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Abstract. Large groups in society lack the necessary dkillse sufficiently self-reliant
and are in need of personal assistance. Thesegoouid be supported by information
and information technology (ICT), but only if thischnology is designed to fit their
(cognitive) abilities. Inclusive design theory améthods have already been developed
in research contexts, but there is still a gap betwtheory and practice. There is a need
for a practical aid, that helps to create awarenégsclusive design among ICT devel-
opers, and offers easy-to-use information and ttwlactually apply the methods for
diverse target groups. This paper describes tisé steps taken towards an inclusive
design toolbox for developing ICT applications tladfer cognitive support for self-
reliance. Dutch ICT companies were interviewed aadigipated in a co-design work-
shop, leading to a number of initial needs, usgquirements, and an on-line communi-
ty, that form input for further development of tio®lbox.
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1 I ntroduction

Information and communication technology (ICT) laalarge impact on personal and
social lives of people. More and more, in ordeateess, request or provide infor-
mation (e.g. to make personal choices in healtk)cand to participate actively in
society (e.g. to use social media to maintain aistavith peers), people need to be
able to make use of this technology. Also, the gowvent expects citizens to become
more self-reliant. Large groups in society, howevack the necessary skills to be
sufficiently self-reliant and are in need of perloassistance. These groups could be
supported by information and information technolobyt only if this technology is
designed to fit their abilities. In that way, teokogy is not another barrier, but would
instead serve as a means to achieve self-reliance.

Diverse groups exhibiting limited self-reliance lude people with specific physical
and cognitive limitations, ageing people and peeyth a low education and/or a low
socioeconomic status, all of whom adhere to speedilues in life. Self-reliance is
relevant in many areas of society, but in particuta social security (absence of
threats as a result of criminal acts, offensesiogernuisances of other citizens),
health care and well-being (make personal choiifesstyle, adherence to therapy),
and participation (education, work, social engagainé\n important determinant for



self-reliance is self-efficacy: the ability and ieélto act adequately and efficiently in
a given situation (Bandura, 1997), which should dle present for ICT use. Prob-
lems with using ICT to support self-reliance maiajyply to people with suboptimal
cognitive abilities, such as elderly persons, peafllow literacy and non-natives, but
also children.

In order to make ICT accessible to a large divemsituser groups with specific abili-
ties and values, inclusive design methods shouldfpdied. Inclusive design is de-
fined as the design of mainstream products an@imices that are accessible to, and
usable by, as many people as reasonably possittfmutithe need for special adapta-
tion or specialized design (British Standards tosti 2005; Langdon & Thimbleby,
2010). However, developers of ICT products andisesvare generally not aware of
the existence of inclusive design theory and methédso, theory and methods have
been developed in research contexts and are oftiehtb apply in real life. In short,
there is a gap between theory and practice of sinudesign. There is a need for a
practical aid, that helps to create awarenessabfisSive design among ICT develop-
ers, and offers easy-to-use information and tooladtually apply the methods for
diverse target groups. Such a toolbox should refitmte of the art knowledge on
inclusive design and should easily be connectabidready existing tools.

This paper describes the first steps taken towandisiclusive design toolbox for de-
veloping ICT applications that offer cognitive soppfor self-reliance. First, a brief
state of the art of inclusive design standardsiejiries, design patterns and methods
is provided. Then, current practices of inclusiesign are presented, in the form of
existing toolboxes and an inventory of the usencfusive design methods in Dutch
ICT small and medium enterprises (SMEs). Finall§irst step towards co-design of
the toolbox together with SMEs is described, résglin initial use requirements of
the toolbox. The paper ends with initial conclusi@md directions for further steps in
the co-design process.

