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1
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2 Exploring design trade-offs for achieving social inclusion in

Z multi-tiered design problems

7

8 Abstract

9

1(1) The digital age of the future is ‘not out there to be discovered’, but it needs to be
12 ‘designed’. The design challenge has to address questions about how we want to
12 live, work, and learn (as individuals and as communities) and what we value and
15 appreciate, e.g.: reflecting on quality of life and creating inclusive societies. An

1? overriding design trade-off for the digital age is whether new developments will
12 increase the digital divide or will create more inclusive societies. Sustaining

20 inclusive societies means allowing people of all ages and all abilities to exploit

;; information technologies for personally meaningful activities. Meta-design

23 fosters the design of socio-technical environments that end-user developers can

;g modify and evolve at use time to improve their quality of life and favour their

26 inclusion in the society. This paper describes three case studies in the domain of
;573 assistive technologies in which end users themselves cannot act as end-user

;g developers, but someone else (e.g.: a caregiver or a clinician) must accept this

31 role requiring multi-tiered architectures. The design trade-offs and requirements
gg for meta-design identified in the context of the case studies and other researchers’
34 projects are described to inform the development of future socio-technical

22 environments focused on social inclusion.

37

;g Keywords: design trade-offs, social inclusion, multi-tiered design problems, end-
40 user development; meta-design; universe of one; Memory Aiding Prompting

2; System (MAPS); ASSISTANT Project; EUDroid Project

43

44

45 1. Introduction

46

j; End-User Development (EUD) encompasses methods, techniques and socio-technical
49

50 systems that empower end users to develop and adapt systems at use time, by carrying
51

gg out activities that are traditionally performed by software developers at design time
gg (Lieberman, Paterno, and Wulf 2006). Problems in understanding social practices in
56 . . . . . . -

57 specific application domains and coping with their dynamicity can be addressed through
58

59 an EUD approach. EUD requires design environments to support end users in

60
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modifying and creating software artefacts thereby developing their own skills and
knowledge (Paterno and Wulf 2017). Scaffidi’s work (Scaffidi 2017) provided evidence
that workers performing EUD activities obtain economic benefits by earning 10% more
than peers who are not able to perform EUD activities.

The perspective illustrated so far mainly considers EUD as fundamental for all
situations where end users create or adapt software artefacts for personal use. For
instance, (Fischer, Nakakojii, and Ye 2009) describes the situation of a geoscientist who
decided to spend three months in learning a programming language to become capable
of developing software for analysing data he collected. This may occur in a variety of
application domains (e.g.: business processing and management (Hermans, Pinzger, and
van Deursen 2011), medical diagnosis (Costabile et al. 2006), interaction design (Won,
Stiemerling, and Wulf 2006)), where end users are domain experts that, to cope with
their specific problems, adapt their software artefacts or create new ones. In particular,
with reference to workgroups, Gantt and Nardi call such a domain expert local
developer or gardener (Gantt and Nardi 1992), namely a person who customizes a
software environment and creates programmatic extensions of applications for her/his
purpose that, possibly, will be made available to other users working in the same group
with a shared objective. Other researchers have called this ‘active’ end user with other
names: power user in (Repenning and Ambach 1997), professional end user developer
in (Rosson et al. 2007), end-user developer in (Fogli and Piccinno 2013), bricolant
bricoleur in (Cabitza and Simone 2015).

We choose here the term end-user developer to indicate a domain expert, not
knowledgeable in information technology, who is called on to tailor, extend or create a
software artefact. In this paper, we take a different perspective on EUD: we are

interested in those contexts where the communities of end users and end-user
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developers are kept separated. The former are the actual end users that cannot be
required or are not willing to carry out EUD activities due to their specific goals,
interests, and abilities. The latter are ‘proxy end users’, namely caregivers, healthcare
professionals, teachers, and so on, who are called on to play the role of end-user
developers and create and/or adapt programs for the sake of other people (the end users)
by means of EUD environments and tools. This situation has been characterized in
(Removed for anonymity) as a multi-tiered proxy design problem. Most of such multi-
tiered proxy design problems usually represent a ‘universe of one’ problem (Fischer
2001): a solution designed for one person rarely works for another person. This is true
for instance in cognitive disability support (Carmien et al. 2005) or in different kinds of
rehabilitation activities (Tetteroo et al. 2015). Social inclusion is often the main
objectives of socio-technical environments designed and developed to cope with these
kinds of problems (Siira and Heinonen 2015). It aims at improving the participation of
people in the society, independently of their physical or cognitive characteristics, age,
gender, profession, living place, etc.

Meta-design is the methodological framework proposed for empowering domain
experts in the continuous development of personally meaningful socio-technical
systems that foster social inclusion. Meta-design allows modelling problems in
innovative ways and putting domain experts in charge with the help of socio-technical
environments enabling EUD activities (Fischer and Giaccardi 2006). It promotes
‘design for design after design’ instead of ‘design for use before use’ (Binder et al.
2011), that is, it fosters the design of open systems that end-user developers can modify
and evolve at use time, also for the sake of other people, in order to improve their

quality of life and favour their inclusion in the society.
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In this paper, we will analyse authors’ experience in the meta-design of socio-
technical environments in different application domains where inclusion of disabled and
elderly people is considered; the main goal is to explore the trade-offs affecting this
kind of multi-tiered proxy design problems; we will eventually integrate this analysis
with the results of a survey study carried out with the help of research scholars
addressing similar problems.

In summary, the paper contributes to the research on meta-design for social

inclusion as follows:

e identifying design trade-offs underlying the wicked problem of building socio-
technical environments supporting a ‘universe of one’;

e exploring which configurations require a meta-design approach (and which ones
do not) and the role of domain experts and their expertise in the initial design;

e deriving new guidelines for meta-design supporting social inclusion.

The paper is organized as follows: Section 2 discusses related work on EUD methods
and techniques with a specific emphasis on meta-design frameworks for multi-tiered
proxy design problems; Section 3 describes our research methodology, based on
reflective practice and a survey with research scholars in the considered field; Section 4
presents three case studies derived from the research experiences of the authors and
discusses lessons learnt from related design activities; Section 5 presents a survey study
with colleagues that have been involved in the design of EUD environments for multi-
tiered design problems; Section 6 discusses design trade-offs, and proposes a set of
guidelines for the meta-design of EUD solutions for social inclusion in multi-tiered
architectures; Section 7 presents the limitations of the research; and Section 8 concludes

the paper.
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2. Related work

User-centered design (Norman and Draper 1986; Abras, Maloney-Krichmar, and Preece
2004) and participatory design (Badker and Grenbak 1991; Schuler and Namioka
1993) approaches have been explored for many years in human-computer interaction
(HCI) to support the development of information technology (IT) that satisfies users'
personal and work needs and increase users' acceptance of technology (Davis 1989).
These approaches are based on the idea that user involvement at design time, through
direct observation, interviews, focus groups, and prototype evaluation, is crucial to
inform designers about users' languages, notations, backgrounds, capabilities, and tasks.

