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Chapter 1

Introduction

Assistive Technology, as the term suggests, aims to support disabled people by using techno-
logical features to mitigate people’s functional deficits. What certainly is a hard, but within
this perspective, well-defined problem, is much more complex once we unpack the underlying
assumptions about disabled experiences in our society and the embedded normative roles of
technology. This quickly leads to fundamental questions about the relationship between tech-
nology and disability and complicates the design and evaluation of technologies in this context.
While there is no doubt about the tremendous opportunities that technology provides to make
a difference in the lives of disabled people in terms of their social inclusion, its interaction with
the complex and multi-faceted life-worlds of disabled people and our society make designing it
a wicked problem (Rittel and Webber 1973) that defies reductionist approaches.

As technologists, we cannot afford to limit our remit to engineering efficient aids that interact
with one single dimension of the disabled experience. As part of larger socio-technical systems,
technology impacts on much more than the functioning of a disabled person but, for example,
can further social stigmata, create external dependencies or shift power-relationships to create
new cuts of exclusion. How then, can we design technology that is meaningful to disabled
people and holistically responds to needs, desires and ambitions that go well beyond functioning
“normal”? I argue, that rethinking assistive technologies needs to start with a critical reflection
on the underlying conceptions of disability. Considering what we mean by “being disabled”,
determines the kinds of technologies that we can design. I.e., if we no longer think that disability
is defined by functional deficits that need fixing, we can explore more meaningful roles of
technology that respond to the complex life-worlds of disabled people.

This is the basic starting point of the research presented in this thesis, which was at the centre
of my work over the last decade. I have investigated what asking these critical questions about
disability and possible roles of technologies means in the context of designing for and with
autistic children. Autism (see box 1.1 on diagnostic criteria and background information) as a
case is particularly interesting for the kind of argument I am making for a number of reasons:
the way autism manifests itself in individuals varies considerably which results in a highly
heterogeneous group with a wide spectrum of interests and abilities. As a consequence, there
is no single, well-defined set of functional deficits for technology to target across the population
in the same way. At the same time, many autistic people appreciate structure, routines and
predictability in their social interaction, which is why they typically have a natural affinity
to technology (Ramdoss, Machalicek, Rispoli, Mulloy, Lang, and O’Reilly 2012). It offers a
medium that is perceived save as it follows clear rules and provides a tolerance for repetition
that few human peers can match. Further, autism is a condition with considerable prevalence
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Box 1.1: Autism Spectrum Conditions

Autism is a neuro-developmental condition
that can differ greatly for individuals with
the same diagnosis. While the cause remains
unclear, it is likely a combination of environ-
mental and genetic factors (Fakhoury 2015).
There are several theories that aim to ex-
plain autism (e.g. Theory of Mind, Weak
Central Coherence, Intense World Theory or
Hyper-Systemizing Theory), but the hetero-
geneity of the condition, which is likely a
host of biologically distinct sub-conditions,
has not allowed any of the theories to explain
all observed behaviours. The main diagnos-
tic criteria are related to differences in socio-

communicative interaction (e.g. social skills,
emotion recognition etc.) as well as repet-
itive behaviours and narrow interests and
thought patterns. Prevalence increases, most
likely due to the condition being recognised
more widely and changing diagnostic crite-
ria. It is estimated that more than 1 in 100
people are on the spectrum (see Russell, Col-
lishaw, Golding, Kelly, and Ford 2015; Y. S.
Kim, Leventhal, Koh, Fombonne, Laska,
E.-C. Lim, Cheon, S.-J. Kim, Y.-K. Kim,
Lee, Song, and Grinker 2011; Baron-Cohen,
Scott, Allison, Williams, Bolton, Matthews,
and Brayne 2009).

and fuzzy boundaries. Some traits linked to autism are often also seen in non-autistic people
which begs the question, where autism starts and where it ends. Consequently, autistic interest
groups were at the forefront of the neuro-diversity movement, making the argument that there
exists a wide variety of cognitive styles that do not necessarily constitute a disability, but reflect
a natural diversity in ways of thinking that society can benefit of.

To summarise the overall argument that underpins this thesis:

Assistive Technologies are predominantly designed from within a narrow perspective of mit-
igating functional limitations of disabled people. Such a fixing problems mindset, however,
does not reflect the complex and multi-faceted lived experience of disabled people. I have
focused on investigating how to design different kinds of technological experiences
for disabled people, that more holistically respond to their needs, desires and personalities
within their socio-material contexts. While autistic children is the case in which this research
is situated, the argument that I am making seeks to be broader and aims to fundamentally
rethink the possible roles of technology in the context of disability.

1.1 On Language

Before going on, it is necessary to clarify the nomenclature used in this thesis and the enclosed
publications. Language is constructed to reflect our thinking, but it also operates differently
within different socio-cultural contexts. Language matters as it expresses and sometimes en-
trenches views and values that often are unconsciously ingrained in our discourse. Breaking
with well established terminology therefore helps drawing attention to tacit assumptions, but
equally risks being misunderstood or misinterpreted. While there cannot be a single right way
to respect every view on the issue, I argue, it matters that our intentions are clarified and our
choices are deliberate and conscious.

This view echoes Shakespeare (2014) who in his book lays out the political and cultural back-
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drops against which the person-first versus label-first debate1 continues to flare up in regular
intervals in various communities (e.g. Peers, Spencer-Cavaliere, and Eales 2014). Shakespeare
states that “while terminology is important, it is not as important as the underlying values”
and warns us that “Quibbling over ‘disabled people’ versus ‘people with disabilities’ is a diver-
sion from making common cause” (Shakespeare 2014, p.19). Nevertheless, my arguments as
well as my own cultural and educational background are better reflected by using label-first
terminology and in the interest of consistency, I have used label-first in most of my publication
and throughout this thesis. This is not to disrespect or disagree with the very good reasons why
many people, particularly in the USA and other English speaking countries, prefer people-first
language, striving to foreground the fact that we are all first and foremost people, irrespective
of abilities. A choice, which is also adopted by the UN Convention on the Rights of Persons
with Disabilities (UN 2017). However, my line of argument hinges on post-structuralist ideas
and emphasises the notion that disability cannot be located within the individual and conse-
quently is not something someone can be “with”. Rather, I argue that people are disabled by
a multi-faceted interaction between intrinsic and extrinsic factors, which makes the label-first
terminology more appropriate, unless other conventions exist for specific communities or con-
texts, which would invert these intentions. In the case of autism, there is evidence that suggests
that label-first terminology is preferred by the majority in the autism community itself (Sinclair
2013; Kenny, Hattersley, Molins, Buckley, Povey, and Pellicano 2015), which is also why this
thesis and my publications use autistic / allistic2 people.

I also strive to move away from a reductive, medical and functional perspective on disability.
Thus, I avoid many terms associated with such a perspective like ‘patient’ or ‘treatment’.
While I would not want to deny that disabled people have sometimes painful experiences due to
their impairment that require permanent medical attention, using medical terms seems reducing
individuals to that particular aspect. The same goes for phrases that imply that disabled people
suffer a burden or predicament that, while certainly part of some people’s experience of being
disabled, represent a value-loaded expression that does little justice to the complexity of the
disabled experience.

1.2 Scope & Scientific Context

My work is concerned about Assistive Technologies and the roles they play in the lives of
disabled people. While any object may be designed to assist disabled people, the focus of my
work has been on digital technology or computing artefacts, situating my research within the
realm of Computer Science. More specifically, The kinds of technology discussed, designed
and evaluated in my work spans across the spectrum of computational artefacts that Weiser
(1991) may have imagined as he coined the term Ubiquitous Computing.

I often refer to these artefacts as ‘Things’ (note the capital T), not because they are necessarily
always real, physical objects, but to emphasise that these represent socio-material assemblies,
i.e. that they need to be regarded as objects, services and infrastructures within their situated
cultural and social context. Binder, Michelis, Ehn, Jacucci, Linde, and Wagner (2011) develop
this concept in their book ‘Design Things’ and point to the interesting etymology of the English
word thing: in ancient Nordic and Germanic societies, believed to be the origins of the word,

1The debate centres around the question whether disabled people (label-first) or people with disability (person
first) is the more appropriate and respectful terminology.

2We use allistic to mean non-autistic, which includes the whole range of neurodiverse, as well as neurotypically
developing people.
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‘things’ referred to assemblies and rituals by which these societies dealt with any matters of
concern. It was only in its later uses that the meaning shifted towards objects as entities of
matter. By partly reversing the etymology of the word, Binder, Michelis, Ehn, Jacucci, Linde,
and Wagner (2011) argue that we arrive at a concept that allows us to think about things (as in
objects) in different, more holistic and socially situated ways and that this concept is particularly
fruitful for designing technology. Bjögvinsson, Ehn, and Hillgren (2012) then suggested to use
‘Things’ with capital T to designate this broader meaning, which I have been adopting.

This definition of scope also situates my work within and across existing scientific communities.
This includes the field of Assistive Technologies as represented by the annual International
ACM SIGACCESS Conference on Computers and Accessibility (ASSETS)3 and related aca-
demic venues such as the ACM Transactions on Accessible Computing4. More generally, by
taking a more holistic approach to people & interactive technology, it squarely sits within the
field of Human-Computer Interaction (HCI). The number of works related to disability
in its prime conference, the annual SIGCHI Conference: Human Factors in Computing Sys-
tems (CHI)5 shows the growing recognition that this is an integrative part of studying people
and digital technologies. As HCI itself, however, my work sought to reach across disciplinary
boundaries. Most importantly it is inspired by work in Sociology and in particular by the
thinking in Disability Studies and Science and Technology Studies (STS). Developing
a theoretical foundation for moving beyond assistive technologies, requires a thorough engage-
ment with meta-physical questions and the field of Philosophy of Science. Finally, this shift
challenges existing ethical positions and therefore reaches into Ethics, Responsible Research
and Innovation (RRI) and Moral Philosophy.

1.3 Epistemological Positioning

As argued above, this work deals with wicked problems (Rittel and Webber 1973) around de-
signing technology for autistic children, i.e. problems that are ill-defined and situated within
complex and highly inter-dependent socio-technical contexts. In response, my scientific ap-
proach can broadly be described as Design Research or Research through Design in the tradition
of Cross (2001), Fallman and Stolterman (2010), Zimmerman, Stolterman, and Forlizzi (2010),
and Gaver (2012). The research questions being pursued are open and exploratory. Large parts
of the work deal with framing and theorising the problem space, developing situated methodol-
ogy and designing artefacts that are “ultimate particulars” (Stolterman 2008), situated in the
specificity of particular contexts.

As a consequence, the knowledge production in this research aligns with a constructivist sci-
ence paradigm. As Guba (1981) points out, in such a science paradigm (post-)positivistic goals
such as objectivity or generalisability loose their meaning. Instead, quality of knowledge is as-
sessed along the features of transferability, confirmability or credibility. Work presented here
typically has few participants, heterogeneous types of data, uncontrolled research environments
and applies hermeneutic methods of analysis with little statistics. Rigour in its knowledge
production stems from the detail and richness of the analysis that explain the contextual de-
pendencies. Results are not generalisable in any traditional, positivistic sense. However, they
can be re-interpreted and transferred into new contexts by offering a deep understanding about
the inter-relationships of contributing factors to observed phenomena.

3http://www.sigaccess.org/assets/
4http://www.rit.edu/gccis/taccess/index.html
5https://sigchi.org/conferences/conference-history/chi/
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This epistemological position reflects the paradigm shifts in Human-Computer Interaction as an
academic field. With the pervasiveness of computing artefacts in human live, traditional models
conceptualising this relationship have broken down. Harrison, Tatar, and Sengers (2007) identify
three paradigms (or waves): the first, inspired by the field of ergonomics, stands for the idea that
interaction is a form of human-machine coupling that needs to be optimised in a human-factors
way. The second builds on the metaphor of humans and machines being cognitive processors
of similar workings between which the information flow has to be optimised. Finally the third
is focused on interaction that is situated in the social and bodily complexities of a messy, real
world. Bødker (2006) describes similar waves along different dimensions: drawing on Bannon
(1995), she identifies the shift from first, human factors wave to a second wave that is concerned
about well-established, well-defined communities of practice, such as the workplace. The third
wave, then broadens and intermixes contexts such as private and professional life. In the words
of Bødker (2006): “the third wave, to some extent, seems to be defined in terms of what
the second wave is not: non-work, non-purposeful, non-rational”. The cultural and emotional
aspects of interaction became more central to the experience of people with technology.

This shift towards situated problems of interaction in the wild caused considerable epistemo-
logical trouble for HCI as a science. While studies within earlier paradigms could draw on
traditional, controlled experiments, leaning on the wealth of experience in psychology, the third
wave created questions that were in need of a new methodology and epistemology. Harrison,
Sengers, and Tatar (2011) sketches such a framework drawing on feminist theory and concepts
such as situated knowledge (Haraway 1988) or the seminal work by Suchman (1987) on Plans
and Situated Actions.

Conceptualising knowledge production in HCI and finding ways of its representation continues
to be a topic of interest in the field. Höök, Dalsgaard, Reeves, Bardzell, Löwgren, Stolterman,
and Rogers (2015), for example, argues to see different HCI knowledge formats such as design
patterns (Borchers 2001), strong concepts (Höök and Löwgren 2012) or annotated portfolios
(Gaver and Bowers 2012) as kinds of “Intermediary Knowledge”, capturing knowledge that lies
anywhere in between a single case and the laws of nature. I remain sceptical about this partic-
ular framing as it portrays these different kinds of knowing as progressing stages of maturity on
a continuous spectrum. In an attempt to solve this problem, I have looked to modern interpre-
tations of realism that not only allow for different ways of knowing to co-exist independently,
but also deflect the danger of constructivism slipping into relativism. In Frauenberger (2016)
I use Critical Realism (Bhaskar 1975; Collier 1994) as an underlying philosophical framework
to re-conceptualise knowledge production in HCI and I am currently working on re-interpreting
the work by Barad (2007) on Agential Realism in the context of HCI.

1.4 Project Context

The publications enclosed in this thesis relate to three projects: ECHOES II, OutsideTheBox -
Rethinking Assistive Technology with Children with Autism and Social Play Technologies for
Autistic Children.
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1.4.1 ECHOES II

ECHOES II6 was a three year research project in which eight uni-
versities across the UK collaborated on developing a technologically
enhanced learning (TEL) system for autistic children. It started with
November 2009 and ran through to October 2012. The team was
comprised of several experts from Psychology, Learning Sciences, Artificial Intelligence, Cog-
nitive Sciences and Interaction Design. The objective was implement selected parts of the
SCERTS (Social Communication, Emotional Regulation and Transactional Support) interven-
tion programme for autistic children within a mixed-reality system. Through a large-scale touch
interface, children could interact with a social avatar that engaged them in activities that were
designed to foster elements of social competence, such as joint attention or turn-taking. While
the particular learning activities were informed by SCERTS, we actively involved autistic chil-
dren in the design of the system. A large scale evaluation study was devised in order to assess
the impact the system had on the specific skills being targeted, which produced mixed results
(Porayska-Pomsta, Alcorn, Avramides, Beale, Bernardini, Foster, Frauenberger, Good, Guld-
berg, Keay-Bright, Kossyvaki, Lemon, Mademtzi, Menzies, Pain, Rajendran, Waller, Wass, and
Smith 2018).

However, watching the countless hours of video data that were collected, other aspects of the in-
teractions children had during these sessions seemed to me more significant. Children routinely
interacted with other people in the room in unexpected ways, exhibiting social behaviours that
were unusual for them. These were off the screen, often in between tasks or in response to situ-
ations where the system clearly did not what it was supposed to be doing7. In contrast to their
behaviours during the controlled tests, these instances showed how children were intrinsically
motivated to use target behaviours in ways that were meaningful to them and it seemed that
technology had a key role in facilitating this process.

Thus, technology can have many different, sometimes unexpected, roles in the lives of autistic
children or disabled people more generally. Technology is not only meaningful to them if it
assists, i.e., addresses a functional need related to an impairment, but when it responds to
desired experiences in a holistic way. Consequently, I have argued, that it is high time we
moved beyond assistive technologies and design technologies that carry meaning within the
complex live-worlds of disabled people. This does not exclude providing support, but goes well
beyond the traditional scope of assistive technology.

1.4.2 OutsideTheBox

After my engagement in ECHOES II, the question of how to move beyond tra-
ditional conceptions of assistive technology became the driver for seeking my
own funding that would allow me to investigate this question systematically,
rather than as an accidental by-product. In June 2014, I launched the “Out-
sideTheBox - Rethinking Assistive Technology with Children with Autism”8

project. The central premise in OutsideTheBox was to explore alternative
roles for technology in the life of autistic children — roles, that are not strictly
bound to any specific intervention or outcome, but that were more broadly

6http://echoes2.org - ESRC/EPSRC, TRLP TEL programme grant number: RES-139-25-0395
7Alcorn, Pain, and Good (2014) followed up on some of these instances and investigated how elements of

surprise can be a motivating resource for autistic children.
8http://outsidethebox.at - Austrian Science Fund (FWF): P26281-N23
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meaningful to autistic children within their complex lived experience. To achieve this, autistic
children needed to be involved throughout the design process and be empowered to actively
lead on ideation, conception, realisation and evaluation of technology. Further the design brief
needed to be open for autistic children to have scope to develop their own technology. We
consequently only defined two requirements in the design brief which drove our work:

We design smart, technological artefacts that a) afford meaningful and positive
experiences within the life-worlds of autistic children and b) support children in
sharing these experiences with their social environment.