2 Inclusive design theory and methods

2.1 Standardsand guidelines

The term ‘inclusive design’ stands in the traditminthe terms ‘design for all’, ‘uni-
versal design’ and ‘(universal) accessibility’. Blbnow a number of sets of ‘Univer-
sal Accessibility’ guidelines have been developadpleople with a variety of limita-
tions. These guidelines are an important sourdgefofmation for inclusive user inter-
face design and evaluation. Examples of guidelthas have been issued by official
bodies are the “Web Content Accessibility Guidedinend the “User Agent Accessi-
bility Guidelines” of the World Wide Web Consortiu(@/3C) and the “Guidelines
for ICT products and services; “Design for All"fahe European Telecommunica-
tions Standards Institute (ETSI). W3C aims spealfjfcat people with visual disor-
ders who want to use the internet (World Wide Wemgortium). ETSI has written



guidelines for various disorders, but focuses nwrg@roducts than on user interfaces
(ETSI, 2009).

For other target groups and applications no offigiadelines or standards exist. Alt-
hough a lot of research has been carried out iatmws target groups and applica-
tions, which has often resulted in lists of desigeommendations or guidelines.
There are design principles for elderly peopleKFtal., 2009), for children (Hour-
cade, 2008), and design ‘considerations’ for peyswith a cognitive disability
(WebAIM, Van der Pijl et al., 2005) and for peomElow literacy (Cremers et al.,
2012).

2.2 Human valuesinto design patterns

Value Sensitive Design (VSD) is a theoretically grded approach to the design of
technology that accounts fauman valuegn a principled and comprehensive manner
throughout the design process (Friedman et al.6R00alues concern “principles or
standards of a person or society, and personala@etal judgments of what is valua-
ble and important in life” (Oxford English Dictiong on personal, cultural or ethical
issues (Cheng and Fleischmann, 2010). The vala¢skiould be addressed in inclu-
sive design practices, such as access to informatid services, can be investigated
via three complementary approaches (cf. Friedmaal.e2006). First, a conceptual
investigation starts with an analysis of the dirgxg. frail elderly) and the indirect
stakeholders (e.g. caregivers). Such an analysisess theoretical-founded values
like dignity, autonomy, independence, safety, tragt privacy. Second, an empirical
investigation, encompassing different techniqué® [focus groups, observations,
interviews and surveys, can provide additional laberated “situated values” like
freedom from discriminatory bias. Third, a techhigavestigation (e.g., domotics)
acquires the values that relate to technical caimfr and opportunities, such as com-
fort and affordability.

Friedman et al. (2008) used VSD to enhance theipphlticipation and value advo-
cacy in a simulation-supported city design envirentmaiming at mutual understand-
ings (without manipulative or strategic actionsi dreedom from bias (the absence of
systematic and unfair discrimination). To achielese value-driven goals,d@sign
pattern was formulated that clearly demarcates a morauddgiresentation of infor-
mation from opinion (in order to avoid mispercepsh This example shows that
interaction design patterns provide a practical aodnd method to establish best
practices of inclusive design, incorporating théevant human values. Interaction
design patterns are structured descriptions ohaariant solution to a recurrent prob-
lem within a context (Dearden and Finlay, 2006)eylare usedboth to record and
communicate design knowledged to support the design process. We aim at an in-
cremental development of an inclusive design pattefibrary (cf.
http://www.welie.com/patterns).



2.3  Situated inclusive design

Both the standards and guidelines (section 2rig the Value Sensitive Design and
Interaction Design Pattern (section 2.2) approachage to be integrated into a co-
herent user-centered design rationale to estahliséffective and efficient engineer-
ing process. The design rationale ‘situated Cogmittngineering’ (sCE) has been
developed to channel this human-centered, itergtiaeess of deriving, refining,

shaping and validatingser requirementgNeerincx & Lindenberg, 2008). Values,
standards and guidelines explicitly feed into teguirements, combined with the
identification of specific accessibility-related enscharacteristics or technological
preconditions (Neerincx et al., 2009; LindenberdN&erincx, 2001). Use case anal-
yses drive this specification and refinement precasegrated with claims analyses
that provide the justification (i.e. the expectagcome of the interaction). The use
cases and user requirements with an appropriaiégason are shaped into interac-
tion design patterns. However, if appropriate degigtterns are already available,
these practices can be selected and re-used. Thésaterns can be implemented in
a prototype for evaluation.