In all design processes two basic phases can be differentiated: design time and
use time. User-centered and participatory design are primarily related to design time:
system developers create environments and tools for the world as imagined by them to
anticipate users’ needs and objectives. But despite the best efforts at design time,
systems need to be evolvable to fit new needs, account for changing tasks, deal with a
great variety of subjects and contexts, and incorporate new technologies. Meta-design
(Fischer and Giaccardi 2006; Fischer, Fogli, and Piccinno 2017) fosters the design of
open systems that can be modified and extended by end users at use time. It represents a
theoretical framework that allow end users (and other stakeholders) to become end-user
developers in dynamic application domains (Removed for anonymity) by creating the
socio-technical conditions for empowering the owners of problems to participate in
system evolution. End-user development activities range from simple selection among
alternative behaviours already available in the artefact (customization) to actual
program creation carried out through different techniques (Barricelli et al. 2019).

In most existing approaches, emphasis is given to end users developing software

per se and not for third or public use. However, there are also a variety of projects that
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can be framed in the category of multi-tiered proxy design problems (Removed for
anonymity), where end users and end-user developers form different communities with
different goals, skills, and competences. In these cases, end-user developers modify or
create software artefacts for the benefit of end users. For example, in the education
field, teachers (as domain experts) create digital materials for their students (the actual
end users). The WEEV system (Marchiori et al. 2012) allows teachers to play the role of
end-user developers in the creation of educational games with domain-specific visual
languages. In the cultural heritage domain, the visitors of interactive exhibitions (end
users) are distinguished from cultural domain experts being in charge of developing the
interactive exhibitions (web sites, mobile guides, or more advanced interactive
systems). Design environments for cultural domain experts are for example presented in
(Celentano and Maurizio 2011; Ardito et al. 2012; Fogli et al. 2018).

Multi-tiered proxy design problems are also encountered in all those situations
where the end users cannot participate in EUD activities, but their caregivers, therapists,
and assistants must do it for them. This is the case of Assistive Technology (AT) tools
where domain experts create digital artefacts that end users cannot do by themselves,
but that play a fundamental role to foster social inclusion. According to (RESNA 2019),
AT is a technology designed to be utilized in an AT device, that is “any item, piece of
equipment, or product system, whether acquired commercially, modified, or
customized, that is used to increase, maintain, or improve functional capabilities of
individuals with disabilities”.

XOOM (Garzotto et al. 2017) is an EUD tool that allows therapists to create
applications of Wearable Immersive Virtual Reality targeted to children with

neurodevelopmental disorders. Since storytelling plays an important role in promoting
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both high-level and basic skills, XOOM can be used to create social stories able to
foster attention skills and cause-understanding capability.

Training social skills to autistic children with humanoid robots is the main
objective of the WikiTherapist project illustrated in (Barakova et al. 2013; Buchina,
Kamel, and Barakova 2016). In this project, therapists use the TiViPe graphical
programming environment to personalize scenarios for humanoid robots defining their
expected social behaviour. Preliminary tests showed that this system could be
effectively used by therapists for the personalization of existing scenarios, while the
creation of new scenarios and new behavioural components will require additional
investigation. Interestingly enough, from the discussion with therapists, it emerged that
they perceive the need of more control over the robot compared to other needs (safety,
natural interaction, etc.), thus confirming the importance of studying suitable EUD
techniques in this field.

TagTrainer (Tetteroo et al. 2014) is an EUD platform that supports physical
rehabilitation after strokes, multiple sclerosis, and spinal-cord injuries. In this case, the
patients are the actual end users of the system, and physiotherapists play the role of end-
user developers. TagTrainer is composed of interactive boards, an interface to manage
personalized series of exercises, and a visual programming tool to support authoring and
modification of exercises by physiotherapists. The introduction of TagTrainer in clinical
practice illustrates the variety of issues that influenced therapists’ decisions to engage or
not engage in EUD, providing evidence that the main issues are concerned with clinic’s
management and lack of time, rather than with technical aspects (Tetteroo et al. 2015).

In all these projects, the digital artefacts were used by people that did not
participate in the development process and who expected interaction style and contents

tailored to their needs, preferences and skills. This means that not only the EUD tools
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supporting end-user developers must fit their characteristics, skills, expectations, and

background, but also the artefacts they create through EUD must fit end users’ requests.

3. Research methodology

The research question at the basis of this work is to explore the design trade-offs in the
meta-design of socio-technical environments for social inclusion. To this end, we first
analyse three different projects related to the authors’ research experiences, each one
aimed at addressing a multi-tiered proxy design problem in the AT domain: cognitive
disability support, mobility services and smart objects for elderly people. In particular,
we carry out a ‘reflection-on-action’ activity (Schon 1983), that is, a reflection about
what has been performed from the technical and social points of view to design and
deploy the various socio-technical environments. We recall the choices that were made
in the iterative development activities as a consequence of the evaluation with end users
and domain experts, by underlining how the meta-design framework and EUD
environments were necessary for the success of the projects. We finally report on the
lessons learnt from the case studies, which may inform future designers of further socio-
technical environments for social inclusion.

Then, we illustrate a survey study based on a questionnaire administered to
research scholars who addressed multi-tiered proxy design problems; the goal was
expanding the analysis to other application domains and collecting information,
opinions, and comments from different research groups about their design experience,
the involved stakeholders, and the benefits, issues and challenges they encountered. The
lessons learnt from the survey study were successively triangulated with the outcome of
the reflective exercise on our own projects, allowing us to identify the design trade-offs

and define the guidelines discussed in Section 6.
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4. Case Studies of Multi-Tiered Design Problems

This section describes and analyses in detail three case studies derived from the direct

oNOYTULT D WN =

design experience of the authors in different application domains where the goal was
fostering social inclusion. These projects address multi-tiered proxy design problems

13 involving the following stakeholders:

16 e end users, who are unable to completely describe their needs and design
requirements;

21 e end-user developers, who are able to articulate what should be developed, even
23 if they have no software programming competencies;

2% e software developers, who know how to develop complex systems, but lack the
28 detailed knowledge of end users’ needs, by being no domain experts as the end-

30 user developers are.

The first two roles form a dyad (Removed for anonymity) where the end user is

36 a person who uses the AT tool and the end-user developer is a caregiver (or, in general,

38 the owner of the knowledge in the domain, expert in the needs and skills of the end user
and a more technically savvy member among the two), who is in charge of creating,

43 customizing, and evolving the AT tool at use time.

4.1 Cases

50 4.1.1 Case 1: Cognitive Disability Support — the Memory Aiding Prompting
o1 System (MAPS)

54 Designing a tool for people with cognitive disabilities represents a ‘universe of one’
problem (Fischer 2001). The ‘universe of one’ conceptualization includes the empirical

59 finding that (1) unexpected islands of abilities exist: users can have unexpected skills
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and abilities that can be leveraged to ensure a better possibility of task accomplishment;
and (2) unexpected deficits of abilities exist (Cole 2006). Accessing and addressing
these variations in skills and needs, particularly with respect to creating task support,
requires an intimate knowledge of the user that only caregivers can provide (Cole
2006).

