPN) [38]. As explained in [36], we obtained the GSPN mediectly from
the ASR system design, and our first objective was the vadidaif these per-
formance models. Later, we obtained results from the vabdels to assess an
optimal system configuration to meet the response time rexpant. We recall
that following Nielsen [10], we decided that periods of arduen seconds could
be considered as acceptable response times.

Figure 6 depicts the measured average response times exbtairthe user
testing phase fds users in the smart home. We then reproduced these expesiment
using the performance models and we obtained the resulgnsind=igure 7. We
observed that the differences between our models and thexparimentation
with up to5 users were around five percent and that the tendencies imdabasgy
were similar. We therefore assumed that our performancesta@dbuld be useful
for experiments not initially feasible to carry out withimetreal setting. Note that
using models we obtained results for one hundred usershwias sufficient for
our purposes. Indeed, we could have obtained results fperdg@opulations using
the same GSPN models but increasing the workload. We camvehbiseFigure 7
that the response time of the system is below ten secondsitur@aches forty
concurrent users. For more than forty users the ASR systesa dot meet the
response time requirement.

In [36] we developed several alternatives for improvingom@ssiveness in-
cluding resource replication, performance patterns amthpeance antipatterns.
The most significant improvement was achieved when we detethe Ramp
antipattern in the ASR system. Antipatterns extend theonatf patterns to cap-
ture design errors and their solution [39]. The problemamsken we populated
the Knowledge Base (KB) with ten thousand AS products, sineeA8R in-
crementally searches the KB. To solve this antipattern, Isemtd Williams [40]
propose selecting another search algorithm, more apjptepior large amounts
of data. The original searching algorithm was based on alsifilfered search in
SPARQL. This search was improved by designing a specific fregend” oper-
ator, as Levandoski et al [41] suggest. Thus, the respomsefor a search im-
proved by33%, independently of the number of users. Finally, our GSPNef®d
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obtained an optimal system configuration for the INREDIS éeckure that fitted
the ASR. Figure 8 depicts these results. We then applied thggevements to
the real architecture implementation and repeated theriexpets in the smart
home with5 users. The results are shown in Figure 9. They match thosrin F
ure 8 - from1 user up to users. Regarding the scalability advocated by NFR3,
the results in Figure 8 indicate that the system scales well(f0 users, which is

an acceptable number for a smart home or even for largetitiesil

7. Related Work

Given that we have not found any works specifically reportnghow to de-

26



ASR system

Response Time (sec)

SO =~ N W 00O N @

1 10 20 30 40 50 60 70 80 90 100
Number of users

Figure 8: Response time and scalability of the ASR systeingusodels-

m
2 5
(]
E 4
=
% 3
§ 2 M/( ASR systom
8 )X >
1
0
1 2 3 4 5

Number of users

Figure 9: Response time of the optimized ASR system -engbirgsults-

velop automated systems which can perform the task of ssjeassistive soft-
ware (AS) products, we review those related works which fzalearing on AS
cataloguing, selection or recommendation.

The ISO 9999 [42] standard establishes a classificationsi$tase products,
AS included. EASTIN [32] is a European initiative that us8©19999 to develop
its databases in order to compile a list of assistive pradgnait only AS). EASTIN
also publishes textual guidelines, written by domain etgpehat guide users in
order to reduce the number of AS products and services tiahtive to try. Other
organizations, such as ONCE in Spain, make their own AS reamdations.
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In [43] an ontology is proposed to establish a list of acdstyi requirement
specifications. In [44] a repository of ontologies is progmbsimed at raising
metadata interoperability across assistive technolopggsiéories. While the for-
mer does not consider the user’s capabilities and lacks &8ifggation and cat-
egorization, the latter does not consider the user’s needantext-aware as-
pects. In [45] an ontology-centered design is presentedideirthe environment
in smart homes, but issues such as user capabilities andsé&Snieractions are
not considered.

The work of Kaklanis [46, 47] presents a Semantic FrameworkContent
and Solutions (SEMA) that has been developed within the Glalild-P7 EC
project. It focuses on user interface adaptation as it eséginference capa-
bilities to match user needs with the corresponding cordigums of different
assistive technologies using rules. This work providesgh-hevel modeling of
content-related information of ICT solutions, platformsl@evices. A framework
was developed that enables the semantic representati@sisfige technologies,
and the Semantic Alignment Tool aimed at providing a comnmberface to all
interested stakeholders that was designed to includeeadipplications/solutions
in the Cloud4all infrastructure.

The work in [48] develops an ontology, using the Delphi melifor one class
of assistive technology, namely physically controllalbéing devices. Based on
this ontology, OSCAR [49] (Ontology Supported Computerizes$idtive Tech-
nology Recommender) is a proof-of-concept case of CDSS (@lidecision
Support System) designed to help clinicians in the decisiaking process for
selecting appropriate physically controllable pointireyides. OSCAR presents
a novel, knowledge-driven approach that uses communicéichnologies, data,
documents, knowledge and models to identify problems ahe sbem. It con-
sists of a systematic set of coded algorithms designed ta asenputerized clin-
ical knowledge base to propose matches between clientatkasdics, needs and
abilities and appropriate solutions. Recommendationshee presented to the
clinician.

Finally, Kadouche et al. [50] propose a semantic frameworktprove en-
vironment services for people with special needs. Howedhere are two main
differences: firstly, in our approach we do the reasoning @tss level, which
makes our approach more expressive and scalable; secaedigke into account
the AS recommender process whereas the framework desanibg@] does not.
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8. Conclusion and Future Work

Although there are works in the literature reporting theedepment of rec-
ommender systems, the design of systems for selecting A8dtaset been ad-
dressed. However, we believe that this topic is of increpsimportance since,
in the near future, smart environments for people with spemeds will become
established in large facilities such as nursing homes, itadspor leisure areas.
In this regard, the main contribution of our work is an AS macoender system
which enables existing interoperability architecturesjsas INREDIS [8] or Mo-
biEureka [51], to automatically select the most suitableféSa given interaction
with a specific electronic target device taking into accdhatuser’s context (user,
controller device and target device) and considering thahidiity in question.

This work focuses on practical experience for practitignarthe field of as-
sistive technologies, particulary in relation to softwegquirements, design and
implementation. We believe that this work can guide prextérs in the design
of an ontology for ASR systems and in the design of the presessolved. The
work also addresses software integration and system isshésh can help prac-
titioners in questions of deployment. We have thoroughhdesed the proposal
by implementing the system following the design presentedi integrating the
system in a real architecture, INREDIS. Last but not least pitoposal has also
been validated by assessment; in fact both the functiorétt@ non-functional
requirements have been assessed.

The performance evaluation has ensured that no extra aenvél be in-
volved as a result of bad-design practices, and that themystales at least as
well as the semantic query engine. The performance modaldethe system to
be tested in hypothetical situations, which could be diffiouexpensive to carry
out in real situations. For example, we could forecast th@beur of the system
when used by 100 users, which would otherwise involve anresipe non-viable
experiment.

For future work we have identified a further promising linere¢earch. We
aim to use machine learning techniques to provide: a) usdéitgupdates accord-
ing to user AS recommendations and b) the incorporation mé@s as an input
to recommend the best AS under noisy conditions (e.g., awserestricted vi-
sion may be able to read from the mobile screen, except orgawoa very sunny
day). Advances in mobile technologies allow make the cotecof user context
information feasible, and this issue also needs to be cereid
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