For inclusive design, it is essential to involveralevant user groups in the process.
Evaluation should include aspects that can be pedebjectively (performance) as
well as subjective factors (affect, privacy, truat)d be executed in a realistic use
context. Examples of this ‘situated inclusive dagigocess’ are applications for peo-
ple of low-literacy (Cremers et al., 2008), cogrety disabled (Pijl et al, 2005) and
elderly (Blanson Henkemans et al., 2008; Bojiclgt2009). Such examples show a
large variety of methods and solutions with speaifons on different levels of ab-
straction. Currently, we are developing a situ@egnitive Engineering Tool (sCET)
that supports both (1) the analytical and empirmctvities to acquire and assess
information and (2) the recording and sharing a$ thformation in a concise and
coherent format (cf., Neerincx, 2011, and see Mipw.scetool.nl).

3 Practices of inclusive design

3.1 Existing design toolboxes

A large collection of design methods is currentlyaitable, applicable in various
phases of the design process, for both specificatiml evaluation. A number of prac-
tical on-line design toolboxes already exist tgttd bridge the gap between theory
and practice. For each toolbox, the aimed useedattyet groups, the method descrip-
tion, method organization and selection, and thesgmtation/visualization are de-
scribed.

* Inclusive design toolkit. The toolkit contains an introduction on inclusidesign
and the need for doing it. Aimed users of the torlare not specified; it focusses
on both designers and businesses. The focus lideseriptions of all possible tar-
get groups and their capabilities, including a nhadenteraction between the dif-



ferent user capabilities and design guidance foh eapability. The toolkit con-
tains a limited number of method descriptions: giegirocess checklist, integrated
design log, business case materials, exclusioruledatr, Cambridge simulation
gloves, Cambridge simulation glasses, impairmenukitor software, example set
of personas. The descriptions consist of definfijorase studies, and guidelines.
The information presentation employs short texttises, and lots of icons,
graphics, pictures and charts (http://www.includesigntoolkit.com/).

» 5b5plustoolbox. The toolbox (in Dutch) focuses on topics that cleatite innova-
tion process as a result of the choice of a taggaip (in this case: of 55plus peo-
ple). Aimed users of the toolbox are entreprendia)sing on both product de-
velopment and marketing and sales. There is a pidsr product design consist-
ing of: exploration, product development, productamd marketing. In each phase
the user can choose from a number of guiding questio obtain information on
the target group, useful tools and cases. Suitalols for the particular phase and
target group are suggested and illustrated in lieets containing step by step
guidance, visualizations, relevant links and refees
(http://www.55plustoolbox.nl).

« UCD toolbox. This toolbox (only a private beta-version) presestine benefits of
applying user-centered design. Aimed users ofdblbdx are not specified. It con-
tains an overview of 35 design methods, which eapre-selected by criteria: type
of product, design goal, resources, participantsraathod characteristics. Also, a
pre-selection of methods can be made for variotgetayroups: elderly, children,
physically challenged, visual/hearing impaired ogmitively challenged. Howev-
er, no background information on specific targetups is offered and it does not
become clear why the methods are suitable forahget groups. Method descrip-
tions contain: overview (visuals, possible outcemieenefits, limitations, written
by and reviewed by), description, tweaks (optiniag, instructions (preparation,
execution, analysis) and literature (http://www tecdbox.com).

e HCD toolkit. The toolkit shows the theory on HCD with visuatiaas and mod-
els. Aimed users of the toolbox are people, ndiitgraand social enterprises that
work with low-income communities throughout the igotarget group). The HCD
Toolkit walks users through the human-centeredgieprocess and supports them
in activities such as building observation and ettmpakills, prototyping, leading
workshops, and implementing ideas. This HCD prodgastifies 3 phases: Hear,
Create, Deliver. Per phase a number of methodprasented. After selecting a
method, you see detailed information on the metbaataining instructions and
tips and indications of time, difficulty, materiadsnd participants. Each method
ends with one or more related stories (cases) whiehsubmitted by users of the
toolbox, creating a large involvement and expegemharing of these users
(http://www.hcdconnect.org/methods).