The Memory Aiding Prompting System (MAPS) aimed to provide a response to
a ‘universe of one’ problem. Individuals with cognitive disabilities are often unable to
live on their own because of deficiencies in memory, attention, and executive
functionalities. These deficits can create an inability to consistently do normal domestic
and work-related tasks such as cooking, using public transportation (see Case Study 2),
taking medications (see Case Study 3), and simple employment tasks. Meta-design is
particularly appropriate in creating systems in a ‘universe of one’ situation; it deals with
situatedness to fit new needs at use time, to account for changing tasks and to embed
computer artefacts in daily life and practices.

MAPS used a Personal Digital Assistant (PDA) platform to display verbal and

pictorial prompts in a sequence that comprised a script related to a daily task (Figure 1).
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Script backward Script forward
2 Panic/Help button Re-play prompt

24 Figure 1: MAPS PDA platform.

28 A PC-based application provided tools for script creation, modification and
sharing with other users via a web-based repository of scripts (Figure 2). The web

33 repository had a browser-based search, storage, and retrieval engine facilitating sharing
35 and building of a body of successful scripts. The script editor was an EUD environment
that allowed an end-user developer (i.e.: caregiver or family member) to assemble self-
40 recorded verbal prompts and personal photographs into filmstrip-like scripts, and to

42 transfer them to a PDA that was used by the end users to perform tasks that, otherwise,
44 would be hard or impossible to do. As a script was played, the events and context were
logged, providing information for script refinement and analysis, as well as for possible

49 immediate alternative prompts in case of breakdown situations.
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Figure 2: MAPS script editor.

MAPS end users were young adults with cognitive disabilities. The end-user
developers needed to only be able to use email, take photographs, record audio, and use
the multimedia editor / script installer. The script editor was designed to require very
minimal computer skills. This need was a result of a trade-off between ease of use and
effectivity in a ‘universe of one’ situation. Driven by this need, the effort in producing
(design and coding) the MAPS editor was two or three times the work required to create
the hand held prompter. This asymmetry is a typical split of effort in multi-tiered
architectures. The end-user tool was basically a multimedia filmstrip player (modulo the
experimental task forking option) whereas the script editor was a complex multimedia
programming tool designed to be used by non-programmers. The tool designer required
both end-user developers as well as other stakeholders (e.g.: special educators,

clinicians, and occupational therapists) to participate in making the basic structure and
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1
2
i operation of the MAPS system, especially the editor. Figure 3 illustrates the main tools
5 . . .
6 and stakeholders involved in MAPS (Removed for anonymity).
7
8 , Pers
MAPS Caresiver erson
9 meta-designer aregiver with
10 = cognitive
disabilities
1 -
12 % i
13 MAPS - - a
14 Scripts editor Design a Script i
15 — MAPS
)
16 -—--“_'§= @ PDA platform
17 il il
18
19
20 Creates a Script Script in use
21
22
23
24 Figure 3: Meta-Design: Empowering Caregivers to Act as Designers.
25
26 . . . .
27 The special needs of the end users dictated several design trade-offs. Since the
28
29 prompts, consisting of images and verbal instructions, could not use standard icons or
30
g; symbols, photos of the exact steps to be taken must be used to insure success (e.g.: a
33
34 script instructing a 33 years old man how to fold his pants after cleaning required
35
36 images of Ais pants in Ais room). Because of this, changing scripts sometimes required
37
gg new images, and using a successful script as a basis for a template required stripping the
40 . C e . .
41 image and replacing it with a description to be stored in the MAPS template database.
42
43 Additionally, there were issues with co-morbidity, such as trembling digits or
44
22 perseverating in use of touch pad that needed compensation as well as capturing and
47 e . . . . . . . .
48 mitigating errors in following the multimedia scripts that guided the user in performing
49
50 the task.
51
52 The idea of MAPS was one of the most successful techniques for empowering
53
gg’ the same population towards independence. It was based on existing work practices,
56
57 namely occupational therapists’ technique of teaching tasks using memorization with
58
59 repeated enactment. MAPS replaced memorizing with a tool — instead of memorization,
60
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the end user learned to use the PDA tool. Therefore, in the case of MAPS (Removed for

anonymity), the trade-off is between

e tools for living grounded in a distributed cognition perspective (Hutchins 1996),
in which intelligence is mediated by tools for achieving activities that would be
error prone, challenging, or impossible to achieve and

e tools for learning grounded in a “scaffolding with fading” perspective leading to

autonomous performance by people without tools.

4.1.2 Case 2: Empowering People to Use Public Transportation — the
ASSISTANT Project

The ASSISTANT project (ASSISTANT Project 2012) aimed to support seniors and
persons with various disabilities (particularly diminished cognitive abilities) to use
public transportation. The motivation underlining this three-year pan-European project
derived from the observation that seniors might be new to the public transportation
system (perhaps due to loss of ability to safely drive oneself due to age) and it is
fundamental to support users when traveling goes awry.

ASSISTANT consisted of three parts: 1) a web-based route and preference editor
(Figure 4a); 2) a smartphone-based Personal Navigation Device (PND) (Figure 4b); and
3) a server coordinating the other two parts, processing real-time information for active
routes being displayed on the PND, and implementing error detection and mitigation

strategies.
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26 Figure 4: (a) The web-based route and preference editor and (b) the Personal Navigation

28 Device designed in the ASSISTANT project.

32 A formal or informal caregiver was in charge of setting up the system for the
34 end user in the route editor (the EUD environment of ASSISTANT), and creating routes in
36 the editor, which were stored in the server and PND. At the scheduled time, the PND
39 alerted the end user and guided him/her along the route while coordinating the

41 monitoring of error states with the server to take appropriate actions according to the
end-user profile (Removed for anonymity).

46 ASSISTANT had several novel features: simplified route planning (in contrast to
48 offering multiple confusing options), deep personalization (both at the web browser
50 accessibility and smartphone interface level), and error tracking and mitigation. Using
real-time transit information, personalization settings, and sensors on the smartphone,
55 ASSISTANT monitored the progression of the trip following the planned route and

57 providing dynamic mediation when the user got lost or confused, or the environment

changed (e.g.: the bus was stalled on the road) (Siira and Heinonen 2015). This
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dynamic, real-time personalized error tracking and mitigation was based on an approach
of ‘designed for failure’ (Removed for anonymity), which takes into account that
outages frequently occur and must be managed, ensuring that the passenger is always
supported by the system.

These novel features are explained in detail in the following.

Personalization features. The ASSISTANT system has two places to tailor the
application: the PND preferences, which reflect typical (‘shallow’) personalization

(Figure 5) and the route editor/setup tool, which supports also deep personalization.

oQ & W

< Goback

Bluetooth Button
off sounds off
Volume
DOWN Volume UP

Brightness Route Waypoints
AUTO planner off OFF
L) .
Replay Call
B = —

Figure 5: Tailoring ASSISTANT in the PND preferences.

The three personalization screens of the route editor/setup tool are shown in
Figures 6, 7 and 8 (corresponding to tabs ‘My Information’, ‘Preferences’ and

‘Contacts’ respectively).
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32 Figure 6: Personalization through the ‘My information’ tab.