Adopting ubiquitous computing as the technological opportunity space, we engaged autistic
children in a participatory design process to ideate, conceptualise and build artefacts that could
be anything, but served the two goals in the brief. Over the course of one school year we met
with each child approximately every fortnight for one hour, resulting in strong, collaborative
relationships. Over the course of three years, we collaborated with 9 children and built numerous
low- and high-fidelity prototypes (the most comprehensive overview of these is available in
Frauenberger, Spiel, and Makhaeva (2018), as well as in our online project portfolio available
at http://outsidethebox.at/eng/ergebnisse/design-portfolio)

OutsideTheBox fundamentally shaped my thinking about assistive technologies. Throughout
the project we critically reflected on our assumptions and conceptions of disability, we innovated
new methods to engage autistic children in design processes and we developed new approaches
to defining and assessing success.

1.4.3 SocialPlayTechnologies

As the direct successor project of OutsideTheBox, “SocialPlayTechnolo-
gies for Autistic Children”9 builds directly on these experiences, but
shifted and extended its scope in several ways. While extending our
participatory approach to working with groups of children with mixed
abilities, the design brief also was more specific in terms of intention:

We design a range of smart objects that are interpreted as playful by autistic and
typically developing children and support social interactions between children in
physically co-located play situations. These smart objects or playthings should be:
meaningfully engaging, interactive, robust in play, open ended in their interpretation,
embedded in typical play contexts, extendable and combinable.

While social play is widely acknowledged as highly important for the individual development
and inclusion of autistic children, there is also a rather normative view held by adults on what
“successful” social play looks like (Wing 1995). Neurodiverse children do not just have different
needs and abilities, but also different concepts of play. With the playthings we develop, we
aim to question normative assumptions about what constitutes effective social play and allow
different interpretations of activities by different players. We aim to scaffold free, self-directed
and largely unstructured play time in which technologies offer opportunities for social play with
enough ambiguity and affordances for appropriation so that children can develop their own
interpretation of a “good” play experience.

The project started September 2017 and will run until March 2020.

9http://socialplay.at - Austrian Science Fund (FWF): P29970-N31
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1.5 Contributions

Against the backdrop of these three projects, I have made a number of contributions to the
broader fields of Assistive Technologies, Human-Computer Interaction and Computer Science.
The six enclosed publications were selected as corner stones for my contributions to theory,
methods, ethics and design practice. They are further embedded in a number of supporting pub-
lications that were written within the same time frame and are cited in the respective chapters of
this thesis. Within this introductory chapter, the six core publications are visually highlighted
to put them in context.

For all six publications enclosed in this thesis, I am either the sole or the first author. As such,
and in my role as principal investigator of the underlying project work, I was responsible for
developing the scientific argument, for creating the concept and structure of the paper, and
for the majority of the writing effort in each of these publications.

In the following, I will synthesise the main contributions from this body of work.

1.5.1 Theory

Being dis-abled implies that one is not able to do things that other people typically are. Asking
what disability means, thus, is always asking what is the norm and how being disabled is
deviating from such a norm. Intuitively, people associate biological differences with being
disabled. While humans are incredibly diverse in their biology, certain biological deviations are
seen to carry a fundamental functional disadvantage in a world that is shaped by the norm. Such
a view is called biological determinism and asserts that the biological functioning of individuals
determines the way people can participate in society. Most evidently, this concerns our senses,
our cognitive abilities or our ability to move. As a consequence, biological determinism has
medicalised disability and the rhetoric revolves around treating people to alleviate their burden
or suffering. It firmly places the source of disability within the person and has led societies to
introduce segregation and institutionalisation.

While arguably much of this perspective is still with us, post-modernism has thoroughly shaken
up the ways we think about disability. During the 1970’s, Disability Rights activists sought to
turn the table on society and argued for re-locating the source of disability from the individual
to the socio-material environment. Most prominently, the Union of Physically Impaired Against
Segregation (UPIAS) developed a policy statement that boldly stated “disability is a situation,
caused by social conditions, which requires for its elimination” (Physically Impaired Against
Segregation 1976, in a report on the meeting held 22 Nov 1975 with the Disability Alliance on
the Fundamental Principles of Disabilities). In activist rhetoric, they demanded full partici-
pation of disabled people in social life and laid the blame for the perceived oppression firmly
at the door of society. This line of argument was only possible by conceptually separating the
biological circumstances of individuals (the impairment) and the disadvantage in society (the
disability). In their report, UPIAS go on to state: “Disability is something imposed on top of
our impairments, by the way we are unnecessarily isolated and excluded from full participation
in society. Disabled people are therefore an oppressed group in society.”

Developing its theoretical underpinnings, Disability Studies scholar (Oliver 1990) coined the
term social creationist for this perspective. It emphasises the materialist dimension in con-
structing the concept of disability: for example, while a person might be visually impaired,
he or she is disabled by the lack of non-visual information sources, “invisible” barriers in the
built environment or the inadequate access to the labour market. This “strong” social model of
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disability has polarised public opinion and is often pitched against the medical model in strong
opposition and aggressive rhetoric.

While the creationists are firmly rooted in the conceptual tradition of post-modernity, the
linguistic turn in philosophy added yet another twist. The social constructionist perspective
critically reflects on the cultural and socio-historic construction of disability that defines it as a
category of difference. In contrast to the creationist conception, this goes well beyond examining
the extrinsic factors as constituent elements of disability. It concerns itself with identifying
the language, the culture and the historical context by which society has shaped its agreed
version of what disabled means. It argues that no amount of barrier removal or materialist
equality will lead to greater inclusion of disabled people, as long as we make a distinction in
the way we talk and think about them. Thereby, constructionists undermine the presumptions
inherent in any categorisation or labels and seek to dissolve disability in the heterogeneity and
diversity of human life. The neurodiversity movement, for example, embodies this view as it
argues against the dichotomy of being disabled or not, but for recognising that all humans have
different neurological prepositions and cognitive styles which should be viewed like any other
human variation (Kapp, Gillespie-Lynch, Sherman, and Hutman 2013). The constructionist
perspective is inspired by post-structuralism as exemplified in Foucault (2003) and his work
on power and social norms. As a consequence, it finds itself making very similar arguments as
theorists aiming to deconstruct categorisations in the context of gender, race or sexuality.

The three perspectives briefly sketched here all have their limitations: the medical model has
led us to segregation and reducing disabled people to their deficits. The social creationist
view is equally one-sided and reductive in that it projects the disabled experience exclusively
onto external factors, while no amount of barrier removal can fully extinguish the contribution
intrinsic factors may have. While the social constructivist view seems appealing, it also denies
disabled people aspects of their own disabled experience, but for different reasons: “[w]hen the
disability category is dissolved, there is no room left for the sometimes difficult and painful
experiences of an impairment” (Frauenberger 2015a).

In recent years, a consensus has emerged that conceptualises the disabled experience as being
constructed from external as well as intrinsic factors. The World Health Organisation (WHO),
uses such an interactional model in their International Classification of Functioning, Disability
and Health (ICF), stating:

... disability and functioning are viewed as outcomes of interactions between health
conditions (diseases, disorders and injuries) and contextual factors. Among con-
textual factors are external environmental factors (for example, social attitudes,
architectural characteristics, legal and social structures, as well as climate, terrain
and so forth); and internal personal factors, which include gender, age, coping
styles, social background, education, profession, past and current experience, over-
all behaviour pattern, character and other factors that influence how disability is
experienced by the individual (p.10 Organization 2002, my emphasis).

Shakespeare (2014) draws on critical realism to develop a theoretical underpinning for this
approach that is particular appealing as it reflects the multi-faceted and diverse nature of
disabled experiences and very concretely points to possible actions and interventions to change
these.

In Frauenberger (2015a), I make the argument that these conceptualisations of disability matter
profoundly and fundamentally shape which kinds of technology we develop for disabled people.
Building on the work of Mankoff, Hayes, and Kasnitz (2010), I have argued that the way we un-
derstand disability determines which technologies we can imagine and that these technologies in
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turn foster our societal concept of disability. A medicalised view of disabilities will consequently
suggest assistive technologies that lead to segregation and forms of structural oppression. In-
spired by Shakespeare (2014) I have started to translate what a interactional and multi-faceted
perspective on disability, based on Critical Realism, would mean in terms of technology design
(Frauenberger 2015a). As a result, I developed a holistic and participative agenda for assistive
technologies that became the theoretical foundation for my design work.

1.5.2 Methods

Driven by the theoretical argument laid out above, the design approach in both, Outside-
TheBox and SocialPlayTechnologies, sought to involve children from early ideation through to
prototyping and evaluation. Thus, the core methodological question was: Can we facilitate a
participatory design process in which autistic children can meaningfully shape the design of
future technology with their own ideas and visions?

Participatory Design (PD) as an approach to develop technology emerged in the early 1970’s
from within a labour rights context in Scandinavia as well as a pragmatic political activism in
North America (Simonsen and Robertson 2013). Early projects such as UTOPIA (Bødker, Ehn,
Kammersgaard, M. Kyng, and Sundblad 1987) and the theoretical work by Ehn (Ehn 1989)
provided the foundations for conceptualising technological innovation and design as a political
activity with societal impact. Democratising such innovation then requires us to think about
ways to involve stakeholders, including future users, in the design process in meaningful ways
to collaborate on envisioning alternative technological futures.

Within the PD community a wide range of methods were developed to facilitate such partici-
pation (e.g. see Muller 2003). The motive for adopting a PD approach also broadened with the
result that a spectrum of PD work emerged that ranged from focusing on pragmaticaly increas-
ing the user-system fit, to being driven by a political stance about community empowerment,
activism, and democratisation (Kensing and Blomberg 1998).

In the design of technology with children, it is widely recognised that participatory approaches
benefit both, ideological and pragmatic concerns (Druin 2002). A range of participatory meth-
ods have been developed for the work with children (e.g. Dindler and Iversen 2007), some of
which specifically targeting disabled children (e.g. Benton and Johnson 2015; Guha, Druin,
and Fails 2008). While methodologically, involving disabled children can be particularly chal-
lenging, the consensus is that participation in this context is all the more important, because
of the little overlap in lived experiences between disabled children and adult designers or re-
searchers. This difference in lifeworlds significantly limits empathic responses that traditional
(user-centred) design processes rely on. In other words, it is extremely difficult to design for
the presumed technological experiences of disabled children as an adult designer without their
active participation in the design process.

In the case of OutsideTheBox and SocialPlayTechnology, the design brief was intentionally open
and under-defined, and the scope for children to drive the design process as large as possible.
This required methodological innovation and the re-interpretation of existing methods. While
we took inspiration from Co-opertive Inquiry (Druin 1999), Fictional Inquiry (Dindler and
Iversen 2007), Magic workshops (Kuniavsky 2007), Making (Gershenfeld 2005; Frauenberger and
Posch 2014) and drama workshops (Brandt and Grunnet 2000), we developed a distinct design
practice that acknowledged the situatedness of our engagements and the need for contextualising
our approach.

With Frauenberger, Makhaeva, and Spiel (2017) we have reflected on this participatory design
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Figure 1.1: The repertoire of method elements in OutsideTheBox
(Frauenberger, Makhaeva, and Spiel 2017)

practice and described how we instantiated the overarching method into a series’ of child-
led design. We report on how we drew on a expanding repertoire of methodological build-
ing blocks that we systematically mixed and blended based on contextual factors, such as
the child’s profile, the school setting and the results of previous design work. As such, our
contribution offers a transparent and systematic process for developing PD processes with
children. Figure 1.1 illustrates the range of method elements along the design phases in
which they are intended to be used and figure 1.2 shows the visual tool we developed in
Frauenberger, Makhaeva, and Spiel (2017) that supports researchers and practitioners in sys-
tematically mixing and blending them.

While PD has become a mainstream approach in designing human-computer interactions that
aligns well the situatedness that is emphasised in third-paradigm HCI (Harrison, Tatar, and
Sengers 2007), it also comes with particular challenges. Its idiosyncrasy and situatedness mean
that processes and outcomes typically fail to scale and systematic knowledge production that
travels between contexts is a key concern (for a detailed discussion of these systemic issues see
Frauenberger, Foth, and Fitzpatrick 2018). Work included in this thesis has sought to address
these challenges in two ways: in Frauenberger, Good, Fitzpatrick, and Iversen (2015), we have
developed a “tool-to-think-with” that allows researchers and designers to critically reflect on
their participatory practice with the aim to demonstrate rigour and accountability. As discussed
above, these concepts are usually associated with a positivistic science paradigm and indeed in
Frauenberger, Good, Fitzpatrick, and Iversen (2015) we argue that rigour and accountability
are much more nuanced concepts that are delivered in critique and reflection (also see Guba
1981, for a discussion on rigour within science paradigms). In our framework we propose four
lenses through which participatory work can be analysed and argue that rigour constitutes
itself as a form of alignment between them. Figure 1.3 provides the original visualisation of our
framework from the article.
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Figure 1.2: The visual tool for blending and mixing methodological building blocks
(Frauenberger, Makhaeva, and Spiel 2017)

1.5.3 Ethics

The work presented as part of this thesis has clear ethical and moral dimensions. There is on the
one hand the underlying moral argument that (assistive) technology and the concept of disability
are deeply interwoven. As argued above, our conception of disability fundamentally shape the
possible technologies we can imagine, which in turn are fostering structures of exclusion or
inclusion in society. As such we, as creators of technology, cannot deny our responsibility for
contributing our fair share to what being disabled means in society. The other dimension is
related to the ethics of involving autistic children in participatory research activities.

In Frauenberger, Rauhala, and Fitzpatrick (2017), we argue that while HCI methodology has
evolved to be responsive to studying technology in real-world contexts and in participatory ways,
ethics frameworks which aim to govern these engagements with users, have largely remained
formalised, static and anticipatory in nature. Standard ethics procedures for research involving
humans at universities or research institutions idealise the idea that researchers are in complete
control over the studies they conduct and that risks can be eliminated by design. While this
in itself might be an illusion, the kind of participatory design work conducted as part of my
work presents a more systemic challenge. Empowering autistic children to participate in the
making of technology means sharing power in decision making and not knowing where a design
process would lead. This uncertainty over the process presents ethical challenges that cannot
be anticipated, but researchers have to use their ethical judgement in the moment.

With In-Action Ethics (Frauenberger, Rauhala, and Fitzpatrick 2017) we present a framework
that conceptualises this argument. We discusse fundamental models of ethics, such as deon-
tology, consequentialism or virtue ethics alongside their interpretations in related fields within
the hermeneutic tradition, like Action Research (e.g. Williamson and Prosser 2002), Interactive
Public Art qnd HCI (Munteanu, Molyneaux, Moncur, Romero, O’Donnell, and Vines 2015;
Frauenberger, Bruckman, Munteanu, Densmore, and Waycott 2017). We also review current
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Figure 1.3: Accountability & Rigour in Participatory Design - our “tool-to-think-with”
(Frauenberger, Good, Fitzpatrick, and Iversen 2015)

practices and processes in ethics governance and recent developments at the level of funding
bodies such as the European Commission with their initiative on Responsible Research and
Innovation (Stilgoe, Owen, and Macnaghten 2013). Driven by a critical reflection on two HCI
cases, we identified a series of ethical challenges that go beyond what traditional, anticipatory
ethics processes can support (see Table 1 in Frauenberger, Rauhala, and Fitzpatrick (2017)).
We then sketch an ethics framework we called In-Action Ethics - seeking to evoke parallels to
Schön’s notion of in-action reflection by practitioners on design decisions (Schön 1983). Central
features of this framework are: ethics is co-constructed and requires a new quality of openness,
transparency. Handling ethics cannot be outsourced, but needs to be firmly embedded into the
working culture in which responsibilities are shared. Ethics experts support actors and scaffold
the process, rather than “do” the ethics in a project.

Figure 1.4: In-Action Ethics

Operationalising In-Action Ethics centres
around the concept of “doing the right thing”,
in the spirit of Aristotele’s virtue ethics, as
being governed by multiple normative frames
(Figure 1.4). The most outer boundary is
the law within which, traditional anticipa-
tory ethics procedures implement governing
frameworks and best practices. Importantly,
however, within this frame, we argue that ac-
tions and judgements need to be guided by a
collective and individual ethos. Such an ethos
needs to be consciously developed, both indi-
vidually as well as within projects or organisations. Thus, we argue that the concept of ethos,
when embedded in the working culture across all involved researchers, practitioners and de-
signers can bridge the gap between regulatory and institutionalised ethics frameworks and the
situated judgements that participatory design work requires.
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We have further expanded on this argument in Spiel, Brulé, Frauenberger, Bailly, and Fitz-
patrick (2018), providing a series of case studies that report on the seemingly small and mun-
dane dilemmas that researchers encounter when working with marginalised children. Such
micro-ethics significantly structures the power-relationships within collaborations and hence
impact on the design process by shaping and prioritising agendas. The paper calls for “staying
with the trouble” (Haraway 2016), being attentive to the unsolvable small dilemmas of moral
judgements.