The collection of current toolboxes already corgaéxtensive information on target
groups and (the added value of using) inclusivégdemethods. However, there is no
toolbox yet that makes an explicit connection betwvécognitive) characteristics of
target groups and suitable methods. Also, cur@sibbxes do not contain many de-



sign guidelines yet; best practices are offered rmit as design patterns. Finally,
toolboxes could benefit from a better descriptibihe commercial interest of using
inclusive design for (ICT) companies.

3.2 Actual use of methodsin The Netherlands

Interviews. A selection of Dutch SMEs who are involved in tthevelopment of
products or services for end-users was made. Afipamies were approached by tele-
phone to make an inventory of end-user activitie/twere already employing. The
following questions were asked:

« What kinds of products or services do you develop?

* Who are your end-users?

» Do you involve end-users in your product or serdlegelopment processes?
* Which methods do you use when involving end-users?

* What questions and needs do you have with respéatolving end-users?

Results. An inventory of a total of 56 Dutch companies waasde. Of all companies,

13 (23%) were finally interviewed. The remaining d@npanies did not participate

for various reasons: they did not react to requaatemail or voice mail, it was hard

to find the right point of contact, they turned awtt to produce products or services
for end-users, or they were not interested in beitegviewed.

These companies produced a variety of productssandces: applications of agent
technology, help artists from a concept to a carcpgoduct, virtual environments,
training simulation, television apps, mobile seegchealth care robots, sensor tech-
nology, document management, web sites, and mapjhs. End user groups are di-
verse: children, people with multiple disabilitiggneral public, police, fire brigade,
military, consumers, elderly, chronically ill, pesfsional users.

Of the 13 companies that were interviewed, 4 indidahey never consulted end-
users during their development process. One irgticitey had not selected their own
methods yet, but sometimes hired students industeisign to do end-user research.
Another said that they sometimes used ‘AB’-testitvgp versions of a design, e.g. a
banner, are used and the number of clicks on thedya are counted to see which one
is preferred. Reasons why companies did not invelvd-users is that creative per-
sons want to pursue their own ideas, speed is imgugrtant there is no time to wait
for a report, client keeps in touch with end-usametimes aware of adjustment of
method to specific target group. Nine companiedicated they sometimes involved
end-users. Various methods were mentioned: setsep evaluation in cooperation
with the client, place a camera in a test setupuieemployees from a certain appli-
cation domain who bring in background knowledgenamgineers act as end-users,
observations of use in context, test sessions@frusontext, scenarios of future use,
interviews, round table sessions, get a feeling Wit market (clients) and new tech-
nology (conferences, exhibitions), review off-liferm filling), play scenarios in the
lab, interview stakeholders, acquaintances of essis) ‘undercover’ observation,



contextual design, observation in lab, observentdignaking use of products, work-
shops with stakeholders, customer journeys, setdige prints, concept evaluation,
visit/talk to clients. However, the number of methanentioned varied a lot between
companies: larger companies and design companigfoerfar more methods than
ICT companies.

Companies indicated some questions and needs, whichlbox could possibly ad-

dress:

* How do you know whether you have done enough rek@ar

* How do you know you have sold the real problem withr product?

* Who do you recruit to contact the end-users?

« Who do you select as test persons if the targetmimlarge and varied?

« How do you behave towards the end-user? What isgheattitude?

« How do you avoid politically correct answers froseus?

« How can you test with end-users if the product epids still confidential?

« What is a structured way to handle requirements?

* The need for a platform to find other companiesrshnformation and tips &
tricks.

4  Co-design of an inclusive design toolbox

4.1 Toolbox considerations

Descriptions of relevant methods, target groupsaspects of self-reliance, examples
of applications of these methods and lessons Idamilébe collected in an inclusive
design toolbox. The toolbox will be made availatleSMEs who develop ICT prod-
ucts and services for end-users with suboptimahitivg abilities, and who want to
involve these end-users in their development psedn order to develop a toolbox,
the following aspects need to be considered:

* Who are the users of the toolbox?
— Expert vs. non-expert users (with respect to inctudesign)
— Designing for all vs. designing for special targetups
— Knowledge of the target group vs. unknown targetigr
* What are the goals of the toolbox?
— Offering help with choosing a method in general
o Choice criteria (design phase, budget, time, etc.)
o Short description and visualization of the method
— Offering help with executing the method in general
o (Extensive) description of the method and procedure
o Guidelines, design patterns, best practices
o Tips & tricks, do’s & don'ts
— Offering help with executing methods for specificget groups
o Which methods are suited for specific target gr@ups
o How to adjust methods to a specific target group?



o Guidelines, design patterns, best practices pgetgroup
o Tips & tricks, do’s & don'’ts
— Offering help with designing for specific targebgps in general
o Descriptions of target group characteristics
o Personas, scenarios, storyboards of target groups
— Offering help with designing for self-reliance
o Definition aspects of self-reliance (social seguriocial engagement, self-
efficacy)
o Tips & tricks, do’s & don'ts

4.2  Workshop with SMEs

Method. In order to be able to develop an inclusive desaptbox that is useful for
developers of products and services, requirementiifctionality and design of the
toolbox should be collected from the prospectiversi®f the toolbox. In order to get
input from these users, a workshop was organizéll avselection of the companies,
to delve deeper into requirements for the toolbioat ereate a Dutch inclusive design
(‘design for diversity’) community. The goal of therkshop was to:

« Gather knowledge on special target groups suctidasly people of low-literacy,
immigrants and children

» Gather knowledge on different methods and techsidoiedeveloping and evaluat-
ing products and services for the target groups

 Inspiring best practices of peer companies of wwngl end users

« Exchange experiences and build up a network witmpamies and knowledge
institutions with respect to designing for a divigref target groups.

« Gather first requirements for the toolbox.

Participants were 14 representatives of ICT aniydesompanies (SMEs). The work-

shop started with introductions on the commercitdrest of designing with end-users
for SMEs and the societal relevance of the inckusilesign toolbox. Then, three

presentations of best practices of inclusive desigithods (context mapping, focus
group, questionnaire) with, respectively, childréow-literate and elderly persons

were given by three companies. In interactive sessithree groups discussed how
the best practices could be applied in their owmganies and how a toolbox could

help. Finally, a ‘design for diversity’ social madjroup was launched.

Results. Some requirements for the toolbox came up dutiegntorkshop:

< Availability of personas, to create an image ohdtad end-users

» Examples (best practices) of products and processesess/failure factors
« Preconditions for the use of methods and solutions

* SME-proof: simple, not scientific (but rooted iriesttific knowledge)

* Available methods within a certain time period &udiget

 First present solutions (best practices), then atetih how to get there



« Possibility to shop and snitch from toolbox
« Possibility to share information (open source)

5 Discussion, conclusions and futurework

This study confirms our assumption that there ssilastantial gap between theory and
practice of inclusive design.

From a theoretical point of view, there is stiliod of work to be done in the selection
of appropriate inclusive design methods, standaydislelines and design patterns for
diverse target groups, as well as the validatiascdption and disclosure of this
knowledge base. Moreover, inclusive design theod/methods should form input to
the situated cognitive engineering process, to iecsituated inclusive design’.

From a practical perspective, it can be conclutietl awareness of inclusive design is
still lacking. It has proven to be hard to find BluiCT companies that produce end-
user products and are willing or able to discusshous for end-user involvement.
Unfamiliarity with inclusive design seems to be arker for participation in inter-
views or a workshop. However, we found that sonmpamnies already involve end-
users in their development processes, in less oe stouctured ways. Also, we have
been able to derive some initial needs and reqenésnfor an inclusive design
toolbox, in particular the need for concrete peasoftarget groups) and design pat-
terns (best practices). Finally, the creation ebeial media group ‘design for diversi-
ty’ should ensure more awareness and involvemeobimpanies.

In the future, next steps in the co-design proadfsthe inclusive design toolbox

should be taken, with regular involvement of 1IGdmpanies. The inclusive design
research community has a strong responsibility targntee the quality of this

toolbox. Ultimately, the toolbox should lead to IGblutions that match cognitive

abilities and reflect values of diverse target ggyun order to empower these citizens
to become self-reliant in society.
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