36 In the initial personalization screen (Figure 6), the left side is the typical
personalization input to create an account and set up the language for all screens.

41 However, the right side does not just capture a primary caregiver for the person but
43 creates a user with all the rights and privileges as the end user. A caregiver can make
routes and examine exiting routes for the user, who nominates him/her as being in a

48 caregiver role.

URL: http:/mc.manuscriptcentral.com/tbit Wail: TBIT-peerreview@journals.tandf.co.uk



oNOYTULT D WN =

Behaviour & Information Technology - FOR PEER REVIEW ONLY

HOME ROUTE PLANNER MY INFORMATION

Preferences

PREFERENCES CONTACTS

Welcome, stefantec © SignOut

USER THEME

[ Typical Senior

[ Typical Adult

O Tourist

[J Mobility Disability
[ Visual Disability

DISABILITIES

Visual O Blind
O Need very large text
O Need large text
O Partially Sighted
@ Good vision

Mability O Wheelchair user
© Need cane or Zimmer
frame
O Very slow walker
O Slow walker
@ No mability problems

+ Save and finish

ALERTS

@ Audio
@ Vibrate
[ Full screen blink

[J Play alert till confirmation

O Invert screen

O Ambient lighting adjustment

O Alarm on lost GPS

[0 Alarm on lost mobile data

O Alarm on lost phone service

& Audio PC confirmation beep

& Audio confirmation on mobile device
@ Confirmation by vibration on mobile
O Active Map Zoom controls

ROUTE SETTINGS

Maximum number of stops in route 10 v

dssistont AAL

REPEAT THE PROMPT
Number of times Repeat after (1-3 seconds)

[ 1 v

TOUCH SCREEN DELAY

[ Touch screen delay on

Touch screen delay (1 - 5) 1 v

WALKING DISTANCE

Maximum distance to walk (meters) 0

TIME TO EXIT HOME

Delay before exit (minutes) 0 4

Copy Right(c) 2014 ASSISTANT no. AAL-2011-4-040 has received funding from AAL JP, co-funded by the European Union

Figure 7: Personalization through the ‘Preferences’ tab.

The second personalization screen (Figure 7) is the core of the meta-design

aspect of this system supporting deep personalization. An initial glance at the number

and description of the possible options might lead the novice user to become confused,

so the system provides a low effort entry point through a set of user themes (in the

upper left box). By selecting a theme, a set of checkboxes is activated, letting the user

know how the system would be configured for them. This is a response to the problem

of implementing meta-design as a series of choices, where some of them are quite

specific and complex. By providing the user with templates, the cognitive difficulty of

initial use can be significantly lowered, ensuring easy initial use but a high level of

possibilities (low floor high ceiling).

Below the theme section, the user can select specific disabilities, in order to

make the system configures itself to accommodate them. For instance, selecting ‘Blind’
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turns on reading aloud all the guidance statements the PND displays en route. Selecting
one of the mobility options changes the ‘walking’ rate for calculating the time needed
for getting to transit stops, between stops en route, and from the last stop to the final
goal.

The middle and right sections of ‘Preferences’ tab allow fine-tuning of the route
editor to precisely fit the users’ requirements. The user can select any combination of
the three modalities of alerting him/her for giving next instructions about the route
presented on the PND. Below them, there is a series of finer grained setting of PND
display and behaviours. For instance, alerting the user with a beep and a vibration may
not work for this user, so one might decide to continue the alert till the PND screen is
touched. Similarly, some travellers might need to be told in an active way when their
connectivity is lost. One problem many elders have with small screens and maps is that
inadvertent interaction with the touchscreen may make the map unreadable, whereas
other, more capable and experienced users, want the ability to move around in the map.
Therefore, the default setting for ‘Active Map Zoom’ controls is, for all themes, not
selected, so that the user has to really want this functionality (a typical opt-in
functionality according to nudge theory (Thaler and Sunstein 2009)).

Beyond playing the alert till the screen is touched, the user can, in the right side
of the screen, specify the number of repeat alerts to be played and the spacing between
them. Some older and disabled users may have problems with using touch screens, due
to palsy or a nervous perseveration tapping the screen, so the touch screen delay allows
the system to only accept the first screen touch, disabling it for a user-settable time. The
‘Walking distance’ option collects the maximum distance that the route would make the
user walk between two stops: if the distance is exceeded, then another route is

presented. The application only chooses and presents the best route based on the source
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and destination entered in the route editor; the logic here is that, unlike other planning
applications, it might be too complex for elders to compare and choose amongst
multiple routes. The last option (‘Time to exit home”), accommodates the wide range of
‘getting ready to go’ activities and times to perform these activities by adding the

appropriate offset to the start of the route time.

HOME ROUTE PLANNER MY INFORMATION PREFERENCES CONTACTS Welcome, stefantec € Ssignout

Contacts

SELECT NEW CONTACT CONTACT LIST

Rdme: Order Name Phone number

Write name

2 stefan 34667119685

Phone number

Write phone number
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+ Save and finish

-@stst@nt AAL
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Figure 8: Personalization through the ‘Contacts’ tab.

The last screen (see Figure 8) allows the creation of a list of contacts for possible
intervention, thus providing the support for both the user and caregiver to feel safe in
using the system (see ‘Error trapping and mitigation’ below).

This detailed explanation of the personalization features in ASSISTANT should
provide some insights for understanding the boundaries between standard application
design and meta-design. While ‘shallow’ personalization makes using the application
more comfortable, deep personalization and functional options are able to cope with the
problems and users considered in the project. A characteristic of meta-design is that the

application, as used by this user, is completely specific to him/her: from the route
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planning, the way the PND presents the route instructions, and the fashion errors and
breakdowns are mitigated for this user on this route (and possibly at this time of day),
the personalized version of ASSISTANT is deeply different from ASSISTANT ‘out of the
box’.

Difficult activities in the meta-design were therefore finding either the most
critical changes in behaviour that would make a big difference to the user or those
additions to the behaviour that would circumvent adoption. A less difficult but critical

issue was working out how to communicate these options to the users so that they could

envision them in practice.

Error trapping and mitigation. The implementation of error trapping functionality in
ASSISTANT aimed to cope with the practical problems of automatic adaptation in meta-
design. Automatic adaptation of a system requires a sufficient log of user interactions
and a measurable result to optimise. However, emulating this adaptivity in meta-design
is problematic because of both of these requirements. In practice, the infrequency of use
of the system may only produce a handful of data over months, and measuring the
optimisable result is difficult in a complex system. This is magnified by the potentially
high negative consequences in the process of use, both in the confusion matrix (false
positives can lead to abandonment of the system, while false negatives can lead to
harm) and in the very large error space of any act in the real world. This trade-off
between capturing every problem and not raising too many false alarms is an important
consideration in adoption or abandonment of high-functioning critical systems.
Therefore, in designing ASSISTANT, adaptation was replaced by making the system
iteratively (over many routes taken) adaptable, and by making both error capture and

mitigation part of the adaptation process.
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ASSISTANT captured many simple errors, such as no battery power, missing
connectivity (phone, network, GPS), and not being on the expected route. However,
there were further error conditions than just not being on the route, which the system,
doing constant monitoring, could detect easily. To these error conditions, the designers
applied the 2-basket principle (Removed for anonymity): enumerate the errors that one
can anticipate and for all others get contextual information and go to a human to
evaluate.