1.5.4 Design Practice

The above contributions are grounded in and demonstrated by practical cases within all projects
and constitute in and by themselves contributions to a participatory design practice. The
most comprehensive and complete synopsis over the cases in OutsideTheBox is provided in
the article Frauenberger, Spiel, and Makhaeva (2018), which is therefore included as one of the
corner stone articles in this thesis. It describes all engagements from logistics of recruitment to
the methodological approach to prototyping and the development of research products (Odom,
Wakkary, Y.-k. Lim, Desjardins, Hengeveld, and Banks 2016). We then critically reflect on the
experiences we made over the course of the project from three particular angles: theoretical
framing, process and outcomes & evaluation. Figure 1.5 illustrates the range of smart objects
created that are discussed as case studies in Frauenberger, Spiel, and Makhaeva (2018).

Figure 1.5: Selection of smart things created in OutsideTheBox

With Frauenberger, Makhaeva, and Spiel (2016), we specifically focused on tools and techniques
to capture the tacit knowledge generated in the OutsideTheBox. To this end, we again reviewed
related knowledge production formats in Design Research and HCI, such as design patterns
(Alexander 1979; Borchers 2001), strong concepts (Höök and Löwgren 2012) and annotated
portfolios (Gaver and Bowers 2012), with a view to evolve them into a format that was capable
to better capture the multi-faceted experiences we made. In the paper, we present Design

CHAPTER 1. INTRODUCTION 15



C. Frauenberger Rethinking Assistive Technology

     
   USER EXPERIENCE   &  TESTING     

      
       F

UTURE  WORKSHOPS
    

     
      

     FW - PROTOTYPING

     
      

        
CONTEXTUAL INQUIRY

1 2 3 4 5 6 7 8 9 10 11 12 13
SESSIONS

SOCIAL RELATIONS/
NETWORKS

PHYSICAL SETTINGS/
MATERIALS

ARTEFACTS/
CONCEPTS

“TOOLS FOR MY OWN RESEARCH”:
1. IDEA: MACHINE FOR CONCENTRATING 
2. IDEA: MACHINE FOR REMEMBERING 

THE FIRST PROTOTYPE:
COPY OF GYRO 
GEARLOOSE
THINKING CAP

THE PROTOTYPE OF THE
THINKING AND REMEMBE-
RING MACHINE

THE PAPER PROTOTYPE OF THE
THINKING AND REMEMBERING 
MACHINE

FUTURE WORKSHOPS: HOW DO WE CONDUCT 
RESEARCH NOW AND IN THE FUTURE?THE MAIN IDEA: TOOLS AND 

MACHINES FOR RESEARCH

KNOWLEDGE/
DESIGNER PERSPECTIVE

EMPOWERING/
CHILD PERSPECTIVE

THE PRESENCE OF 
THE TEACHER IS NOT 
REQUIRED

THE CAMERA AS A NEW 
ACTOR

RESEARCH DIARIES

WORKING IN THE 
SCHOOL ENVIRONMENT

BRAINSTORMING AREA ON 
THE GROUND 

PROTOTYPING SPACE ON 
THE TABLE

WORKING IN THE 
THERAPY ROOM

HANDCRAFT MATERIALS: PAPER, 
PENS, CARDBOARD, GLUE 

ELECTRONICAL COMPONENTS

MICROCONTROLLER

HARDWARE, SOFTWARE AND PHYSICAL 
COMPONENTS

LED

DISPLAY

MODELING MATERIALS WORKING AT THE 
RESEARCH OFFICE

PROTOTYPES

MEASURING TAPE

PULSE SENSOR

I AM A 
RESEARCHER

WE ARE A 
RESEARCH TEAM

PAPER FULL OF IDEAS - 
(HAPPY AND PROUD) MY OWN THINKING CAP

WE ARE DEVELOPING A MACHINE THAT WILL 
ACTUALLY WORK

WE INVENTED THIS MACHINE 
TOGETHER, YOU BUILT IT

YOU CAN IMPROVE THE FUNCTION-
ALITY, INVENTIONS TAKE TIME

I CAN DO A LOT OF INVENTIONS

SKETCHES 
DON’T 
HAVE TO BE 
PERFECT

SOCIAL PROBLEMS HINDER THE 
UNFOLDING OF CREATIVE POTENTIAL 

INTERESTS: INVENTIONS, RESEARCH, 
TOOLS FOR RESEARCH

THE COLLABORATIVE REDESIGNING OF 
THE THERAPY ROOM TO A RESEARCH 
LAB SUPPORTS THE DESIGN WORK

THE COPY OF EXISTING IDEAS 
EMBODIES THE CRITERIA AND 
QUALITIES OF THE MACHINE

MAIN FUNCTION: CAPTURING 
PICTURES FOR REFLEXION 
POSTERIOR

FLASHING OF THE LIGHT OUTWARDS AS 
A SIGN OF THE THINKING PROCESS 
(RECORDING)

PULSE VALUE AS LINK TO THE 
CAPTURED PICTURE (EMOTIONAL 
CONDITION)

TWO PARTS: HEAD BAND (WEARABLE) 
AND BASE STATION (SCREEN)

THE PLAY PARTNER AS 
AN EXTENDED TOOL

THE PLAY PARTNER ENABLES 
HOLGER  BY DOING THINGS 
THAT ARE DIFFICULT FOR HIM

HOLGER DELEGATES TASKS 
TO THE PLAY PARTNER ALL RESEARCHERS ARE 

INVOLVED 
THE ACTIVE OBSERVER RUNS 
INTERVIEWS WITH TEACHERS, 
MENTORS AND PARENTS

THE ACTIVE OBSERVER 
STRUCTURES THE SESSIONS

HOLGER AND THE PLAY 
PARTNER FORM A 
RESEARCH TEAM 

“DOES THIS ROOM LOOK LIKE A 
RESEARCH LAB?”
HOLGER LEADS THE REDESIGN-
ING OF THE ENVIRONMENT

IDEATION CONCEPTUALISATION PROTOTYPING REFINING, TESTING EVALUATION

INTERESTS: 
TECHNICAL TOOLS, 
RESEARCH, INVENTIONS
ABILITIES:
GREAT VERBAL ABILITIES, 
FULL OF IDEAS

RESEARCH OF SOCIAL ENVIRONMENTS

CONTEXTUAL INQUIRY

EXPERIMENTS WITH ELECTRONIC COMPONENTS, DEFINING 
FORM AND FUNCTION

“WE ARE A RESEARCH TEAM”

TEACHER

MENTOR

PARENTS

SIBLINGS

MENTOR

PARENTS

SIBLINGS

TEACHER

MENTOR

MENTOR

PARENTS

SIBLINGS

PARENTS

SIBLINGS

D1
PLAY PARTNER

IDEATION CONCEPTUALISATION PROTOTYPING REFINING, TESTING

USABILITY,
SCENARIOS

COMPONENTS,
DIMENSIONS

QUALITIES,
FORM

SKETCHING
BRAINSTORMING

MAKING 
HACKING

FEATURES,
STRUCTURE

2. PROTOTYPE 3. PROTOTYPE

     
      

        
                   SCHOOL  ENVIRONMENT

     
      

        
       “RESEARCH  LAB”      

      
        

                   SCHOOL  ENVIRONMENT

     
      

        
       “RESEARCH  LAB”     

      
        

                 SCHOOL  ENVIRONMENT
     

      
        

               SCHOOL  ENVIRONMENT
“RESEARCH  LAB”THERAPY ROOM

ELECTRONIC
COMPONENTS

HANDCRAFT 
MATERIALS

PULSE SENSORMODELING
 MATERIALS

EXPERIMENTS

HOLGER

D2
ACTIVE OBSERVERD2

ACTIVE OBSERVER

D3
RESEARCHER

D3
RESEARCHER

D3
RESEARCHER

4. PROTOTYPE

4. PROTOTYPE
1. PROTOTYPE

D1
PLAY PARTNER

HOLGER

THINK.M.

     RESEARCH OFFICE
     RESEARCH OFFICE     RESEARCH OFFICE

TEACHER

D2
ACTIVE OBSERVER

D1
PLAY PARTNER

HOLGER

OBSERVATIONS
INTERVIEWS

BRAINSTORMING
ACTIVITIES

SKETCHING
MIND MAPPING

BRAINSTORMING
ACTIVITIES

REDESIGNING OF 
THE SPACE: 
RESEARCH LAB

RESEARCH DIARIES RESEARCH DIARIES BRAINSTORMING 
MATERIALS

SINGLE USE CAMERA

TOOLS FOR RESEARCH

“I’M A RESEARCHER”

RESEARCH NOW 
VS RESEARCH IN 
THE FUTURE

RESEARCH TOOLS 
FOR MY OWN 
RESEARCH

RESEARCH OF 
SOCIAL 
ENVIRONMENT

1. THINKING AND 
    CONCENTRATING
2. REMEMBERING AND      
    REFLECTING

ANALYSING USER SCENARIOS 
AND DEFINING FEATURES

CONSTRUCTION AND REFINING OF 
THE DESIGN

     RESEARCH OFFICE

         INTERPRETATION          ANALYSIS          CUSTOMISATION O
F T

HE 
M

ET
HO

D
S

                                   
      

     
    

    
   

 E
XP

ER
TI

SE
 

                                                                  ABILITIES      
     

    
    

   
   

  

    
    E

XPERIENCES                                SKILLS

                                   
      

     
    

    
   

 E
XP

ER
TI

SE
 

                                                                  ABILITIES      
     

    
    

   
   

  

    
   E

XPERIENCES                                SKILLS

                                   
      

     
    

    
   

 E
XP

ER
TI

SE
 

                                                                  ABILITIES      
     

    
    

   
   

  

    
    E

XPERIENCES                                SKILLS

     INTERPRETATION          ANALYSIS          ELABORATION O

F W
ORK

SH
O

PS

     INTERPRETATION          ANALYSIS        
  DEVELOPMENT

     INTERPRETATION          ANALYSIS          DEVELOPMENT    

CONST
RU

CT
IO

N

D3
RESEARCHER

D2
ACTIVE OBSERVER

D1
PLAY PARTNER

TEACHER

HOLGER

HOLGER AND THE PLAY PARTNER 
ARE WORKING TOGETHER AS A 
DESIGN TEAM

Figure 1.6: Example of a Design Exposès from OutsideTheBox

Figure 1.7: Playful technologies created in SocialPlayTechnology (smart fabrics in LightSpaces
- left; wireless pressure pads in MusicPads - right)

Exposès which is inspired on the one hand by the centrality of materials in annotated portfolios,
but also is organised along a temporal dimension and includes a structural element that depicts
the evolving relationships between actors in the design process. While the former works through
annotated pictures along a timeline, the later uses Actor-Network Theory (Latour 2005) to draw
attention to the human (e.g. researchers, the child) and non-human actors (e.g. materials,
methods, spaces) that structure the design work. Figure 1.6 illustrates one such portfolio,
Frauenberger, Makhaeva, and Spiel (2016) provides a thorough discussion on the elements and
the process of creating and using it.

At the time of writing, we have no similar overview of case studies available for SocialPlayTech-
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nology, as the project is still ongoing. However, in Frauenberger, Spiel, Scheepmaker, and Posch
(2019), we report on how our design practice evolved from working with individual children to
groups of neurodiverse children. Central to these changes is the insight, that designing with
groups of participants who have very different needs, abilities, ideas and preferences, requires
us to facilitate a design context that allows for constructive conflict. Drawing on the notion of
Agonistic Design by Björgvinsson, Ehn, and Hillgren (2012) we argue for nurturing construc-
tive disagreement as a productive way to engage design with heterogeneous groups. Figure 1.7
shows the technologies that were created with two of the groups of children we worked with in
year one of the project.

1.5.5 Evaluation & Experience

Publications that speak to this area of contributions have not been included as corner-stone
papers in this thesis, as they constitute the core parts of the doctoral work of my PhD student
Katta Spiel. Consequently, they are first author across these publications and my role was that
of a co-author and supervisor. Nevertheless, I want to briefly review their work here as it was
integral part of the research conducted in OutsideTheBox and SocialPlayTechnology.

In both projects, we have made attempts to move away from deficit oriented design of (assis-
tive) technologies. As argued above, this creates wicked problems of increased complexity and
under-defined measures of success. OutsideTheBox targeted overall wellbeing, positive expe-
riences and their ability to be socially shared - all measures that are situated and ill-defined.
While SocialPlayTechnology has more tightly defined goals, the quality of social engagements
in common play spaces, there are still many aspects of these goals that are non-trivial to assess.

Consequently, we have aimed to develop a more appropriate concept of technological experience
within the context of our research. In Spiel, Frauenberger, and Fitzpatrick (2017), we evolve
the widely used concept of “user experience” that hinges on a pragmatic notion of empathy
(see Wright and McCarthy 2008) based on Actor-Network Theory (Latour 2005) and Critical
Discourse Analysis Foucault (1982). At its core, our concept argues for an understanding of
experience that constitutes itself through the dynamic relationships between human and non-
human actors. In the context of our design process, the nucleus of experience is created through
the interplay of Child, Interaction, Artefact, Resources, Research Context and Design Process
(figure 1.8). Each of these perspectives have their own actor network that shape their role in
the construction of experience.

Figure 1.8: The nucleus

We argue, that this re-conceptualisation of experience is par-
ticularly useful when common ground in lifeworlds and con-
sequently, opportunities for empathic responses is limited - as
is the case when assessing the experiences of autistic children
with technologies. To further strengthen the voices of children
in the evaluation process, we developed the PEACE (Participa-
tory Evaluation with Autistic ChildrEn) method that allowed
us to involve autistic children in setting evaluation criteria as
well as collecting, analysing and interpreting data. This way, we
added a unique perspective to our evaluation processes which
was independent of our presumed understanding of the experi-
ence autistic children had in our processes or with the technolo-
gies we developed (Spiel, Malinverni, Good, and Frauenberger 2017).
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1.6 Conclusion & Future Work

This thesis presents a synopsis of my research over the last decade that was driven by a critical
reflection on the concept and underlying values of assistive technology. I argue that the philo-
sophical conception of what disability means shapes and determines the nature of technologies
we can imagine and create in this space. A medicalised understanding orients designers to
focus on mitigating deficits, a social view prioritises barrier removal. Building on the theoret-
ical advances in (Critical) Disability Studies, I argue for adopting an interactional model that
conceptualises disabled experiences as being constructed by a complex interplay of intrinsic and
extrinsic factors. Such a perspective, then, turns the design of technology within the context
of disability into a wicked problem as any artefact cannot interact with any of these factors in
isolation. It is thus situated, ill-defined and lacks unambiguous measures of success. This per-
spective also foregrounds our one-dimensional and normative assumptions that are embedded
in the technologies we build. I thus argue for a participatory design approach that allows for
meaningful involvement of disabled people in exploring future roles of technologies in their lives.

In my research, this argument has played out in the context of designing technology with autistic
children. In my two main projects, OutsideTheBox and SocialPlayTechnologies, we have worked
in different settings to demonstrate that it is possible for autistic children to drive technological
design processes with their creative ideas, desires and lived expertise. This has led to a wide
range of contributions in the areas of theory, methodology, ethics, design practice and
evaluation that I have summarised above and that are laid out in detail in the publications
enclosed. The articles and papers have been published in the most prestigious and high ranking
academic venues in the field of Human-Computer Interaction and Assistive Technology, and
have won several awards in the process.

In discussions, when presenting this work at international conferences or to the general public, I
frequently get asked about one important limitation of this work: while we have demonstrated
how autistic children can shape design processes and outcomes, our research is highly situated
within a specific context and tied to specific participants. How can these findings be generalised?

As I have argued above, as part of my epistemological positioning, I reject the idea that knowl-
edge from this research can or should be generalised in any positivistic sense of the word.
Recognising the importance of a nuanced and multi-perspective situatedness when engaging in
the design of technology for disabled people is precisely what avoids reductionist and normative
notions that do no justice to the complexity of disabled life experiences. Consequently, broad
generalisabiity is neither an appropriate nor a desirable goal - neither for outcomes nor for
processes. As such I am aligning myself with the views of Gaver (2012) who argues against the
formalisation of Design Research with the aim to make it comply better to traditional science
paradigms (proponents of this view are, for example Stolterman 2008; Hevner, Brocke, and
Maedche 2018).

However, this does not allow us to simply ignore the challenge of how findings can scale and
be transferred (compare Guba and Lincoln 1994, for the key differences to generalisability). If
this research is to have impact, it needs to be able to move beyond proving its arguments in
small scale studies. Indeed this is currently a hot debate in the field of Participatory Design
(e.g. as expressed by Bødker and Morten Kyng 2018). In Frauenberger, Foth, and Fitzpatrick
(2018), we have also contributed to this discussion by pointing to some possible pathways for
idiosyncratic research such as that reported in this thesis to scale and travel: first, following the
arguments of Gaver and Bowers (2012), the pre-requisite for processes and outcomes to travel
between contexts is transparency about their contextual dependencies. Annotated portfolios or
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our own Exposès are knowledge formats situate knowledge and aim to make explicit in which
ways it can be re-interpreted in other contexts. Second, concepts such as infrastructuring,
boundary objects and device ecologies (e.g. Star and Ruhleder 1994) allow us to think beyond the
immediate technological artefacts and orient us towards designing them as parts of larger socio-
technical systems - infrastructures - that enable many people to interpret and transparently
use them in different ways (we have explored this notion of play things as boundary objects in
Scheepmaker, Frauenberger, and Spiel 2018). Thirdly, there are opportunities to scale outcomes
by conceptualising (participatory) design as ongoing negotiation of agendas (compare the notion
of Agonistic Design in Frauenberger, Spiel, Scheepmaker, and Posch 2019; Björgvinsson, Ehn,
and Hillgren 2012) and by blurring the boundaries between design and use time (this notion
extends on early concepts around meta-design, design-in-use or design-after-design, for example
by Fischer and Giaccardi 2004). In other words, if designs allow people to negotiate their
own goals with the intent of designers and agendas of other stakeholders (teachers, parents,
researchers etc) while using it, the core quality of participation can be extended and does not
need to end when a product is finished. However, we do not yet understand how to productively
design for this continued participation. Finally, design can also scale by productively speculating
about possible futures and thereby shaping the public discourse. The most prominent example
is the work by Dunne and Raby (2013) in which they carefully craft designs to ask fundamental
questions about desirable futures. Critical or Speculative Design, in their words “challenge[s]
narrow assumptions, preconceptions, and givens about the role products play in our everyday
life”. As such, design outcomes from our work also serve as materialised counter narratives to
the predominant ways of envisioning roles of technology for disabled people.