ASSISTANT’s functional personalization (see Figure 8, ‘Contacts’ tab) supported
incremental intervention. Contacts added in the list could be relatives or caregivers or
emergency personnel. When the system detected a serious error (e.g.: the smartphone
was not responding to repeated pings, could not connect to the network, etc.), the server
sent SMS messages, which identified itself and the user and contained the latest
contextual information and route plans, to the contact at the top of the contact list. If an
accepting SMS reply was not received, then the server moved up the list to the next
entry in the contact list. Thus, by the user putting emergency personnel (such as the
police) at the top of the contacts, the ASSISTANT traveller was guaranteed support no
matter what situation occurred. This same contact list was accessible by the user when
he/she was informed by the PND of an error or when he/she felt there might be an error

(Figure 9).
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29 For each anticipated problem, an appropriate mitigation was applied. For

32 instance, there were two versions of ASSISTANT with respect to its server: for some

34 transit system, particularly the larger ones, there was an application programming

36 interface (API) that allowed the server to read real-time location through GPS and
current schedules; for other, typically smaller and more rural, regional transit

41 administrations, which provided schedules and routes in GPRS data format, all route
43 guidance was predicative rather than in real-time. In case of lost connectivity or offline
server, the system switched to the last, most current schedule, and based its guidance on
48 this, by informing the user so that he/she could apply his/her own intelligence and

50 knowledge to the route. This distributed cognition approach (Rogers 1997) allowed the
52 users to make their own decisions about what to do.

Finally, it is important to note that all the features described above resulted in a
57 tightly fitted tool for a specific person using public navigation, a tool that, once used

59 with satisfaction, did not require further effort beyond choosing a destination. Without
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the initial meta-design approach, this would have required endless fiddling and

interpretation by the end user.

4.1.3 Case 3: Customized and Interactive Pill Dispenser — the EUDroid Project

As observed in the ASSISTANT case, elderly people often need a specific support for
carrying out daily activities, like taking public transportation or taking prescribed
medicines. Several electronic devices that help old patients take pills have been
proposed in the literature (Ahadani et al. 2012; Crema et al. 2015; Minaam and Abd-
Elfattah 2018). However, most of the existing works do not allow users to customize the
behaviour of the device. In the EUDroid project, we regarded this case as a multi-tiered
proxy design problem in which the dyad was composed by an old patient and his/her
caregiver who was called on to perform device personalization.

The EUDroid system encompassed a modular pill dispenser customized by
formal and informal caregivers according to the patient’s specific therapy needs
(Removed for anonymity). Using a smartphone, users could activate a buzzer and LEDs
related to pills, according to the type of pill, the day and time of activation and some
other properties. An underlying formal language was defined for device configuration
and to provide users with the conditions to build complex rules for therapy reminders
(Removed for anonymity). The end users were seniors that needed to follow a therapy
by taking one or more pills at different times a day. The end-user developers were
informal caregivers, usually relatives (often sons or daughters) or formal caregivers that
were in charge of monitoring and checking that the therapy was correctly followed.

The overall system was composed by (see Figure 10):

e A pill dispenser with the actuators (LEDs, buzzer, button), which allowed the

interaction with the patient;
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e A web server that stored the information and checked if a specific event had

occurred;

oNOYTULT D WN =

e An Android app that allowed the caregiver to specify the therapy and the pill

dispenser behaviour and to get feedback about the ongoing therapy.

30 Web server

34 Figure 10: The architecture of the EUDroid prototype.

38 The pill dispenser was a modular physical device (see Figure 11). The
modularity of the device allowed managing any number of pill types and multiple

43 therapies at once, according to the specific needs. Physical modularity was ensured by a
45 number of modular pill boxes (see Figure 12) that could be added to the pill dispenser
according to the therapy. Once the therapy time occurred, a buzzer was activated to

50 remind that one or more pills needed to be taken. At the bottom right of the pill

52 dispenser, there was the button that the patient had to push to reset the device status

>4 when the pill was (or the pills were) taken. This button was the only user input to the
pill dispenser and, when it was pressed, it sent to ‘LOW?’ the status of the device,

59 deactivating all the actuators.
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Figure 12: The modular pill box.

The remote web server hosted a mySQL database that stored the ID of the pill
reminder and the available commands for the device. The web server stored the
information sent through the app, listened to occurrences of specific events to send a
trigger to the pill reminder, and received (and processed) the button push event to notify
when a pill had been taken. In case of more than one pill to be taken together, the user

had first to take all the pills and then to press the button.
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Different behaviours, represented as elementary event-condition-action rules,

could be set by the caregiver through the Android mobile app (the EUD environment).
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30 Figure 13: The Android mobile app: adding a new therapy (left), adding a new pill to be
31 taken (right).

Figure 13 shows two screenshots of the mobile app. On the left a new therapy is
38 being added, then a specific pill (“farmaco” in Italian) is chosen, and a set of event-

40 condition-action rules are created (right) to define therapy scheduling.

42 Furthermore, the app provided the caregivers with a ‘notification’ feature in case
a pill had not been taken at the right time; and it finally reported the history of pill

47 taking (see Figure 14). In this way, the caregiver could be sure that the patient was

49 taking the pills correctly.
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Figure 14: The Android mobile app: screenshot showing the today’s therapy (left) and
the overall status (right).

One peculiarity of the pill dispenser was that the number of physical boxes was
decided (and programmed) by the caregiver and could be changed at any time to best fit
the specific therapy.

The final goal of this project was to help elderly people take advantages of new
technologies to improve their quality of life. However, the main sociological limitation
of the proposal was related to the acceptability by the old people of a technological
device that should replace paper. In one of our first user studies, we discovered that
people felt better with a silent, always working, not proactive and discreet item, namely
the schedule written on a paper sheet. On the other hand, this traditional approach needs

the caregiver to be co-located in the same place where the patient lives.

4.2 Lessons learnt from case studies

While the digital divide (Schon, Sanyal, and Mitchell 1998) has often been discussed as

the difference between having access to modern information technology or not, in the
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three case studies discussed above, IT has been exploited to design socio-technical
environments that increase social inclusion and improve people’s quality of life, going
beyond the mere accessibility to IT.

This objective has been achieved through a meta-design approach supported by
EUD environments that empower stakeholders to tailor and evolve digital artefacts for
specific tasks and specific users. Meta-design supports the development of socio-
technical systems that includes people at a small scale (in dyads), at a medium scale (by
sharing artefacts within a specific community, e.g.: the community of caregivers), and
at a large scale (by being broadly in society, e.g.: in a job or in daily life).

The adoption of assistive technology requires having an ecologically valid
approach (for example, using ethnographic methods), in order to study the use of the
developed systems. In other terms, integrating theory, system development, practice,
and assessment plays a fundamental role. The assessments of a number of dyads to be
studied in detail in their daily situations is necessary to cope with ‘universe of one’
problems, but this may bring high cost and effort both for developers and users.