All of these pathways constitute parts of my future research agenda in which I am most inter-
ested to better understand the intimate entanglement between humans and technology and how
these relationships configure conditions in which exclusion and inclusion are produced. This
ranges across contexts such as education or the Smart City that require answers at scale. De-
signing technology from this perspective points precisely to research questions about creating
participatory and agonistic spaces in which alternative futures are negotiated and can manifest
themselves.
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ABSTRACT
Assistive technology (AT) as a field explores the design, use
and evaluation of computing technology that aims to bene-
fit people with disabilities. The majority of the work conse-
quently takes the functional needs of people with disabilities
as starting point and matches those with technological op-
portunity spaces. With this paper, we argue that the under-
lying philosophical position implied in this approach can be
seen as reductionist as the disabled experience is arguably
richer and often more complex as can be projected from the
functional limitations of people. Thinkers and activists in
Disability Studies have conceptualised disability in various
ways and more recently, critical realism was proposed as
a philosophical position through which the many different
facets of the disabled experience could be incorporated. In
this paper, we explore the possibility of using a critical real-
ist perspective to guide designers in developing technology
for people with disabilities and thereby aim to contribute to
the philosophical underpinnings of AT. After a brief review
of historical conceptualisations of disability, we introduce
the critical realist argument and discuss its appeal for un-
derstanding disability and the possible roles technology can
have in this context. Subsequently, we aim to translate this
philosophical and moral debate into a research agenda for
AT and exemplify how it can be operationalised by present-
ing the OutsideTheBox project as a case study.

Keywords
disability studies; philosophy of science; critical realism

Categories and Subject Descriptors
K.4.2 [Computers and Society]: Social issuesâĂŤAssis-
tive technologies for persons with disabilities

1. INTRODUCTION
Our collective and individual conceptualisation of disabil-

ity significantly shapes which kinds of assistive technologies
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are being designed. When Mankoff et al first used Disability
Studies as a lens to critically reflect on work in assistive tech-
nology (AT), they demonstrated through their case studies
how taking a particular stance towards disability changed
the way they created and evaluated technology [12]. They
state that through their exposure to the disability studies
literature, they were able to develop a more nuanced under-
standing of the concept of “assistance”and came to critically
reflect on the value of AT projects that “may have technical
merit, and may solve observable problems, but still fail to
address the complex interplay of issues at work”.

With this paper we want build on this argument and use
the most recent thinking in Disability Studies to contribute
to the philosophical foundation of AT and evolve its future
research agenda. In particular, it is the turn to critical re-
alism that we draw on. It was introduced to the discourse
in Disability Studies with the promise to help dissolve the
dichotomy between the medical model and social model of
disability, i.e., the polarising debate whether disability is
determined in the biological condition or exists purely as a
social construct in the environment. What is at its core a
philosophy of science, critical realism offers Disability Stud-
ies a coherent basis on which the many, often equally valid
perspectives on disability could be reconciled, thus leading
to a multi-facetted view of the disabled experience [21].

We argue that this approach has great appeal for the field
of AT too. As we will further elaborate on below, the philo-
sophical position towards disability designers take, implic-
itly or explicitly, changes the way they motivate, design and
evaluate technology. Consequently, we have seen assistive
technologies that focus on individual support or change the
environment to make it more inclusive by removing barri-
ers. A multi-layered and interactional conceptualisation of
disability, such as the critical realist perspective offers, how-
ever would allow us to think about technologies in a different
way: can technologies work across the multiple layers that
all together shape the disabled experience? Can it consider
the physical, the biological, the psychological, the psychoso-
cial and emotional, the socio-economic, the cultural and the
normative at the same time in meaningful ways? Can it be
non-reductionist?

We argue that AT has two good reasons for wanting to ask
these questions. Firstly, as Mankoff et al also highlighted,
too narrowly conceived efforts to “do good” are potentially
misleading in terms of the overall complexity of the disabled
experience. Furthermore, as they point out “it is important
to acknowledge that there may not even be a ‘right’ problem
to tackle ” [12]. Secondly, the increasing pervasiveness of



technologies means that they play an ever greater part in
experiencing and interpreting our lifeworlds. Consequently,
it becomes ever more difficult to solve any problem in isola-
tion as its solution always interacts with many other aspects
of our life. The field of human-computer interaction (HCI)
has responded to this challenge by recognising the need for
a situated, value driven and participatory approach—what
came to be termed 3rd paradigm HCI [9].

In the following we provide a brief, semi-historical account
of the main approaches to conceptualise disability, including
references to how those were manifested in the technologies
that were created within these concepts. We then introduce
the critical realist argument and discuss what this means
for understanding the disabled experience. Based on this
discussion, we develop a non-reductionist, future research
agenda for AT and investigate its implications on method-
ology, evaluation, ethics and knowledge. We then briefly
introduce the OutsideTheBox project to exemplify how this
agenda can shape AT research. We close by recapping our
argument and discussing its implications for the field of AT.

2. CONCEPTS OF DISABILITY AND
ASSISTIVE TECHNOLOGIES

For the most part of the 20th century, the dominant con-
cept society had about disability was rooted in biological
determinism [5]. Disability was heavily medicalised and
consequently inherently “a-normative”, i.e., disability was
conceptualised as deviation from the norm in terms of bi-
ological functions and the resulting societal responsibility
is expressed in terms of “curing”, “caring” or, in the best
case, “supporting” disabled people to elevate their burden.
This perspective firmly places the “cause” of disability in
the individual and is thus providing the basis for segrega-
tion, e.g. like in traditional special needs education. We
still encounter this underlying perspective on disability in
much assistive technology work. Like Mankoff et al state
[12], the medical model, as this view has become known in
Disability Studies, has proven useful for developing assistive
technology as it pragmatically provides specific requirements
for design, based on the functional limitations of its users.
And while many of these efforts have to be applauded as
they address many real-world issues people with disabili-
ties encounter, we also should acknowledge that designing
technology in this mindset reinforces a societal concept of
disability that is one-sided as it places disability solely in
the individual.

The medical model has been opposed by a growing number
of disability rights activists during the 1970’s which culmi-
nated in the publication of the policy statement of the the
Union of Physically Impaired Against Segregation (UPIAS)
and the subsequent report on a meeting held with the Dis-
ability Alliance on the Fundamental Principles of Disabilities
[14]. In the spirit of union activism, they verbalised the per-
ceived oppression of people with disabilities and demanded
full participation in society. They postulated “Disability is
something imposed on top of our impairments, by the way
we are unnecessarily isolated and excluded from full partici-
pation in society. Disabled people are therefore an oppressed
group in society.” A crucial, conceptual distinction was
introduced between impairment as biological circumstance
and disability as social and environmental construction—the
core feature of the social model of disability. The causality

of disability has been shifted from the individual into the so-
ciety. The field of Disability Studies further developed the
theoretical underpinnings for this approach. Oliver coined
the term social creationist approach to signify a mate-
rialist emphasis on the construction of disability, i.e., it is
factors such as physical barriers in the environment or inad-
equate access to the labour market and precarious income
situations that disable people [15]. The materialist view
has led to seeing the main task of assistive technologies in
making aspects of our life accessible; barrier removal equals
inclusion. Accessibility standards for the Web are a good
example that embodies this philosophy.

In contrast to materialism, a social constructionist per-
spective focuses on the cultural and socio-historical context
that defines disability as a category of difference. Deeply
rooted in a post-modern tradition, this perspective looks
closely at language and social practices to identify what
makes people to be viewed as “disabled”. Distinctively, this
has wider implications as the social creationist approach in
that it is ultimately not the economic, physical or political
barriers that disable people, but ideology, social represen-
tation and the public discourse and its language that dis-
ables people. Consequently, no amount of barrier removal
would lead to truly inclusive societies, because the distinc-
tion between people with disabilities and those without is
inherent in the way we think and talk about them. In Dis-
ability Studies, this has led to research into terminology,
imagery of disability in public discourse or media, embod-
iment and phenomenological perspectives; and, in a post-
structuralist tradition, into the deconstruction of the cate-
gory of disability. This, essentially, concerns the question
“What is normal?” and the more rhetorical version “Aren’t
we just all different?”. At this point Disability Studies found
itself making very similar arguments to researchers concern-
ing themselves with the (de)construction of gender, race and
sexuality. Like post-modern feminism, the cultural disabil-
ity approach seeks to destabilise categories by foregrounding
the processes through which we implicitly construct them.
In the design of technology, a good example of this approach
being applied is the adoption of the neurodiversity stance in
HCI which seeks to reframe conditions as alternative, cogni-
tive processing styles [6]. Thus, design aims to shift its focus
to the strengths of users1 and rejects normative assumptions
(see also [1]).

None of the above concepts of disabilities is without its
problems when trying to describe disabled experiences. The
medical model is deeply oppressive and leads to segrega-
tive societies [21]. Technology designed with this mindset
is at least complicit in fostering this segregation. The so-
cial model of disability, i.e. a social creationist approach,
has proven useful in activism, but is ultimately equally one-
sided. There are many aspects of disabled experiences that
no amount of barrier removal can extinguish and equally,
no level of accessibility to technology will make disabled
people fully integrated in digital societies. A post-modern
approach, i.e., the cultural, social constructionist view, de-
nies people with disabilities their individual experiences in
similar ways, but for different reasons. When the disability
category is dissolved, there is no room left for the sometimes

1While on the surface of it there are parallels to ability-based
design [26], it stops well short of challenging the defining
categories and therefore could not be described as a social
constructionist approach.



difficult and painful experiences of an impairment. If we are
all just different, why do we find it amoral to painlessly alter
a baby so that they could no longer see? (Harris used similar
provocative statements in his critique of post-structuralist
Disability Studies [8]). Furthermore, while the knowledge of
the social construction is useful, they hardly yield actionable
consequences to support people with disabilities. Thus, all
of these models and approaches can be seen as reductionist
in one way or another.

3. THE CRITICAL REALIST
PERSPECTIVE

Critical realism is a philosophy of science that was pre-
dominately shaped by the British philosopher Roy Bhaskar.
He initially used the terms transcendental realism and crit-
ical naturalism to describe his ideas, but eventually those
were shortened into the now widely used term “critical real-
ism” [4]. Like any philosophy of science, critical realism is
concerned about what is (ontology) and how we can know
about it (epistemology). And like the variety of post-modern
philosophies, it has developed as a reaction to the empiri-
cist, more specifically the positivistic philosophy or practice
of science that has so significantly shaped, and in some way
still does shape, our understanding of what “doing science”
means. However, while they share some features, critical
realism and post-modern thought arrived at quite different
standpoints.

A common point of departure for both lines of thought
was to reject the (post-)positivistic idea that there is an ab-
solute truth about things that we can find out about in an
empirical way. Particularly in the social sciences, there was
growing recognition that we cannot know about people in
the same way that we can know about atoms. In what be-
came known as the “linguistic turn”, the post-modernist an-
swer is that understanding social reality is much more “akin
to understanding a language than a machine” ( [11], p8),
i.e., it is irreducibly complex, situated, socially constructed
and interpreted. Reading Kuhn’s work about scientific tra-
ditions and revolutions [10] in a post-modern way, quickly
expands this argument to the natural sciences: ultimately all
we accept as scientific knowledge can be seen as constructed
by social agents within their respective cultures. However,
continuing this line of argument further, directly leads into
radical relativism in which scientific progress is reduced to
an arbitrary variation of an entirely constructed reality.

Critical realism rejects this notion and starts ontologically
with a quite different position: there exists a reality that is
independent of our description. “Things exist and act inde-
pendently of our descriptions, but we can only know them
under particular descriptions” ([2], p250, as cited in [21]).
Thus, in contrast to many post-modern traditions, it re-
jects that reality is a social construct itself, but acknowl-
edges that we can only know about reality in ways that
are preliminary, culturally situated and most importantly
multi-facetted. Thereby, it also rejects positivism for reduc-
ing reality to what can be empirically known. Positivism
infers the actual from the empirical (actualism, see [4], p7)
and reduces things to observable causal events and gener-
ates knowledge by generalising invariances in these causal
relationships. Critical realism argues that this is not ex-
haustive and that things have potentiality and mechanisms
that might not have been realised ([4], p7). It focuses on

the underlying structure rather than the observable surface.
This also allows it to see “things” as a broader category:
they maybe powers, forces or relations 2. “Things possess
characteristics which have tendencies to interact in partic-
ular ways with other things” ([11], p11). These tendencies
are not invariant, but are better understood as properties
of mechanisms of which we can know of to a certain degree.
Reality, thus, exists of things that interact through mech-
anisms which have certain tendencies. These real things
are intransitive objects, and humans aim to understand the
nature of the real mechanisms that connect them. Their
understanding of these mechanisms is fallible, interpreta-
tive and socially constructed, and hence their models and
theories are transitive objects. Scientific progress, therefore,
becomes improving one’s transitive objects, and (re)building
these requires more than empiricism, but human reasoning
on multiple levels.

For the concept of disability, this means that it allows a
non-reductionist perspective, taking into account multiple
layers that make up the disabled experience (a concept that
is known as stratification in critical realism). Arguing from
a critical realist position, Shakespeare proposed an approach
that conceptualises “... disability as an interaction between
individual and structural factors” ([21], p74). Individual or
intrinsic factors include the nature of the impairment, their
own attitude towards it or their personality. Structural or
extrinsic factors are for example attitudes of others, the en-
vironment, support systems or social or economic issues. It
is the interplay between these factors that make up the dis-
abled experience, or in short “people are disabled by the soci-
ety ’and’ their bodies” (ibid. p75). This holistic approach is
similar to the perspective that the International Classifica-
tion of Functioning, Disability and Health (ICF) published
by the WHO takes [16], although critics have pointed out
that the ICF seems to take the biological for granted and
objective, while a critical realist approach would deny that
[24].

Such an interactional approach3 makes room for a broad
range of disabled experiences, for example regarding aspects
of personal attitudes, chronic illnesses, the diversity and
severity of impairments or social disadvantages. But it also
points very pragmatically to different ways in which the lives
of people with disabilities can be improved. Integration of
disabled people in the labour market, for example, can be ad-
dressed on a structural level (e.g., anti-discrimination legis-
lation, access to healthcare) and on an individual level (e.g.,
training, coaching, pain management). None of these inter-
ventions is per se preferred over the other, but their impact
has to be assessed through their interaction on multiple lev-
els.

4. A CRITICAL REALIST AGENDA FOR
ASSISTIVE TECHNOLOGIES

The above has reflected on the evolution of concepts that
are being applied to make sense and describe the disabled
experience within our society. We argue that these under-
lying philosophical positions fundamentally shape the tech-

2Exactly what things are and what their causal powers
would be, is a central debate within critical realism ([11],
p22 ff.)
3Interactional with respect to facets of the disabled experi-
ence, not in terms of interacting with technology.



nologies that are being designed for people with disabilities.
Thus, the following aims to develop a future research agenda
for the field of AT that is inspired by a critical realist per-
spective on disability.

4.1 Multi-facetted and interactional
In Disability Studies, it is the possibility to incorporate

different perspectives on the central questions into one on-
tological and epistemological frame that makes critical real-
ism appeal. The disabled experience is multi-facetted and
Shakespeare’s interactional approach allows for these very
different aspects to all contribute to a holistic understand-
ing.

To investigate what that means for AT, we must first
concern ourself with the question: “What is the purpose
of the technology we design?” The medical and the strong
social model had pragmatic answers to this: “mitigate the
functional limitation of the individual” and “remove the so-
cial barriers” respectively. But, as the disabled experience
is made up from a multiplicity of mechanisms, it becomes
clear that the possible roles of technologies can be equally
diverse. And as Shakespeare points out, it is not only differ-
ent mechanisms, but it is their interaction that determines
experiences. While currently we have a great variety of tech-
nologies that serve specific purposes in the lives of people
with disabilities, what we lack, is a holistic, integrative and
interactional approach. To illustrate the point with an ex-
ample: we might design navigation aids for the blind walking
streets, but do not consider how other people are necessar-
ily part of the experience, be it negative as the source of
stigmata or positive as possible part of the solution (ask-
ing directions is very often not merely a request for help,
but a natural entry point to a social encounter). Shinohara
and Wobbrock make a similar point by stating “technology
use does not happen in a social vacuum” and provide further
examples from their interview study across different disabil-
ities [23]. We also do not consider the internal, psychological
state of mind. A blind person might be experienced and self-
confident wit respect to how people react to his presence, or
anxious and insecure about their impairment. All will effect
the way they interpret the situation and the technology.

This also demonstrates the dangers of limiting the scope
of design in this context. Technologies always do interfere
with the system of mechanisms as a whole and interact on
an individual and societal level. So if we design for the
individual, the technology will also interact with the envi-
ronment and vice versa. Thus, we argue for an approach
that cuts across the different levels from which disabled ex-
perience is made up. We need technologies that recognise
the multiple mechanisms and the way they interact. Can we
design technologies that consider the physical, the biologi-
cal, the psychological, the psychosocial and emotional, the
socio-economic, the cultural and the normative in meaning-
ful ways ([21], p74)? Even if the motivation for creating
a technology might not be addressing all of these perspec-
tives, it is important to be mindful of the interaction between
them, to not fall into the trap of meaning good, but realising
unintended consequences.

4.2 Methodology
The next question is “How can we design such technol-

ogy?” Again, the reductionist models of disabilities had
relatively straight forward answers as their standpoints al-

lowed the elicitation of specific requirements for developing
technology. A critical realist approach is inherently more
complex. Into the many mechanisms that interact to make
up the disabled experience, we seek to inject yet another
one: technology. While we cannot predict by nature, with
any certainty what will happen in an open system, our un-
derstanding of tendencies and mechanisms provides us with
suitable targets. We cannot, however, make the mechanisms
we introduce interact with a single, well-understood mecha-
nism, but it will always effect the whole system to different
degrees, i.e., technology will shift the disabled experience,
on some levels in possibly unintended ways. It becomes a
truly “wicked problem” [18].

Consequently, choosing an appropriate methodology has
two aspects: firstly, in order to identify and understand the
mechanisms that technology will interact with, a diverse mix
of methods is needed to probe into the disabled experience
at different levels. This can, for example involve quantita-
tive, lab-based studies to establish medical boundaries (e.g.,
the mechanisms that limit the range and accuracy of phys-
ical movement for controlling an input device) and design
interventions with the aim to provoke social responses when
technology is introduced into a context (e.g., when groups of
children with cognitive disabilities are given smart objects
to create video diaries).

Secondly, the understanding gained needs to meaningfully
inform design and we argue that two qualities are quint-
essential in this respect: participation and reflection. Crit-
ical realism cautions us about the provisionality of the un-
derstanding we can have of mechanisms in open systems.
Constant reflection and short development cycles is thus key
to repeatedly verify and refine that understanding. There
are moral arguments to be made about participation, which
we will briefly discuss below, but we argue that just from a
methodological standpoint PD has much to offer as a critical
realist approach. The inclusion of different stakeholders al-
lows designers to work with experts on different levels, each
interpreting our understanding of the mechanisms in differ-
ent ways. People with disabilities have unique insights into
the complexity of the disabled experience that are invalu-
able, as have carers, parents, policymakers and others. PD
also effectively dissolves design-evaluation cycles and puts
concepts and ideas to the test while they emerge. As such,
PD becomes not only a way to catalyse knowledge to inform
design, but it becomes a form of enquiry in its own right.
By co-designing, we deepen our understanding of disabled
experiences and their mechanisms.

4.3 Evaluation
The way we evaluate technology as it is used by peo-

ple has also undergone a radical change. In the traditional
paradigms, HCI conducted controlled evaluation studies that
were extrapolated into the wild, or it fitted lab-based eval-
uation criteria onto real-world studies. The inadequacy of
this approach for today’s technologies goes hand in hand
with the diversification of purposes technology serves, not
only in the lives of people with disability. It is consequently
not necessarily clear anymore what it is that should be eval-
uated which, in the context of this paper leads to the more
fundamental question of: “What does it mean for technology
to work well for people with disabilities?”

A critical realist perspective highlights the need for as-
sessing the impact of a technology on the whole interacting



system of mechanisms. So, it might be insufficient to prove
that some assistive technology is delivering on what was the
initial motivation (e.g., way finding, accessing information
etc.) unless it becomes clear how it interacts with all other
levels of the disabled experience. This, however, creates
the challenge of defining a meaningful scope for evaluations.
For example, we might discover that a rehabilitation device
changes the social peer pressure on an older adult to do their
exercises, which in evaluating the technology is more signifi-
cant than any design aspect of the actual system. Evaluating
assistive technologies thus, relies on including those mecha-
nisms of the disabled experience that significantly shape it
and this can be far from obvious a priori.

Another challenge is to interpret and value the change we
observe, in other words, it is not always obvious what is
desirable or an improvement. This also might depend on
the perspective: what is positive change for policymakers
might not be so positive for individuals. This is a similar
issue that participatory design has grappled with in trying
to define what “successful” PD work might be (compare [19,
7]).

4.4 Ethics and Morality
A conscious ethical and moral position has to be an in-

tegrative part of designing technology, even more so in the
context of people with disabilities. From a critical realist
perspective, it becomes clear that such a position is never
achievable in advance. The complexity and multiplicity of
perspectives that the critical realist conception of disabil-
ity implies, requires us to constantly reflect on our position
while we improve our understanding of the mechanisms that
interact to make up disabled experiences in the given con-
text of a project. Such in-action reflection has been theo-
rised about in design to capture knowledge [20], but equally
we need in-action ethics embedding the development and
refinement of ethical positions deeply into our practice.

4.5 Knowledge
As a scientific field, the aim of AT is to improve our un-

derstanding about how technologies are designed, used and
evaluated in the context of people with disabilities. This
improved understanding is translated into a shared body
of knowledge by the virtue of being re-used, re-interpreted
and built upon. As control in studies of technologies “in
the wild” increasingly disappears, the generation and trans-
fer of knowledge becomes equally more challenging. Studies
that are highly relevant, i.e. true to the given context, are
often criticised for their rigour as they cannot generalise.
Vice-versa, strictly controlled, lab-based studies are highly
rigorous, but criticised for being irrelevant in real-world use
– seemingly a rigorous-or-relevant dichotomy. Recognising
this, HCI has embarked on a transformation, which is still
ongoing, to redefine the way it describes and creates tech-
nologies that humans can interact with, and the way we can
know about it [9].

A critical realism perspective offers to potentially resolve
the rigorous-or-relevant dichotomy. To be relevant, knowl-
edge produced has to relate to everyday life and thus ac-
knowledge the openness and uncontrollability of the system
as well as the fallibility of the process of enquiry. Equally,
though, scientific outcomes have to be able to be rigorous,
or in other words, we need to be able to objectively say
that we have improved our understanding of reality by do-

ing science. The concept of stratification in critical realism
(layers of mechanisms, where lower explain higher ones) al-
lows to enquire into the same reality by very different means.
For example, it becomes possible to meaningfully integrate
knowledge that was gai ned by understanding how the visu-
ally impaired interpret spatial auditory cues, how technol-
ogy can support them to navigate unknown environments
and how this new practice fits into their social patterns.
Improving our understanding, i.e. generating knowledge, in
this context can therefore be done either horizontally or ver-
tically. So, either a) gaining better understanding on each
level, e.g. about spatial hearing, or b) gaining better under-
standing how one level interacts with the another, e.g., how
navigation relates to social behaviours. While the horizontal
way (a) might be closer to traditional science practice, we
argue that AT specifically would benefit from the vertical
(b) kind of integration of knowledge.

4.6 Similarities and differences to other ap-
proaches

Recent work in AT has recognised the dangers of one-
sided perspectives on the disabled experience. Shinohara
and Wobbrock, for example, have studied how the use of AT
is affected by social contexts and vice versa. They conclude
that AT commonly provokes two misperceptions, firstly that
AT is eliminating a person’s disability and secondly, that
this consequently makes them functionally equivalent to a
person with no disability [23]. This has led Shinohara to
propose a new approach for the design of AT, one that inte-
grates designing for social acceptance [22]. While this very
rightly makes the point that a strictly medical view ignores
key social factors that contribute to the disabled experience
in relation to technology, Design for Social Acceptance is still
limited in scope, ignoring many other facets of the disabled
experience, for example personal state-of-mind questions. It
also carries a normative notion that rests uneasily with the
proposed agenda here, in that design needs to be “accepted”
by society and should be incorporated into mainstream tech-
nology to be less vulnerable to cause stigmata.

Pullin points to another important aspect, the role of æs-
thetics in AT, which also relates to the interaction between
the medical and the social [17]. Amongst other examples, he
describes the change in how we stopped regarding eyeglasses
as medical aid, but a fashion accessory. It is certainly the
case that AT can become a statement of choice when de-
signed with care and intent, but the danger is that it might
lead to the misunderstanding that disability can be turned
into something entirely positive by choice, if only the aids
are pretty enough. No matter how extravagant the glasses,
one is still not able to see well without them.

Ability-based design has aimed to make a stance that fo-
cuses on what people with disabilities are good at and shift
the effort of adapting for access from the user to the sys-
tem [26]. The underlying ethos of the approach is laudable,
but it seems to only side-step the problematic implications of
the traditional philosophical stances. Focusing on functional
abilities as starting points to model users for adaptable sys-
tems is equally reductionist and shifting responsibility for
access from the user to the system has similar limitations as
classical social creationist approaches.

Methodologically, User-Sensitive Inclusive Design [13]
might be seen as the closest approach embodying a criti-
cal realist agenda. Its emphasis on participatory methods



to make designers “consider the whole person, not simply
their physical characteristics” is in the same vein of argu-
ments made here. Being pragmatically focused on methods,
however, makes Newell et al sparing out the theoretical and
philosophical underpinnings of their approach.

5. OUTSIDE THE BOX
“OutsideTheBox - Rethinking Assistive Technologies with

Children with Autism”4 is a three year research project that
explores new, meaningful roles of ubiquitous computing (Ubi-
Comp) technologies in the lives of children with autism. In a
deep, participatory design process, we engage children 6 to 8
years old and invite them to co-design their very own smart
object. The design brief is deliberately under-specified: the
resulting artefacts should realise the potential of UbiComp
technologies to a) afford positive experiences, and b) sup-
port children with autism in sharing those experiences in
their social environment. By realising a series of case stud-
ies we demonstrate that such open participatory processes
are possible and lead to designs that would have been un-
imaginable for adult, neuro-typical researchers. Grounded
in these case studies, we populate a conceptual space with
evaluated design methods that aims to provide transferable
design knowledge for others to build on.

At the time of writing this project is one year old. We have
engaged 4 children over a period of 7 months, meeting them
approximately every second week for a one hour workshop
and succeeded in co-designing a smart object with each of
them. Each process involved a phase of contextual enquiry
followed by concept design, crafting and prototyping. A
common strategy was to take the special interests of the
children as a starting point5 and lead the child out into a
creative exploration phase. More detailed results about the
processes, outcomes and evaluations will be published in due
time. In what follows, we want to discuss in which ways this
project aims to embody aspects of the research agenda that
we have laid out above.

5.1 Multi-faceted
The design brief, while deliberately open ended, speaks to

two different levels of the disabled experience: firstly, the fo-
cus on positive experience, fun and meaningful engagement
takes a radical first-person and outlooking perspective. It
aims to construct a human-centred understanding of experi-
ence of which the disability and the technology are necessar-
ily part of, but not as the defining features. They are part of
a holistic notion of experience and play their roles as mech-
anisms which interact. Secondly, the goal to scaffold the
sharing of these positive experiences probes into a specific
feature of the condition of which we know that it is often a
great challenge for children with autism. The question how
we can support such sharing has a different quality as it is di-
rected towards the child, i.e. it is ultimately an intervention
that addresses a specific aspect of an impairment.

A critical realist perspective allows us to see these two
angles as complementary, rather than contradictory. The
vertical integration of these two goals naturally raises dif-
ferent kinds of design challenges, for example, how do we
get from the typically narrow interests to sharable experi-

4http://outsidethebox.at
5Special interests are a hallmark feature of autism, often
very narrow and pursued with compulsory passion (cf. [25]).

ences? What are positive experiences and is sharing them
still positive from a child perspective? As such, the design
brief makes it necessary to closely investigate the interac-
tions between intrinsic and extrinsic aspects of the disabled
experience.

5.2 Methodology
The methodology in Outside The Box is radically partic-

ipatory. As argued above, this enables us to do two things:
firstly, we gain understanding about the lived, disabled ex-
perience. When meeting a child every second week over the
course of a school year, the quality of insights into their life-
world is very different to what could be elicited traditionally
when focused on requirements. Through our interactions
with the child, the parents and the teachers, an empathic un-
derstanding from different perspectives is emerging. Which
leads to the second point: this understanding needs to trans-
late into the design of technology. A critical realist perspec-
tive alerts us that this understanding is provisional, biased
and maybe misjudging the mechanisms at work. The par-
ticipatory approach in Outside The Box aims to respond to
this by involving children in the development so that this
understanding is constantly refined and adjusted in a reflec-
tive process. The boundaries between design and evaluation
are blurred as the child and the researchers develop and test
their ideas at the same time.

The resulting smart objects (see figure 1) are testimony to
how different the directions were in which each of the design
processes evolved. Their design was inspired not only by the
direct input from children, but by the empathic and mindful
interpretation of their lifeworlds by designers, the views of
parents and teachers, and by the project’s underlying values
and intentions.

5.3 Evaluation
Assessing the impact of the smart objects developed on

the lived experience of children is at the heart of the evalu-
ation work being conducted in Outside The Box. We there-
fore take a holistic approach looking, in critical realist terms,
at all the different mechanisms that interact to shape that
experience. This has led us to the question of how we
can conceptualise and assess experience and on which data
sources we could draw on.

We are in the process of developing such a framework
for experience that brings together intrinsic and extrinsic
perspectives and their interaction. We therefore draw on
self-reporting methods like diaries, targeted questionnaires
for the family or school context, interview data from chil-
dren, parents and teachers, and usage data from the smart
objects. It is unclear yet, however, whether the data sources
will suffice to capture all relevant interactions between mech-
anisms of the (disabled) experience in this context. Further
work will show whether novel forms of data gathering are
needed or which impact the time-frame for evaluation has
on what can be captured. It will be furthermore interest-
ing to see how the picture we draw about the experience,
is interpreted by different stakeholders. For example, will
parents or teachers judge the experience in similar ways as
the child?

5.4 Ethics
Moral and ethical considerations in Outside The Box go

beyond the concern for the physical and mental wellbeing



Figure 1: Initial sketches and their corresponding final prototypes of ThinkM (left, a memory machine for
capturing and reflecting on difficult social situations) and XSmart (right, a story telling machine projecting
cues into the hand of the child). Two examples of smart objects co-designed with children in OutsideTheBox
(sketches c©Julia Makhaeva)

of our participants and thus, beyond the traditional antic-
ipatory ethics processes formally required. By arguing for
an open design process that focuses on a participant cen-
tred conception of wellbeing, the project makes a strong
value statement that transparently shapes its moral stand-
point. A number of technologies have been developed for
children with autism, but, with very few exceptions, they
match functional limitations with technological opportunity
spaces, i.e., specific intervention goals drive the technologi-
cal development. While, as argued throughout this paper,
such perspectives have their purposes, they are also reduc-
tionist as they reduce the needs of children with autism
to what they struggle with. In contrast, Outside The Box
makes a point about putting wellbeing in the centre of de-
sign and starts with the often narrow interests of children
with autism. Functional limitations and their effects are un-
doubtedly a part of this notion of wellbeing, but not their
defining features.

This moral standpoint serves the project as guiding prin-
ciple in planning and conducting workshops or studies in
an ethically and morally responsible way. The open-ended
and unpredictable nature of the work makes it necessary to
constantly reflect on our decisions and whether they still
embody the principle ethos of the project. We call this “in-
action ethics”.

5.5 Knowledge
The project generates knowledge on different levels: firstly,

methodological in that new methods and techniques are de-
veloped to enable children with autism to lead on design
processes. Secondly, technological know-how is generated in
the way concepts and ideas are implemented as ubiquitous
computing artefacts. Thirdly, knowledge in a socio-technical
context is generated in terms of assessing experience in the
context of the smart objects that were developed and how
they support the sharing of such experience.

In Outside The Box we capture this knowledge mainly
through annotated portfolios [3] which allows the construc-
tion of a synopsis across the different levels and thus is a
first step towards vertically integrating knowledge.

6. CONCLUSION
With this paper we have argued that critical realism can

contribute to the philosophical underpinnings of the field
of AT. We have briefly discussed the various conceptuali-
sations of disability and then introduced the critical realist
perspective in Disability Studies. Inspired by the appealing
features of both, the resulting multi-facetted, interactional
model of disability, and the original philosophy of science,
we have made the case for a critical realist perspective on
designing technology for people with disabilities. The result
is a proposal for an agenda for future research into AT that
is non-reductionist and equally multi-facetted with respect



to its motivations, methodologies, evaluation criteria, epis-
temology and ethics. The last section introduced Outside-
TheBox as a case study to exemplify how this new agenda
could be approached.