The three case studies suggest that addressing the ‘universe of one’ world of
people with specific needs requires highly personalized systems. For instance,
ASSISTANT demonstrates the need for shallow and deep personalization, which, on the
other hand, may require a significant effort on behalf of caregivers. Also in the case of
the pill dispenser, the high variability of therapies and the number of types of pills to be
taken requires a high participation of caregivers in personalizing the system and in
checking if it is correctly working with the patient. Meta-design could support
participation by making available all relevant possibilities, but a huge effort is needed to
figure out all critical changes in behaviour and properly design related options in the

EUD environment.
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In the AT domain, error trapping and mitigation is crucial for avoiding
potentially dangerous situations for specific users (who may get lost in a town or take an
overdose of pills). This requires that all problems are anticipated, and related solutions
designed, but the very large error space and the small usage datasets can make this
activity rather difficult. On the other hand, perceiving the solution as not safe enough
may prevent adoption or lead to abandon the technology. This issue is also related to the
availability and reliability of real-time use data for automatic adaptation: performing
inferences from these data can make a digital solution really powerful, but in case things
go in an unexpected way (data are not available, connectivity is lost, etc.), a default
minimal solution by either reducing functionality and/or usage solution space must
always be foreseen in the meta-design phase.

Last but not least, sophisticated technological solutions may be rejected by end
users, who can feel not comfortable with them and prefer traditional tools and practices.
As in the EUDroid case, acceptability of technology is not only a matter of providing a
more valid and secure daily practice, but psychological and social issues should be

considered during meta-design.

5. Survey study

This section presents a survey study we performed with the help of research scholars in
the field of EUD who have been involved or are currently involved in projects aimed at
solving multi-tiered design problems. A questionnaire including 20 questions was used
to carry out the survey study. A first version of the questionnaire was prepared by two
authors of this paper, and, before submitting it to the participants in the study, it was
validated with the help of the other two authors. The validation led to reformulate one
question, to drop two questions that turned out to be unimportant and to substitute them

with two new questions necessary to collect more interesting feedback. Time and effort
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required to fill in the questionnaire were considered adequate.

Nine questions of the final questionnaire were pure open questions, whilst the
others encompassed both a closed choice and the request of explaining the given
answer. Seven colleagues have been invited to participate in the survey study by email;
all of them have accepted the invitation and filled in the submitted questionnaire. The
participants live in four countries (Italy, Spain, The Netherlands and US), and are
professors or researchers in seven different universities and research institutes.

An approach taken from qualitative analysis (Strauss and Corbin 1990), based
on coding and iterative refinement of categories and themes, has been applied to process

the answers provided in the questionnaire.

5.1 Issues explored with the survey study

The aim of the survey study was collecting additional information concerning the
development of solutions for multi-tiered design problems through EUD and meta-
design, with a particular attention to technical and social issues emerging during the
specification, design and deployment phases of the related projects.

The submitted questionnaire was organized in three parts:

e The first part included an introduction to the definition of ‘multi-tiered design
problem’ and to the terms ‘end users’ and ‘end-user developers’, in order to be
sure that the participant understood the questions correctly. An example
referring to the MAPS project was presented to give a concrete account of the
terminology adopted in the questionnaire.

e The second part of the questionnaire referred to a specific project carried out by
the participant, which description was available in literature (but that the

participant could change with a different one) and included questions related to
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the involved stakeholders (especially, end users and end-user developers). The
questions addressed issues related to stakeholders’ needs, skills, roles,
motivations, and perceived benefits and weaknesses of the proposed solution.
e The third part was aimed at better investigating the EUD solution proposed in
the participant’s project. It was asked its relationship with users’ daily or work
practice, its applicability to other application domains, its sociological and
technological limitations, and its long-term sustainability. The last question
asked for a comment on the adopted meta-design approach (if any), in order to
gather the participant’s opinion about the advantages brought to the project by

such an approach.

5.2 Lessons learnt from the survey study

The projects described in the survey study referred to several domains including (1)
autonomous assisted living (Chesta et al. 2018), (2) physical rehabilitation (Tetteroo
2017), (3) cognitive therapy (Garzotto et al. 2017), (4) education (Repenning et al.
2015), (5) smart cities (Valtolina and Di Gaetano 2018), (6) Internet of Things (Ardito

et al. 2018), and (7) cultural heritage (Romano, Aedo, and Diaz 2016).

‘Universe of one’ cases. In the first three domains focused on elderly people, patients
in physical rehabilitation, and children with cognitive disability, respectively, end users
constitute a ‘universe of one’ (meaning that each user requires a personalized solution).
Contrary to the wide-spread assumption that these end users’ special needs would
prevent the use of digital technology, digital technology became the medium to support
these end users and foster their inclusion in daily practices (the same evidence resulted

from the three case studies described in Section 4).
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In these contexts, the role of end-user developers (caregivers, family members,
and therapists creating software artefacts for the sake of someone else) is fundamental,
because they are the only ones who know the characteristics and preferences of each
end user and may design the most appropriate solution.

Among the benefits brought about by the technology, survey participants
underlined how domain experts felt empowered in creating innovative solutions to be
used in their work, even though some of them encountered difficulties in understanding
all the potentialities. Usually, domain experts’ motivation to acquire skills for using an
EUD tool was just improving some other’s quality of life or quality of care. The EUD
tool was usually designed to be easily integrated with the existing daily/work practice,
often by defining a domain-specific visual language and providing personalization
features of increasing complexity (from customizing contents, to creating new contents
until defining new functionalities). Participants declared that the system could be kept
‘alive’ in the hands of end-user developers even after researchers have left them alone.
A formal and long training was never required for using the EUD tools, even though in
a project experimented in a real setting it emerged that other kinds of effort were
required; in such a case, the time needed for carrying out the EUD activity was
considered too high in comparison to the perceived value, since it was often only a
portion of the daily activity of the domain expert.

Another recurrent aspect of these projects is the importance of sharing the
created artefacts, or parts of them, within the community of domain experts, both to
speed up the development process of new artefacts and to foster inclusion of other
domain experts (often, those experts who are less technologically oriented). On the
other side, solutions designed by non-IT experts are perceived as fragile and unsafe;

domain experts often feared to lose control on the system, by underestimating and
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misinterpreting its potentialities; finally, one participant underlined the side-effects (not

yet explored) that digital technologies may have on end users with special needs.

‘Universe of communities’ cases. The other four domains (education, smart cities,
Internet of Things, and cultural heritage) considered in the participants’ projects
allowed us to expand the analysis of applications and users that could be involved in
multi-tiered design problems.

All these projects were oriented to a ‘universe of communities’, with different
target communities of end users having homogenous needs and goals. Survey
participants underlined different types of motivations, benefits and socio-technical
limitations with respect to the ‘universe of one’ cases. Acquiring new competences and
exploring new work possibilities, and thus a professional reason, was often a motivation
for domain experts to participate in these projects. Economic reward was also perceived
as an important benefit in the long run. Technological limitations were usually related to
the prototypical nature of the developed tool, whilst different social limitations
emerged, due to some domain experts that were not interested in learning and using a
new tool or complained about their daily workload, or to political reasons for not

adopting the proposed solution.