Future work will need to further investigate the impli-
cations of different philosophical positions on the practical
work in AT. We believe that, in particular the vertical inte-
gration of knowledge generated on different strata is an area
that will require more attention. Relatedly, Roy Bhaskar
has written extensively about the centrality of experiments
in scientific enquiry, albeit, his conception of experiments
being rather different from empiricism. However, the con-
tribution of this paper lies in progressing this debate and
fostering a culture of critical reflection in AT.
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a b s t r a c t

The field of Participatory Design (PD) has greatly diversified and we see a broad spectrum of approaches
and methodologies emerging. However, to foster its role in designing future interactive technologies,
a discussion about accountability and rigour across this spectrum is needed. Rejecting the traditional,
positivistic framework, we take inspiration from related fields such as Design Research and Action
Research to develop interpretations of these concepts that are rooted in PD's own belief system. We
argue that unlike in other fields, accountability and rigour are nuanced concepts that are delivered
through debate, critique and reflection. A key prerequisite for having such debates is the availability of a
language that allows designers, researchers and practitioners to construct solid arguments about the
appropriateness of their stances, choices and judgements.

To this end, we propose a “tool-to-think-with” that provides such a language by guiding designers,
researchers and practitioners through a process of systematic reflection and critical analysis. The tool
proposes four lenses to critically reflect on the nature of a PD effort: epistemology, values, stakeholders
and outcomes. In a subsequent step, the coherence between the revealed features is analysed and shows
whether they pull the project in the same direction or work against each other. Regardless of the flavour
of PD, we argue that this coherence of features indicates the level of internal rigour of PD work and that
the process of reflection and analysis provides the language to argue for it. We envision our tool to be
useful at all stages of PD work: in the planning phase, as part of a reflective practice during the work, and
as a means to construct knowledge and advance the field after the fact. We ground our theoretical
discussions in a specific PD experience, the ECHOES project, to motivate the tool and to illustrate its
workings.

& 2014 Published by Elsevier Ltd.

1. Introduction

As approaches to designing interactive technology evolve, we
continue to see a paradigm shift from the historical engineering
mindset, with its focus on requirements, tasks and efficiency, to
a holistic, social, situated and human-centred view (Harrison et al.,
2011). And with it, a broad consensus in human–computer inter-
action (HCI) is emerging that recognises that more relevant and
meaningful technology can be created by giving people who are
affected by it some role in its design. As a result, User-Centred
Design and Participatory Design (UCD and PD) approaches have
seen significant uptake in recent years. Participatory Design has
been re-interpreted and adapted for different design contexts and
purposes and we nowadays see a wide spectrum of philosophies

driving PD processes, possibly best described as ranging from
pragmatic to idealistic (Kensing, 2003). While the historical traits
of PD, rooted in the political struggle of labour movements in
Scandinavia (Bødker et al., 1987), are more visible on the idealistic
end of the spectrum, pragmatic interpretations have focused
increasingly on effective design and participation as a means for
matching user needs with the affordances of new technologies.

Whatever the flavour of PD, the participation of people in the
design process means that researchers, designers and practitioners
impart some control over outcomes and processes to their parti-
cipants. This, in combination with the systematically inherent
complexities of contextual dependencies in PD, leads to what is
often described as “messy” processes. This makes it difficult to
reconcile the practice of PD with traditional science paradigms or
epistemological frameworks, which has hampered the field in
multiple ways. Firstly, it has made it problematic to communicate
the merits of PD to other scientific fields, clients or the public at
large. Questions like “Has participation made a difference and by
how much?” rest uneasily with the nature of the PD approach, as
do queries for the “hard evidence” for design decisions. Secondly,
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it has impeded progress within the field of Participatory Design in
that the knowledge that is generated is not sufficiently generali-
sable or accessible to the extent that it can be re-used or built on.
Consequently, many wheels are re-invented and much insight lost.

To tackle these issues one might be tempted to “scientise” PD
(compare discussion with respect to design in Gaver, 2012).
However, PD takes a fundamentally different metaphysical stance,
which distinctively sets it apart from the engineering tradition of
building interactive technology. Any attempt to retrofit PD with
a (post-)positivistic perspective would necessarily make it look
scientifically weak, supported by fuzzy data and arbitrary in terms
of its conclusions. Instead of seeing the practitioner as an objective
observer who inquires about an absolute reality and the best
possible solution, PD sees knowledge generation as a dialogic
process that is mediated by values and strongly situated. The
philosophy that underpins the ideas and concepts of PD are deeply
rooted in the postmodern tradition, including phenomenology and
Marxism (Ehn, 1989), and demand a different epistemological posi-
tion as well as methodological approach. So, instead of imposing a
positivistic philosophy, we propose that PD needs to build on its own
philosophical groundings to argue for its qualities and contributions.
The key to constructing these arguments lies with finding a language
that reflects the belief system within which PD operates and that
enables us to describe the qualities of the diverse work that came to
be called PD.

1.1. Accountability and rigour

We turn to two inter-related qualities as cornerstones around
which we propose to develop such a language: accountability and
rigour. By “accountability” we mean the ability to link the colla-
borative work in PD with decisions and outcomes1 in a transparent
way. The notion of “rigour” is commonly associated with a strict
positivistic view on science, emphasising universal truths vali-
dated by deductive reasoning or measured evidence. In the
context of PD we interpret rigour as internal validity, in other
words, that a well structured argument can be made for the way a
PD process has been conducted. It becomes clear that both terms
centre around the quality of PD work, the appropriateness of its
methodology and the solidity of its theoretical grounding. Like two
sides of a coin, the main difference lies in the intended direction:
while accountability emphasises the communication of this qual-
ity to others, rigour is mainly concerned with the internal
processes relating to decision making and implementation.

Within the positivistic realm, being held accountable and demon-
strating rigour are governed by statistics, logic, deduction and proof.
The post-modern scientific paradigm on which PD builds, however,
does not allow for a similar certainty and there is no quantitative
scale or even binary label for the quality of work; too complex are the
contextual interdependencies and too important is the role of the
researchers, designers or practitioners whose impact is an integrative
and desired aspect of the enquiry. Related fields have faced similar
challenges and have started to respond in a variety of ways. Fallman
and Stolterman (2010) for example, have discussed rigour and
relevance in Design Research along the same lines. They too argue
for a shift away from the positivistic tradition in assessing rigour in
this field and advocate a nuanced notion of rigour that originates
from a deep understanding of the particular purpose of design
activities. Wolf et al. (2006) introduce the notion of Design Rigour
and, delineating it carefully from the traditional notion of scientific
rigour, discuss the professional qualities of design praxis that can
appropriately describe good design culture. They also make the point

that by highlighting the qualities of such design culture, they dispel
the notion of design being perceived as the “black art” in HCI—a
challenge not unfamiliar to PD. Action Research (AR) is another
example from the social sciences which continues to make the
argument for alternative notions of rigour for their work (Green-
wood and Levin, 2007, p. 55). There are obvious parallels between PD
and AR (Foth and Axup, 2006), unsurprisingly given their shared
ideological heritage, but it seems that AR's epistemological under-
pinning is even more radically opposed to positivism as it fully
embraces relativism and constructionism (see Guba and Lincoln,
1994, for a useful overview of science paradigms).

From the above discussions, it becomes apparent that account-
ability and rigour in a post-modern scientific context is delivered
through debate, critique and reflection. For example, Wolf et al.
(2006) highlight the ‘design crit’ as one of the qualities of design
practice that contributes to its rigour. They define it as “... a
designer's reflective, evaluative and communicative explanation of
her design judgments and the activities in which she has engaged.”
However, for PD to take part in such a debate about rigour and
accountability, we must develop a language that allows us to
communicate such an explanation and to construct solid argu-
ments for the quality of the work. Since many of the features of PD
are tacitly embedded in its practice, critical reflection is the key to
becoming aware of its qualities and thus to developing a language
for arguing rigour and accountability. It is here that this article
aims to make its main contribution: we propose a conceptual
framework to support designers, researchers and practitioners
conducting Participatory Design work to engage in a process of
critical reflection and, as such, give them the language needed to
convey the rigour and accountability of their work.

1.2. A tool for whom to do what?

The conceptual framework we propose is a “tool-to-think-
with” that we argue should become an integral part of a reflective
practice in Participatory Design. It guides designers, researchers
and practitioners in incorporating phases of critical reflection with
the goal of giving them the means to reify the rigour inherent in
their practice. The awareness and the language this guidance
affords, also offers appropriate means to explain decisions and
judgements to the outside world and thus allows designers to
increase their accountability.

We argue that such a “tool-to-think-with” can benefit PD practice
at all stages. Firstly, when planning and setting up PD work, under-
lying assumptions and tacit forces can be brought to the fore,
allowing, designers, researchers and practitioners to make more
considered decisions on methodology and organising involvement.
Secondly, during the design work proper, the tool supports designers
in responding to new situations and in steering the process, guided
by an increased awareness of what are the drivers. It also aids in
explaining PD to involved stakeholders in this phase, be they
participants, clients or co-researchers. And thirdly, once the project
is finished, it allows designers to critically reflect on their work and
describe the knowledge, the contributions and the lessons learnt,
which is crucial in allowing PD to evolve as a field. This tool aims to
provide a language that enables us to have a debate about what
works when and why. As such, work can be scrutinised more
effectively and transparently, and avoids PD being judged against
positivistic standards it was not designed to meet.

Our “tool-to-think-with” consists of four lenses, epistemology,
values, stakeholders and outcomes. These lenses guide the inquirer
in taking different perspectives to critically reflect on their work
and thereby discover qualities that otherwise might remain tacit.
Furthermore, we examine the coherence between those lenses, i.e.,
the extent to which the fundamental qualities of a PD effort are
attuned to each other. We argue that this coherence is a prime

1 Note: outcomes in this context is not restricted to technological artefacts, but
refers more broadly to a desired alternative future.
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indicator of rigour in PD work and a powerful concept that reveals
how coherent a process was, how appropriate the methodology
was and how well informed decisions were. As we will further
discuss below, the concept of coherence does not mean to imply
agreement within the perspectives, i.e., we are not suggesting that,
for example, values need to be agreed upon for a work to increase
its rigour. Analysing the coherence makes no judgements about
where on the broad spectrum of PD the work is situated, indeed, it
aids practitioners in positioning themselves on this spectrum. It
encourages practitioners to characterise their tradeoffs and stand-
points, and argue for rigour within their chosen approach or
philosophy. This framework is not intended to be a cookbook with
a set number of metrics that result in a measurement of rigour, as
PD efforts are too contextualised and varied for this to be mean-
ingful. Instead, it provides an empowering basis from which
designers, researchers and practitioners can build strong argu-
ments for the value of their work.

1.3. Outline

The article is structured as follows: to ground these arguments,
we first reflect on the participatory design work conducted in
a multidisciplinary, distributed project called ECHOES, where PD
was “owned” by one strand of the project, and had to negotiate its
contributions alongside other concerns. The experiences described
here provide a concrete scenario which served as a starting point
for motivating the development of the framework. Rather than
reporting on the methods and outcomes of the PD work within
ECHOES, which have been published elsewhere (Frauenberger
et al., 2013, 2012a,b, 2011; Porayska-Pomsta et al., 2011), we focus
on the challenges and opportunities inherent in the process and,
as such, provide a chronological account of the PD work as it
unfolded. The beginnings,middles and ends sections tell the story of
a struggle to implement a PD process given the many contextual
constraints, ideological misunderstandings and practical necessi-
ties. The themes of this struggle allowed us to develop the
framework for reflection, which we introduce in a subsequent
section. We then discuss the concept of coherence, its relevance as
an indicator for rigour and accountability, and the practical
implications of our concepts. We close by summarising our
contribution and laying out our plans for future work with this
framework.

2. The ECHOES project

We use the ECHOES project as a case here, because it illustrates
challenges and tensions in trying to contribute a PD stance in a

project that had many other constraints and requirements, and
involved partners from various different scientific cultures. Two of
the authors (Good, Frauenberger) were directly involved in ECHOES,
their main responsibilities being to plan and conduct PD activities to
support the overall development of the system. Although we
describe a particular experience from a particular perspective here,
we believe that many of these challenges and tensions are typical for
PD work, if not in the exact same configuration. We also realise that
other PD projects may have experienced more internal agreement,
but ECHOES provides valuable insights as a case study, because the
PD strand was regularly challenged by the other project members
about its position on the PD spectrum, the validity of its outcomes
and rigour of its work.

The project set out to develop a technologically enhanced
learning (TEL) environment for typically developing children and
children with autism spectrum conditions (ASCs). The goal was to
scaffold the development of children's social skills through a series
of playful learning activities that take advantage of virtual char-
acters, multi-touch surfaces and advanced sensing technologies.
We thereby sought to exploit the natural affinity that children
have with computers, particularly those on the autistic spectrum
(Murray and Lesser, 1999), and provide a motivating environment
(Porayska-Pomsta et al., 2011). The project's target population was
typically developing children between 5 and 7 years of age and
children on the high-functioning end of ASC of an equivalent
developmental, if not chronological, age. ASCs are characterised by
a triad of impairments related to social skills, communication and
rigidity of thought. Children with high-functioning ASCs tend to
exhibit relatively typical pragmatic language and cognitive abil-
ities, but do show impaired skills in social communication and
a tendency towards narrow interests. Fig. 1 shows the finished
system in action.

ECHOES was funded under the Technology Enhanced Learning
(TEL) programme,2 a joint initiative of the EPSRC (Engineering and
Physical Sciences Research Council) and the ESRC (Economic and
Social Research Council), two national funding bodies in the UK.
This meant that the educational aspect in the research was seen as
central. The composition of the project and its prior planning
demonstrate that PD was not an intrinsic position, but one of a
number of aspects to aid the creation of the system. As such
ECHOES was not a fully committed “PD project” per se, but had a
PD component in which researchers had to involve other members
of the team as well as children, parents and teachers as stake-
holders with particular interests. Consequently, while the issues
might have taken a particular form, we believe that the underlying
challenges are indicative for many PD situations.

The following describes the PD work in ECHOES from a
historical perspective: “The beginnings” looks at the initiation of
participation, the planning and our expectations. “The middles”
section is concerned with how the work was implemented, how
the researchers responded to new challenges and fluidly adapted
the process. Finally, “The endings” section discusses how the work
was wrapped up and what remained when we left.

2.1. The beginnings

The initial workplan in ECHOES was organised into four strands:
(1) Learning Activities, (2) Participatory Design, (3) Technology and
(4) Evaluation. Each strand consisted of one strand leader and
between 2 and 4 associated researchers. The Learning Activities
(LA) strand was responsible for developing activities for children that
were grounded in SCERTS (Prizant et al., 2005), the psychological
intervention framework used in ECHOES. SCERTS allowed the

Fig. 1. A child playing with the finished ECHOES system. 2 ESRC/EPSRC, TRLP TEL programme grant number: RES-139-25-0395.
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researchers to define measurable learning objectives and develop
a planning engine that would intelligently drive these activities and
their sequencing. The planning was to employ Artificial Intelligence
(AI) techniques to reason about the system's behaviour based on the
child's input and on additional data collected from a vision system
that deduces the emotional state of the child in front of the screen
through facial recognition algorithms. The Participatory Design (PD)
strand, of which one author was the leader and another an associated
researcher, was intended to implement a learner centred, participa-
tory design process to involve children, carers and teachers through-
out the project to develop the system. Strand 3, Technology, focused
on the technical implementation of the system and the integration of
the multiple parts (planning engine, rendering, multi-touch input,
vision, etc.). The first author of this article was also associated with
this strand and collaborated with others on developing and imple-
menting the system. Finally, the main task of the Evaluation strand
was to conduct a comparative intervention study that aimed to
investigate the effects of the ECHOES system on children's social skill
development.

In the research proposal, the goals of the PD strand were
defined somewhat ambiguously and left room interpretation for
where on the PD spectrum the work would be. While it stated that
PD would seek to involve children, teachers and carers as design
partners to “support the co-evolution of ECHOES' II learning activities
and tools ... from the outset” it defined the scope of the related
workpackage as focusing on the system's interface. This ambiguity
and its implicit divergence in expectations may have marked the
start of the PD strand's struggle to find its role within ECHOEs and
to develop a well defined working relationship with the other
strands. Uniquely, the project planned to use two groups of
children in parallel: typically developing children and children
with ASC of corresponding developmental age. Methodologically,
the PD strand aimed to build on the CARSS (Context, Activities,
Roles, Stakeholders, Skills) framework (Good and Robertson, 2006)
and develop participatory activities with learning in mind. The
involvement of domain experts, teachers and carers was to be
achieved primarily through focus groups and specific workshops.

In operationalising the goals from the research proposal, the PD
strand faced a number of initial challenges. The team set out to
frame the design problem from various angles and to develop
a process that would lead to appropriate participatory activities
that could inform the design. Importantly, the researchers needed
to consider project needs on the one hand, and the kinds of
experiences children should have in the process on the other,
before going on to determine whether these were in conflict.
A major practical issue at this point was that all strands began
work at the same time. While learning activities and technologies
were already being developed, and input was expected from PD,
the PD strand had to carefully set up collaborations with schools
and recruit participants. Participatory work with children with
disabilities requires a long lead time, and the careful development
of relationships based on trust. Key challenges were finding
partner schools that were willing to collaborate, implementing
a systematic ethics procedure and fulfilling the formal ethics
requirements at each partner university as well as UK National
Health Service (NHS) ethics, winning over parents and teachers,
producing the necessary informational materials to support these
efforts and, most importantly, building up a strong relationship
with the children. It took several months before the team was able
to conduct the first workshop in a school, however decisions
around technology use and learning activities were already being
made or assumed elsewhere in the project.

In these beginnings, expectations were formed in all strands
with respect to potential outcomes and the ways in which they
should be achieved. While not yet fully evident, these expectations
were quite diverse, rooted in the different backgrounds of the

individuals, and the scientific cultures in which they were
embedded. In terms of process, the PD strand strongly embraced
the ideological notion of empowering children, trying to carve out
as much scope for impact as possible. With respect to a product,
the team envisaged the co-creation of an open ended, exploratory
and playful environment, in which learning would occur naturally
and implicitly. Conversely, the LA strand had strong views on the
learning elements, intrinsically motivated by psychology, and
expected PD to focus on developing specific activities that children
would like. The Technology strand had clear expectations in terms
of the potential of the technology available to them. In this phase,
the vision system in particular seemed to provide an attractive
technological challenge that would play a key role in informing the
planning of activities. Finally, the Evaluation strand expected a
system that would allow impact to be measured. Negotiating these
divergent expectations was complicated by the physical distribu-
tion of the team and while there were regular project meetings,
open as well as tacit differences persisted throughout the project.

2.2. The middles

Once the practical pre-conditions for the participatory work
had been established, the first PD activities were developed and
implemented. Meanwhile, the project team continued to struggle
to come to an agreement over the best working model, particularly
with respect to the relationship between PD and the other strands.
PD was widely seen as an information provider, the part of the
project in which the look-and-feel of the system would be
determined by studies that elicited the children's preferences. As
a result, a question-and-answer working model was favoured
where particular questions like “Which objects will children
engage with on a screen?” would be put to the PD strand which
would elicit specific answers from participatory studies with
children. The PD strand resisted this notion and argued against
PD being seen purely as a requirements elicitation effort, instead
advocating a more holistic approach that allowed for true co-
creation. Several features of PD were in particular conflict with the
research cultures that dominated other strands: firstly, that it is
explorative and that it is neither desirable nor possible to know
the range of solutions that PD work would create. Secondly, that
results are not quantifiable in the usual scientific sense (e.g., a
preference rating of objects). Outcomes may require interpreta-
tion, are less specific and form only part of the design solution.
And thirdly, the knowledge constructed in the collaboration with
participants does not necessarily follow from the questions one
asks, but leverages an empathetic understanding of participants
and their actions.

The PD strand initially conducted a series of sensory explora-
tions with children to design a plausible and meaningful environ-
ment in which the learning activities might take place
(Frauenberger et al., 2011). These explorations yielded a wealth
of rich input from children as well as a greatly increased under-
standing of the physical, social and health related contexts of the
design. Much to the frustration of the other strands, however,
the PD strand could not provide straightforward answers to the
questions posed. The question-and-answer clearly showed its
limitations as the PD strand too was frustrated because of the lack
of understanding for the kind of insights PD provided. There was
a clear sense that PD would have needed to be much more deeply
interwoven and embedded within the work of other strands.
Translating the input into a design posed a major challenge for
the PD team, not least because design decisions needed to be
justifiable and supported by the “data”. In response, the PD strand
sought to develop a systematic and transparent process to bridge
this gap (Frauenberger et al., 2010) and in an internal workshop,
PD work from over a year was used to develop a design for the
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system that was true to children's input and allowed the required
learning activities to take place (Frauenberger et al., 2012b). The
key components in this process were a mindful interpretation of
children's contributions that considered the input as much as the
empathetic understanding of the designers, a phenomenological
analysis that looked beyond literal meanings to gain an under-
standing of desired experiences and the notion of input as design
triggers. The PD strand communicated the design results, includ-
ing the rationale, through video walkthroughs, storyboards and
case studies with child personas.

With the overall design language decided, the environment
needed to be populated and learning activities embedded within
it. In a second series of PD activities, the PD strand explored the
notion of a magic garden with children to take explicit advantage
of the digital domain as a highly flexible and imaginative world
(Frauenberger et al., 2011, 2012b). Again, through a process of
mindful interpretation of the children's ideas we arrived at a
number of design concepts within the garden environment that
were able to support the learning activities. These included, for
example, flowers which children could grow in pots and transform
into bubbles by flicking their heads. The prospect of being able to
pop a bubble was motivation for many children to follow a social
interaction with the virtual character in the scene about growing
the flower.

Reflecting on this phase of the project, the way in which PD
integrated with the project steadily improved as design decisions
were being made. However, in the process the PD team felt it was
lacking an appropriate language to communicate its work effec-
tively to other strands. Disagreements and misunderstandings
about the kind of work PD tried to do could not be resolved,
because the different research cultures made it difficult to find
common ground. Within the PD strand itself, a number of other
fundamental questions also began to emerge: how much of an
impact are the children really having on the design? Are they in
any way empowered by their participation? Is the PD team not
merely a proxy and if so, which implicit assumptions within the
PD team are being portrayed as children's input?

2.3. The ends

Nearing the end of the project, there was increasing pressure to
deliver on the central scientific outcome promised in the research
proposal: a controlled, large scale intervention study investigating
the impact of the system on the development of a set of social
skills in typically developing children and children with ASC. In
this phase, the project faced two main challenges: firstly, to
complete the design and implementation of a stable system that
could be taken into schools and be used to collect the necessary
data; and secondly, developing a study design that controlled for
the widely varying contexts and populations in which the system
was deployed and enable data to be collected that could be
analysed in meaningful ways.

The PD strand was minimally involved in this evaluation effort,
and since there was no scope for altering the design at this point,
focused instead on an alternative approach to evaluating the
system and developing starting points for future work. To this
end the PD team developed a PD Critique activity that aimed to
conduct a series of design critique sessions with children with
autism (Frauenberger et al., 2013, 2012a). While the initial goal of
the activity was quite specific, the outcomes exceeded the expecta-
tions and revealed far more substantial insights than the team had
originally envisaged. Crucially, the activity demonstrated the
potential role of simple, digital tools, to support complex interac-
tional needs of childrenwith autism and allow them to successfully
navigate difficult social situations such as a design critique. While
these outcomes had no immediate bearing on the ECHOES system,

they furthered our understanding of how to meaningfully and
sensitively engage children with ASC in the design process, and
highlighted a number of promising avenues for future research.

Starting to look back, the PD teamwas also in search of its legacy.
While there was a strong sense that participants had enjoyed the
collaboration over the course of the project, questions remained
over whether the collaboration could be considered successful, in
what ways, and for whom. The PD team reflected on the quality of
the participation, on whether there had been sufficient scope for
impact and the degree to which opportunities for handing over
control to participants had been taken. Also, the PD team had been
careful not to end collaborations abruptly, instead organising fare-
well sessions with participating children, presenting them with
tokens of appreciation for their involvement (certificates, badges,
etc.), creating films of the participatory work we conducted which
were screened at school assemblies and given to participants and
their families. However, the question remained as to the extent to
which children benefited beyond these little rewards, and in what
ways, or whether it was enough for us to benefit in terms of a
“better” design and for them to have a good time.

3. A conceptual framework for reflection

The experience in ECHOES motivated us to develop a “tool-to-
think-with” that would allow PD practitioners and researchers to
assess the level of rigour and accountability in their work and
effectively communicate it to others. The challenges and tensions
emerging from ECHOES provided us with starting points: to
analyse PD work, a notion of internal rigour has to consider the
interplay of stakeholders, researchers and participants on multiple
levels. ECHOES has demonstrated the impact of divergent motiva-
tions, scientific cultures and value systems. It has highlighted how
tacit differences in expectations and projected outcomes ham-
pered the development of a consistent methodology, and how
competing priorities and external requirements curbed the scope
of PD. Complex social interactions between stakeholders played a
key role in making some aspects succeed and others fail. Simple
practicalities such as different timeframes for work or access to
participants were also key factors. Furthermore, ECHOES showed
that benefits and gains are difficult to assess, because of the
multitude of perspectives one can take on this question.

We argue that the quality and coherence of solutions that PD
work finds in dealing with these challenges and tensions can be
seen as prime indicator for its internal rigour. To unearth these
mostly tacit aspects in PD work, a process of critical reflection is
needed. Here we build on the work of Schön (1983), Sengers et al.
(2005) or Bødker and Iversen (2002) who all argued for the
necessity of a reflective design practice when faced with “wicked”
problems (Rittel and Webber, 1973), problems which defy ordinary
problem-solving techniques, problems like those in PD.

Thus, our “tool-to-think-with” guides practitioners and
researchers in a process of structured, critical inquiry into the
tacit qualities of their PD work. It is composed of four lenses:
Epistemology, Values, Stakeholders, Outcomes which each pose a
number of starter questions to point the practitioner to different
directions of critical inquiry into their work. Fig. 2 provides an
overview before we discuss each lens and their starter questions in
more detail below. We are aware that there are other possible
ways in which reflection on PD work could be structured, but we
believe these four lenses to be an appropriate starting point.

3.1. Epistemology

When Participatory Design is conducted in a scientific research
context, as is the case for much of the work referred to in this
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article, the contribution to knowledge is an inherent and dominant
driving force. However, we argue that even when research is not
the explicit goal, the nature of PD implies gaining understanding
and a generative creativity that in itself leads to different ways of
knowing. Thus, knowledge construction is an integral part of
conducting PD, underpinning its processes and outcomes.

While the term “knowledge” and the language around it is
typically associated with the positivistic science paradigm, PD's
relationship with the positivistic perspective on knowledge gen-
eration has not been an easy one. In contrast to results in the
traditional sciences, PD outcomes do not typically lend themselves
to being quantified, compared, generalised or replicated. The
epistemology is inherently co-constructed, situated and embodied,
like in many other designing disciplines. Thus, when we use
“knowledge” here in relation to the kind of insights PD produces,
we also implicitly argue for acknowledging different ways of
knowing. The field of HCI has been at the forefront of this
argument and there has been a growing recognition of the need
for situated approaches to be able to describe and understand the
shifting application domains of technology. Harrison et al. (2011),
for example, argue for a paradigm shift towards the “3rd-wave”
HCI as a successor science that is based on situated meaning
making, a standpoint epistemology, values and alternative evalua-
tion approaches. And more recently, Olson and Kellogg (2014)
have collected a number of different perspectives in their book
“Different Ways of Knowing in HCI”. PD's basic qualities align
themselves well with this emerging paradigm, explaining to some
extent the rise in popularity of participatory and human-centred
approaches in HCI.

There are two major strands of research that provide a valuable
background to framing the epistemology of PD. One is Design
Research, or Research through Design, which investigates how
knowledge and theory emerge from applying design practice as
a method of inquiry in HCI (Zimmerman et al., 2010). The other is
PD's sister field in the social sciences, Action Research (AR), which
aims to create a new understanding of people's practices by
becoming part of the practice and to bring about change by action
that is informed and shaped by this collaborative understanding
(Greenwood and Levin, 2007).

AR shares many of the underlying values and goals with PD,
such as empowerment an democratisation, and consequently also
some of its methodology. As Foth and Axup (2006) find, the main
differences lie in the intent and purpose: while AR might be
characterised as seeking to act, change, understand and reflect, PD

is more concerned with involving and designing. AR's more
mature state as a field means that the epistemological argument
is similarly more well developed and, unlike PD, AR makes the
construction of knowledge a primary goal of the process. However,
both PD and AR work is highly contextualised and arguing for
scientific rigour leads to the same epistemological difficulties. AR's
starting point is to reject positivism, with its notions of abstract
knowledge in an absolute world, in favour of Lewin's pragmatism
and a hermeneutic philosophy in which the world is available only
subjectively, and constructing knowledge means negotiating inter-
pretations of this subjective world (Greenwood and Levin, 2007,
p. 56). Thus, knowledge in AR is co-created and context bound. Its
rigour stems not from validity and reliability (compare Fallman
and Stolterman, 2010), but from trustworthiness which we will
discuss in more detail below (Guba, 1981; Greenwood and Levin,
2007, p. 66). Hayes (2011) provide a more complete discussion
about the value of AR for HCI, concluding that “AR offers HCI
researchers theoretical lenses, methodological approaches, and prag-
matic guidance for constructing credible knowledge alongside colla-
borative projects...”.

Design Research has also found itself debating its epistemolo-
gical foundation due to its poor fit with the prevailing positivistic
stance in traditional sciences (Fallman and Stolterman, 2010).
At its core the issue seems strikingly similar to that of AR: how
could localised and highly contextual, creative design practices
yield scientific knowledge of appropriate rigour? Cross (2001) first
discussed the “different ways of knowing” in design practice and
identified the following main kinds of knowledge in design:
knowledge through the activity of designing and reflecting, knowl-
edge inherent in the artefacts and the process, and knowledge
through the teaching of others. There seem to be two main views,
however, on how these kinds of knowledge should be constructed:
one calls for a systematic and disciplined approach to demystify
the “black art” of design, while the other argues that such a move
would run counter to the essence of Design Research. In the first
instance, Zimmerman et al. (2010), for example, argue for a
unifying methodology with guidelines and protocols, more
research examples with knowledge creation in mind and a critical
reflection on theory. Similarly, Zimmerman et al. (2007) propose a
framework of four lenses to evaluate contributions to knowledge
systematically: transparency and rigour of the design process, the
level and quality of invention, the real-world relevance and the re-
usability of outcomes. However, it remains open who would be
best qualified to judge aspects of invention or relevance. On the

Values
Which values drive the process, explicitly or implicitly?

What are the conflicts and dilemmas arising from values?
How do values change in the process ? 
How are values reflected in decisions?

Stakeholders
Who are the stakeholders and who participates?

What is the nature of their participation?
How do stakeholders and participants benefit?

What happens when the project ends? 

Outcomes
What are the different interpretations of outcomes?
Who owns outcomes?
How sustainable are outcomes?

Epistemology
What are the kinds of knowledge constructed?
To what degree can we trust the knowledge?
What is the potential for transfer?
How is knowledge shared?

Fig. 2. Summary of the four lenses and starter questions in the conceptual framework.
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other hand, Gaver (2012) questions this push towards conformity
and standards in research through design as he sees the diversity
and non-convergence as the defining asset design has to offer
to HCI.

Against this background, we have developed the following
starter questions for our framework:

What kinds of knowledge are constructed? We identify four broad
and often overlapping types of knowing that can emerge from PD
work: social, design, methodological and theoretical knowledge. By
social knowledge we mean the local knowledge gained from a PD
process about the social environment in which it is embedded, and
its unique dynamics. Grönvall and Kyng (2012) provide a typical
example when describing a participatory approach to designing
home-based healthcare. The process not only produced concepts
for technology, but a much greater understanding of the life-worlds
of the elderly in their homes. Design knowledge refers to the
knowledge embedded in the actual artefact or service—the design.
As Cross (2001) points out, the design artefact embodies decisions
and considerations and thereby is a manifestation of knowledge. By
affording experiences, designs also embody knowledge about the
practice of people interacting with them, which can overlap with the
social kind of knowledge described above. Methodological knowl-
edge is constructed by the application, adaptation or innovation of
methods in PD. As Zimmerman et al. (2007) highlight, rigour and
transparency in the process is a major contribution to knowledge in
Design Research and a majority of PD research papers indeed focuses
on techniques and methods (see also Kyng, 2010). Finally, theoretical
knowledge relates to attempts to construct theories from PD pro-
cesses. In line with the epistemological stance PD takes, theories are
unlikely to possess the predictive power of theories in the positivistic
realm, but are generative and aspirational. They are also provisional
and contingent, but as Gaver (2012) points out, this is desirable in
that they have the power to point to new realities.

To what degree can we trust the knowledge? We have argued
above that the kinds of knowledge PD processes construct do not
sit well with a strictly positivistic epistemology. Action Research
and Design Research, however, provide conceptual frameworks
that allow for an alternative assessment of the quality and rigour
of knowledge in their respective fields. A central concept to
replace positivistic validity or generalisability is trustworthiness
which stems from four distinct properties: credibility, transfer-
ability, dependability and confirmability (Guba, 1981). Credibility
involves two distinct perspectives: firstly, internal credibility
established by participants and their assessment and acceptance
of outcomes—the practice test. Secondly, external credibility
requiring external judgements about how believable outcomes
are given the supporting evidence from the process (Greenwood
and Levin, 2007, p. 66). Dependability and transferability will be
discussed below in more detail and confirmability is the extent to
which the process can be repeated by others without changing
fundamental insights. Shenton (2004) provides valuable strategies
for reinforcing each of these aspects so as to increase trustworthi-
ness in qualitative research. Two of the lenses described in
Zimmerman et al. (2007) are also relevant here: one is the level
of innovation, while the other is the level of relevance in the real
world. However, in contrast to credibility, which specifically
defines internal and external perspectives, innovation and rele-
vance are portrayed as objective measures in Zimmerman et al.
(2007) which PD would argue can vary with the perspective taken.

What is the potential for transfer? Rejecting generalisability does
not mean that knowledge constructed in PD processes can have no
relevance in contexts other than the ones in which it was created.
Following the epistemology of Design Research and Action
Research, the alternative which has been argued for is contextual
dependency and transfer. As Guba (1981) discusses, dependency is
the direct counterpart of the positivistic concept of reliability,

referring to the absoluteness behind reliable measurements.
Dependability, in contrast, seeks to account for different realities
by linking knowledge to context. Understanding how knowledge
depends on the context is a pre-requisite of being able to transfer it
to other contexts. Stolterman (2008) makes a similar argument
when contrasting the ways in which design practice and positi-
vistic science deal with complexity: design is situated in a real-
world complexity that is not deducible to definite solutions, and
design briefs are inherently wicked problems (Rittel and Webber,
1973). As such, design knowledge can only be understood within
its context.