Patterns in both cases. All survey participants underlined the generality of their EUD
solutions, that is, their applicability to a variety of contexts. The need of a multi-
disciplinary team, often including roles beyond IT people, domain experts and end
users, was another recurrent aspect of multi-tiered proxy design problems. For example,
sometimes managers might work for or against the initiative, by prescribing the formal
training of end-user developers or allowing/negating the time for carrying out the EUD
activity. In the education case, the involvement of school managers and public

institutions resulted to be fundamental for the successful deployment of the system.
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Finally, as to the adopted meta-design approach, five survey participants
underlined, as main advantages, the possibility for domain experts to express
themselves through technology, the promotion of creativity tools, the definition of co-
creation spaces, and the capability to foster communication and collaboration among
different stakeholders, with different expertise and language. Two participants declared
they did not adopt a meta-design approach; interestingly enough, these ones are the
most convinced that long-term sustainability is an issue in their projects, since they
considered unfeasible leaving the EUD solution solely in the hands of end-user
developers; they also claimed that researchers and IT experts might be needed to
manage the correct operation of the system, extend it overtime and intervene in case of

breakdowns.

6. Design trade-offs and meta-design guidelines

The reflection on the case studies and the feedback collected through the survey study
led us to identify a series of trade-offs that may be encountered while designing
environments for social inclusion through multi-tiered architectures. From the analysis
of these trade-offs, new additional guidelines for meta-design refining those proposed in

(Fischer, Nakakoji, and Ye 2009; Fischer, Fogli, and Piccinno 2017) are defined.

6.1 Design Trade-Offs

Creating socio-technical environments for social inclusion addresses wicked problems
(Rittel and Webber 1984) and it is therefore not an easy and straightforward task but
requires the exploration of design trade-offs (Fischer 2018). The problem domains
described in this paper are wicked problems for which there are (1) no perfect designs
(Simon 1996); (2) no decontextualized sweet spots (Fischer 2018); and (3) no silver

bullets (Brooks 1987).
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Without a deep understanding of both the strengths and weaknesses of the
technology (e.g.: when, where, why, how, for what, and for whom it is and isn’t
suitable), researchers and developers will not be able to act in the best interests of
stakeholders and may therefore (despite the best intentions) increase the digital divide
rather than the social inclusion (Schon, Sanyal, and Mitchell 1998). Some of the major
design trade-offs that we have explored in our objectives to move towards more

inclusive societies are discussed in the following.

Universe of one versus universe of communities. In our case studies and in some
projects described by survey participants, each user needs a specific, personalized
solution that requires forming a dyad with a domain expert who must be facilitated in
tailoring the system for his/her end user. This usually requires that domain experts have
intrinsic motivations to participate, due to their strong bond with end users and the
desire to improve their quality of life. In other situations, such as education, cultural
heritage, and smart cities, the objective is instead designing environments to allow the
creation of artefacts that may be used by different communities of users. This obviously
guarantees general applicability and scalability, with significant economic rewards,
even though the risk of social exclusion could be higher than in solutions for ‘universe

of one’ problems.

Tools for living versus tools for learning. Projects proposing novel IT solutions are
usually focused on developing tools for living, namely tools that facilitate the execution
of activities in daily life and/or work. However, promoting social inclusion should
consider the possibility of developing tools for learning (Removed for anonymity).
Learning may include acquiring skills in doing something or knowledge and
competencies about a specific domain, thus making people evolve and become more

independent. However, even though this deeper understanding of the activity may create
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the possibility of an independence of the tool, this will often come at considerable costs,
including time and effort in learning the activity, and then ultimately executing it in a
possibly error-prone and time-consuming way. Finally, characterizing a tool as a tool
for living or as a tool for learning is not an attribute of the tool itself but is determined in
many cases by the user’s objectives and the use context (Fischer 2006). Therefore, a
meta-design approach must contribute to frame the problem by taking into account

these different possibilities.

Overreliance on external tools versus independence. Cognitive biases, due to our
limited resources, affect our everyday interaction with real word, including IT
technology. As a consequence, each of us could become dependent on external tools
(e.g.: today we do not remember any more our relatives’ phone numbers because they
are in our cell phone). This brings about the risk of losing our capabilities to properly
deal with unexpected situations or, worst, of being persuaded to do things that could be
against our safety, interests and values. Designing socio-technical systems for social
inclusion should pay attention to the weaknesses of people (especially the most fragile,
like children, elderly and cognitive disabled), and foster distributed cognition to avoid

overreliance on external tools.

Easy-to-use versus difficult-to-design. Designing IT solutions that are easy-to-use by
everyone, independently of ability, age, culture, and so on, is a challenge that meta-
design aims to address. However, this often leads to create EUD environments that
require advanced skills for designing the right solution for the different users. ‘Ease-of-
use’ along with the ‘burden of learning something’ are often used as arguments for why
people will not engage in design. Building systems that support users to act as designers
and not just as consumers is often less successful than the meta-designers have hoped

for. Being able to cope with the (sometimes opposed) requirements of end users and

URL: http:/mc.manuscriptcentral.com/tbit £mail: TBIT-peerreview@journals.tandf.co.uk
7



oNOYTULT D WN =

Behaviour & Information Technology - FOR PEER REVIEW ONLY Page 38 of 51

end-user developers is an issue to be considered in meta-design.

Personalization versus participation overload. IT solutions often require to be deeply
personalized according to different users’ needs, and personalization could be less or
more sophisticated. This may lead to a participation overload for end-user developers,
who are called on to perform such personalization for the benefit of other people. To
address this trade-off, existing methods such as reuse, redesign, and remixing need to be
further improved and extended. EUD environments should be conceived as construction
kits and domain-oriented design environments providing high-level building blocks and
allowing users to express themselves in their own language and notation (Fischer, Fogli,

and Piccinno 2017).

Personalization versus scalability. Personalization brings with it also the problem of
managing all the created extensions in the long run. While end-user developers might be
called on to manage different extensions for different end users, developers must be
able to acquire control on all the extensions and possibly integrate them for the sake of
developing an improved and more general version of the EUD environment, in order to
foster scalability. The answer to this challenging situation may be in the development of

social structures around these systems such as collaborative work practices (Nardi

1993).

Deployment in real settings versus fragility of the system. Deployment of IT
solutions in real settings often results in unexpected situations and/or emergent user
behaviours that may influence users’ rejection or acceptance of the solutions
themselves. Openness fostered by meta-design may go in conflict with the need of
‘designing for failure’ (Removed for anonymity), and thus avoiding to cause harm to

people unable to promptly react to unknown situations. Especially in the multi-tiered
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proxy design problems discussed in this paper, responsibility of designing a specific
personalization or extension is assigned to the end-user developer, someone who does
not have the necessary competence and knowledge to foresee all failure causes and cope
with them appropriately. Therefore, this trade-off underlines how meta-design must
define all the socio-technical conditions necessary to address the errors occurring at run

time, even those that cannot be anticipated and for which human intervention is needed.

6.2 Meta-design guidelines

General guidelines for meta-design were originally proposed in (Fischer, Nakakoji, and
Ye 2009), and slightly revised in (Fischer, Fogli, and Piccinno 2017). Based on the
research activities documented in this paper, we will propose a new and updated list

specifically oriented to the design of socio-technical systems for social inclusion:

(1) Adopt an ecologically valid approach. Designing socio-technical systems
addressing multi-tiered design problems require an in-depth analysis of
daily/work practice to obtain a digital artefact that could be easily integrated
with such practice. In ‘universe of one’ contexts, this means the assessments of a
number of dyads to understand needs, preferences, idiosyncrasies, values,
strengths and weaknesses of the involved stakeholders.

(2) Define spaces for co-creation. Beyond the end user, end-user developer and
software developer, several other roles are often involved in wicked problems.
Meta-design should foster multi-disciplinarity by creating tools and conditions
for communication and collaboration both at design time and use time. Meta-
design should provide spaces for expressing one’s own creativity and promoting
inclusion at different scales: small scale (the dyad), medium scale (the

community), and large scale (the society).
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(3) Support design rather than programming. To address multi-tiered design

problems, meta-design should support high-level EUD activities allowing
domain experts to easily design and personalize IT solutions for other people,
rather than requiring them to learn some (possibly easy-to-use) programming
environment or language. A 3-layer approach is proposed in literature to address
this problem: 1) the meta-design layer, where there are tools and practices to
design the EUD environment; 2) the design layer, where there is the EUD
environment devoted to domain experts; and 3) the use layer, where the digital
artefact created by the domain expert is used by end users (Ardito et al. 2018;

Costabile et al. 2007).

(4) Foster sharing and collaboration. In most of the analysed cases and projects,

artefact sharing is required to increase re-use of solutions and improve domain
experts’ efficiency. Thus, creating technical mechanisms and social enablers for
collaboration might make domain experts’ work easier and contribute to
stimulate participation and promote inclusion of those domain experts that are

less technologically oriented or not interested in technology at all.

(5) Accommodate different stakeholders’ motivation. Domain experts are triggered

by different motivations to participate in solving wicked problems. In the
‘universe of one’ case, they are usually moved by intrinsic motivations, such the
possibility of improving some others’, and sometimes their own, quality of life
or work. If a ‘universe of communities’ is the target of the designed technology,
motivations may be more related to professional career or economic rewards,
thus in general to extrinsic aspects. A meta-design project should consider these
issues from the beginning to create the socio-technical conditions that are most

suitable to the different stakeholders’ motivations.
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(6) Work for scalability and sustainability. To promote social inclusion, IT solutions

may be designed to address as many end users as possible. Furthermore, it is
important to consider the different abilities and experiences of domain experts
who may be willing to participate in shallow or deep personalization, or in more
sophisticated function extension. This should be accompanied by proper
mechanisms to support long-term sustainability of projects, even after the

software developers have left them.

(7) Favour a distributed cognition approach. Ensuring usability and accessibility of

the artefacts created by end-user developers is a fundamental objective of multi-
tiered proxy design solutions. However, as observed in the ASSISTANT project,
error trapping and mitigation in real settings is often difficult due to the width of
the error space. Safety-critical situations may occur, which require human
intervention. This suggests studying solutions that, beyond pursuing usability
and accessibility, adopt a distributed cognition approach to avoid overreliance

on technology.

7. Limitations of the research and future work

The findings reported in this paper are mainly derived from the three case studies of the
authors, and thus might have a limited scope and be affected by biases. We tried to
alleviate this problem by carrying out a survey involving seven research scholars of

other universities, in order to integrate further perspectives.

Only the “universe of one’ problem has been really deepened in this paper,

whilst ‘universe of communities’ cases have been commented only with reference to
others’ research activities. To address this limitation, a more systematic study that
examines several design solutions should be carried out, as well as performing a larger

survey with a higher number of research scholars.
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Despite the fact that some EUD environments and their supporting research have
been around for years (Lieberman, Paterno, and Wulf 2006), and some success models
exist (as discussed in the paper), the impact of academic research efforts in this area has
been limited. Substantially more experience and assessment is required to determine
whether the advantages of meta-design (putting owner of problems in charge,
empowering end-users to act as designers and not only as consumers, personalizing
systems to the needs of specific users, evolving systems to correspond to a changing
world) will outweigh the disadvantages (participation overload in personally irrelevant
activities, lack of relevant technical skills, propagation of incoherent voices, and
incompatible versions of systems). Such a determination will depend on creating a
deeper understanding of the associated design trade-offs for achieving social inclusion
in multi-tiered design problems.

Exploring design trade-offs is a broad and important topic to explore for the
future of our societies in the information age. The wicked problems facing us have no
correct solutions or right answers; the rightness or wrongness of a design is not a
question of fact (as it is the case in the natural sciences), but a question of value and
interest of the involved stakeholders requiring careful choices between trade-offs. A
more elaborate framework for design trade-offs (transcending the exploration of the
design trade-offs identified and analyzed in this paper) is required to achieve a deeper
understanding about how design trade-offs can contribute (1) to avoid oversimplified
solutions ignoring important facets of complex problems; (2) to uncover unknown
alternatives and identify the truly limiting factors that underlie problems; (3) to
transcend one-sided views and group think; and (4) to move beyond binary choices by
identifying interesting syntheses and meaningful compromises between specific design

trade-offs.
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Achieving the sustainability of IT-based solutions in the context of a research
project is a challenge, irrespective of the efforts made to this goal, as most of the effects
end when a project is over. This is a timely and pressing topic, as research in applied
computing today requires IT researchers to deeply engage with practitioners in order to
achieve innovative results that are also useful in practice. Hence, critical to successful
IT research is the ability to develop solutions that can be adapted and further developed

by users with a view onto changing their practices.

8. Conclusions

This paper explored the design trade-offs that emerge when addressing multi-tiered
proxy design problems for social inclusion. These are wicked problems that can be
encountered in several domains, especially those ones involving people with special
needs. Despite the great need and the unique opportunities to improve the quality of life
for people with special needs, few research activities have been focused to solve them.

Our research efforts and projects have been grounded in exploring meta-design
as a promising framework to fill this gap. By analysing related research activities, and
reflecting on our own case studies, this paper identified design trade-offs and derived
design guidelines for meta-design specifically oriented to support the creation of socio-
technical environments for social inclusion addressing multi-tiered proxy design
problems.

In particular, we observed how modern technologies (e.g.: the pervasiveness of
mobile devices, smart objects, and Internet of Things) have the potential to support and
enrich people's life in multiple contexts. We identified unique opportunities to improve
the social inclusion not only of people with special needs but for all of us. Even though
people with cognitive disabilities might seem to be a special case for HCI research and

practice, our research is grounded in the assumption that many important issues can be
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learnt by focusing on these communities. All human beings have limited cognitive
abilities (if we had perfect memories, there would be no need to write things down), and
advances in human cognition and intelligence are made possible by powerful socio-

technical environments.
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