How is knowledge shared? We expect that many designers or
researchers reflecting on projects through these questions will find
that much knowledge and insight remains tacit or unarticulated.
While tacit knowledge can also be transferable in certain situations,
e.g., in an apprentice model, there are many other situations where
knowledge transfer benefits from knowledge being formulated and
made explicit. Not least, academic communities and their meetings
and conferences are venues where explicit knowledge, as in the
publications of a conference, are used to further the state-of-the-art
and help researchers to build on the work of others. Knowledge can
assume many formats ranging from theories to methodologies,
frameworks, guidelines, tools, case studies, design patterns or poli-
cies. Each format addresses the needs of a specific audience and
implies appropriate ways of publication. The question about avail-
ability indirectly relates to ownership as well, in the same way as
outcomes are typically owned.

3.2. Values

Values, in the broad sense we are using the term in this article,
are ideas or qualities that individuals or a group of people consider
to be of importance and worth in life3 Friedman et al. (2008) note
that values cannot be motivated by facts of the external world, but
depend primarily on “interests and desires of human beings in their
cultural milieu”, highlighting the fact that values are as multi-
faceted as human beings themselves, and cannot be proven,
disputed or declared invalid per se. They are subjective to the
individual or the group, and collaboration or even simple interac-
tions require some form of negotiation of values.

The significance of values in designing technology has been
recognised for some time as an underlying driving force for the
aesthetic, practical and moral judgements of human beings (e.g.,
Friedman, 1996). HCI in particular has opened up to the concept of
values and aims to build on sociology and anthropology to under-
stand the role of values in how we interact with technologies. Sellen
et al. (2009), for example, argue that with the prevalence of
technology in our future digital lives, it has become indispensable
to find ways to design for diverse human interests and aspirations,
and they make the case for “folding human values into the research
and design cycle”. However, in addition to the need to design for user
values, as Sengers et al. (2005) point out, designers and researchers
also bring their own values to the design process. As such, careful
reflection on practices and decisions is required in order to under-
stand the impact of these values on a design process.

Participatory Design's historical context explains why it is
inherently concerned about values. From its beginnings, values
such as democracy, empowerment and empathy were deeply
engrained in the methods of PD, in fact they were the main reason
for PD's existence (Bødker et al., 1988; Ehn, 1989). Thus, in contrast
to many other academic fields or practices, PD not only recognises

3 Paraphrased from its definition in the online Oxford Dictionary (http://
oxforddictionaries.com/) as well as from Friedman et al. (2008) and Halloran
et al. (2009).
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the significance of values, it also stands for values that go beyond
or even against the traditional values of science such as universal
objectivity. This is true to a lesser extent for the more pragmatic
interpretations of PD, but it is important to recognise that choos-
ing a participatory approach in itself is an expression of values that
designers or researchers bring to a project.

While much of the recent PD work is concerned with methods
and techniques (Kyng, 2010), Iversen et al. (2010) argue for a
value-led participatory design approach. They see a co-design
process, at its core, as a negotiation of values that all participants
bring to the table or which emerge from the collaborative
experience. Consequently, they see their own task as establishing
a culture of dialogue and discourse through which they “cultivate
the emergence of values, develop the values and ground the values”
that inform the design (Iversen et al., 2012). Values are collabora-
tively developed, questioned and re-conceptualised possibly giv-
ing rise to conflicts and dilemmas. PD activities should be
specifically designed to allow existing values to surface and new
ones to emerge. Finally, values are grounded in everyday practices
of stakeholders and realised in design artefacts which embody the
refined and negotiated values.

Halloran et al. (2009) arrive at a similar conceptualisation of
the role of values in their discussion of resourcing the design of
ubiquitous computing through values. Importantly, they too high-
light that values are unlike given requirements, but change in
response to the co-designing process. They add that values have
the potential to mediate between stakeholders and support the
engagement of participants.

For the framework, we derive the following starter questions
from these discussions:

Which values drive the process, explicitly or implicitly? Aware-
ness of values is the necessary precondition of evaluating the ways
in which they shape the design process. However, values are not
abstract entities, but originate from participants, researchers,
designers or organisations. Explicit awareness of all values
involved in a project is rarely achievable as participants do not
usually state their values openly unless co-design activities are
specifically designed to elicit them. More commonly, values are
expressed implicitly in the way we interact, for example by how
we engage with aspects of the design process, what and how we
contribute and envision or what we agree or disagree with. Values
are also embedded in all decisions made before co-design activ-
ities commence – e.g. in the design brief, the goals and the chosen
methodology, but also through the frameworks of funding bodies
and the scientific cultures in which projects operate. Furthermore,
designer and researcher values are likely to be implicit in the types
of activities which form the basis for participatory design sessions.
In addition, the visibility of values amongst participants is also
important, because it is a key component of understanding co-
participants and engendering an empathetic discourse. So, this
question is not only about which values, but also whose values
drive the design process and how much this is visible.

What are the conflicts and dilemmas arising from values? Many
conflicts in co-design can be best understood by knowing what
motivates different interests, and understanding the value system
involved is likely to be a key piece of the puzzle. Conflicts and
dilemmas, however, are not necessarily undesirable, in fact, like
other design oriented approaches, PD views them as a resource
and an opening for invention (Gregory, 2003). For example,
Iversen et al. (2010) report that their iSchool project led to a
dilemma regarding the roles of teachers in relation to the new
technologies envisioned. The conflict, rooted in the traditional
values of teachers, offered an opportunity to re-conceptualise and
re-frame the problem. Guided by PD activities, teachers began to
imagine novel roles for themselves in which they were empow-
ered by technology, rather than threatened by it. As Gregory

(2003) points out, embracing dilemmas and contradictions in this
way provides “openings for expansive transitions that go beyond
situated problem-solving”. Thus, recognising value-based conflicts
also means recognising potential for change and invention.

How do values change in the process? A consequence of
collaboration in design is the negotiation of values, whether they
were explicitly articulated or implicitly present at the start, or
emerging from the process. Both Iversen et al. (2010) and Halloran
et al. (2009) highlight the fact that values change in response to
participation and this question asks which of the values kept their
significance throughout the process and which have changed and
why. The Chawton House project, for example, aimed to explore
the use of mobile technology in guiding visitors around an old
English country estate. The curators who participated in the co-
design experienced a shift in the values engrained in their
practices as they discovered the possibilities of technologies.
Equally, the researchers came to appreciate the value of the
authentic enthusiasm and narration skills of the curators and their
voices were used directly in the resulting system (Halloran et al.,
2009). This example speaks to the mutual learning aspect of PD,
often stated as an intrinsic motivation. The authors also observed
that values become connected to activities and artefacts, so in
evaluating the evolution of values within a PD process it is
important to determine the role that activities and artefacts played
in mediating the negotiation of values.

How are values reflected in design decisions? Values are not only
linked to activities and artefacts, but are inherently connected
with the design decisions that preceded them. As Bratteteig and
Wagner (2012) show, they are not necessarily aligned with the
outcomes of the collective negotiation process, and many deci-
sions are made implicitly, are influenced by external forces or are
a consequence of unequal power structures. However, identifying
the values reflected in design decisions is probably the single most
effective way of assessing the role of values in a PD process. Even
when decisions are not made collectively, for example, because the
participant group cannot be expected to contribute at this level,
we believe tracing values from participant input to design decision
is still important. Frauenberger et al. (2012b), for example,
described several workshop activities with the specific aim of
interpreting input from children with ASC, starting by collecting
values as must-haves for their design. Similarly, Iversen et al.
(2010) discuss the translation of values towards design ideas.
Their concept of an appreciative judgment of values through which
designers facilitate the emergence, development and grounding of
values highlights the empathetic and reflective role of designers
and the ways in which they shape the design decisions by their
own values and choices.

3.3. Stakeholders

At its beginnings, PD focused on labour contexts, making
workers and management, or employees and employers, the
natural primary stakeholders in PD projects (Bjerknes et al.,
1987). Adding the researchers in their mediating and facilitating
role, a typical PD process involved three fundamental camps with
relatively clear motivations and goals. With the diversification of
contexts to which PD became applied, the range of stakeholders
has equally become more diverse, bringing different motivations,
goals and values to a PD process. Indeed, in many cases merely
identifying all of the stakeholders impacted by the design became
less than obvious. Additionally, many PD projects involve stake-
holder groups which are too large to be meaningfully involved in
their entirety, which requires careful choices in terms of repre-
sentation and means of participation.

The proceedings of the 2012 conference on Participatory Design
exemplify the wide spectrum of stakeholders who are involved in
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design projects. These range from government organisations and the
general public at large (Gidlund, 2012) to specific user groups such as
people with aphasia (Galliers et al., 2012) or communities confronted
with disaster response planning (Light and Akama, 2012). While not
always reported on explicitly, the contexts in which these PD projects
are conducted point to complex stakeholder profiles with highly
intricate relationships. Gärtner and Wagner (1996) have proposed
actor-network theory as a tool to analyse the structural relationships
of participant groups in PD projects. In this social theory, human
participants are not the only actors in a network: artefacts, concepts
and the design itself function as intermediaries. The evolution of the
network over time describes the design process and reflects the
dynamic relationship between actors. Inspecting PD processes
through actor-network analysis, Gärtner and Wagner (1996) identi-
fied three main social arenas for PD work: designing work and
systems, designing organisational frameworks for action and design-
ing the industrial relations context, in other words, PD within the
project, within the organisation or within the broader context of
policy and public debate. Thinking of stakeholders in PD as a network
of actors in these arenas is useful as it allows the reflective researcher
or designer to understand cultural practices, power relationships and
the roles of mediating artefacts or concepts.

Design is decision making, and decision making “is the exercising
of power” (Bratteteig and Wagner, 2012). Designers and stakeholders
negotiate decisions and the outcome relies on the underlying power
structure which defines howmuch scope for change each participant
has. Bratteteig and Wagner (2012) have used this perspective as
a starting point for a thorough analysis of a long-term PD effort in
order to reveal the kinds of decisions that are being made and the
mechanisms through which power relationships between stake-
holders lead to these decisions. They found that important decisions
often fall outside of the temporal or organisational frame of a project
and are adopted as uncontested facts or given pre-conditions. While
power sharing is at the heart of PD, they also found that many
decisions were based on various stakeholders exercising their power
implicitly through their expertise, skills or organisational standing in
relation to others. Power related concepts such as loyalty, trust or
influence played significant roles in how decisions were made. It is
therefore key for this evaluative perspective to gain an understanding
of which power structures are motivating decision making, both
within a project in terms of the participants and in the wider context
of the project, e.g., its embedded academic culture or funding
structure. Light (2010) also reminds us that interaction, and thus
participation, is shaped on multiple levels and that the micro-level,
the level of group-dynamics and individuals, is receiving too little
attention in terms of how it impacts on exercising power or making
decisions.

The starting questions for our framework are as follows:
Who are the stakeholders and who participates? As argued

above, this question is not as obvious as it seems and does not
stop with merely identifying peers affected by the design. Instead,
we argue that understanding stakeholders is a multi-layered
process, which in turn contributes to understanding the dynamics
of collaboration in co-design. Firstly, we believe it is important to
reflect on stakeholder motivations and interests in order to gain an
empathetic understanding for their actions. This involves looking
beyond the immediate groups of people involved, recognising the
cultural and professional practices in which stakeholders are
embedded in. For example, Bratteteig and Wagner (2012) describe
how architects participating in their project felt a strong need for
peer recognition in their own field and therefore were in conflict
over the imperfections of the novel solutions proposed. Cultural
practices can subtly influence stakeholders, for example in acade-
mia with a strong “publish or perish” culture, researchers are
pushed towards the types of studies which yield publishable
results, and thus the culture shapes their role in the collaboration.

A related aspect is the issue of representation. An understanding of
how certain stakeholders came to be participants, for example by
selection, recruitment or driven by self-interest, contributes to the
understanding of their actions during the process. Secondly, the
relationships between the stakeholders have significant impact on
decisions made and therefore on the design outcomes. Recognis-
ing power relationships and the mechanisms through which this
power is exercised is vital. Again, Bratteteig and Wagner (2012)
provide an example where lay participants did not have the
technical expertise for making certain design decisions and it
required trust to overcome an unequal power relationship with
more knowledgable design team members.

What is the nature of their participation? In addition to the
“who”, the “how” and “to what extent” are equally important. In
their review of early PD projects, Clement and Besselaar (1993)
have identified 5 key ingredients for participation: participants
must have access to information, they must have the possibility for
taking independent positions on the problems, they must be
involved in the decision making in some way, appropriate meth-
ods for participation must be available and there must be the
scope for change. However, each of these ingredients may be
present to various degrees and thereby shape the nature and
quality of the participation. Druin (2002), for example, has
identified four levels of participation for children in PD work:
users, testers, informants and design partners. Each of these roles
assumes influence on the process to a different extent, and while
a useful overall categorisation, it does not always capture the
nuances of many design situations. Firstly, participant roles tend to
be fluid and change over the course of the project (compare
Frauenberger et al., 2013). And secondly, it is easy to see how, in
theory, full design partners might be in a position to make any
decision they like, but are not provided with enough information
to do so. Similarly, elaborate methods for participation may be in
place without there being sufficient scope for change, which
would be an example of what Arnstein (1969) calls “tokenism”

in his ladder of citizen participation. The ability to participate is
another defining factor. O'Connor et al. (2006) describe the
development of video tools with a severely disabled person with
no language and point to the difficulties in finding appropriate
means of expression and in interpreting their limited communica-
tions from a empathic standpoint.

How do stakeholders and participants benefit? While often the
main benefit for participants is believed to be provided by an
improved or better design (see discussion on outcomes below), the
direct impact on the participants themselves is often overlooked
(notable exceptions include Clement and Besselaar, 1993; Balka,
2006). This motivated Bossen et al. (2010) to conduct a study into
the self-reported gains of stakeholders from participating in a
5-year research project within an educational context. They inter-
viewed pupils, teachers, administrative staff, consultants and one
politician in order to assess their personal gains, understand their
frustrating and satisfactory experiences, and consider perceived
influence on the project and any impact on their future develop-
ment. They found that participants gained on several levels, such as
improved competence with technology, the awareness of novel
educational opportunities and the building of relevant social net-
works. In a follow up study, Bossen et al. (2012) used the same
methodology in a different context to investigate the main impedi-
ments on realising gains for participants. They found the most
significant hurdles to be related to unresolved differences in aims,
to ambiguities in the structure of the collaboration and to different
conceptions of technology. Notably, they highlight the importance
and value of such reflective studies to “make it clearer how and in
which way PD projects reach the goals they strive for.”

What happens when the project ends? While not all PD projects
may have the ambition to create a lasting legacy, most still share
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a notion of revealing alternatives or possibilities for change
through participant involvement. In this sense, a PD effort may
have a sustained impact in different ways, for example, through
altered structures, practices, perspectives or technological oppor-
tunities within the world of participants. In their review of early
PD projects, Clement and Besselaar (1993) found that many of the
projects could be considered successful in facilitating the involve-
ment of stakeholders, but none had translated into a self-sus-
tained, local process of participation once the projects had ended.
They argue that this would require participants to become local
actors—“animators”—who take over the initiative and do some-
thing that is inspired by their experience of having been involved.
We agree, and believe the question of sustainability in the context
of PD is ultimately not a question of structures or politics, but one
of enabling and motivating participants and turning them into
advocates. Bossen et al. (2010) report that several of their
participants voiced frustrations about the fact that initiatives faded
within the institution after the project has ended. However, they
also identified a number of indirect ways in which participants
were able to bring experiences, skills or networks generated in the
project to other contexts and thereby created a long-term impact
of the work.

Exit strategies can be complicated and have an ethical dimen-
sion: while building relationships with participants is often care-
fully planned, ending such relationships hardly is. Depending on
the nature of the collaboration, this can be a natural part of ending
a project, or a emotionally difficult situation. Gary Mardsen, for
example, has highlighted this issue in discussions at the “Partici-
pation and HCI” Special Interest Group meeting at the CHI'12
conference. Referring to his work in rural areas of Africa he said
“When you spend so much time building a rapport with people it is
very difficult to suddenly become removed from this social context
and environment” (Vines et al., 2013). Beyond the emotional aspect,
participatory work may have created real dependencies where
designers, researchers or practitioners have become an integral
part of the change that the work has aimed to achieve.

3.4. Outcomes

Assessing the outcomes with respect to the impact participa-
tion has made, became the most important way to justify
participatory approaches, particularly at the more pragmatic end
of the PD spectrum. When external pressures influence the design
process, such time and budget constraints, PD must answer
questions about its effectiveness. We see two main challenges in
making PD accountable in this respect: one is related to the
definition of outcomes and the second is of an epistemological
nature. Firstly, the diverse motivations behind PD and relatedly,
the diverse groups of people involved, mean that what constitutes
outcomes and how they are assessed depends on the perspective
taken. Outputs could manifest themselves in changes to local
practices or artefacts for the mass market, and both could be
considered the main outcomes of the same PD effort depending on
who one asks. Secondly, establishing the impact the participation
of non-designers had on the outcomes is not trivial. The highly
contextual nature of PD work makes it very hard to demonstrate
the added benefit of participation in comparison to non-
participatory approaches since comparative studies would be
highly impractical.

While most commonly the output is associated with the actual
artefact or design, there are many ways in which outcomes of PD
projects may be perceived. For example, PD's history and shared
background with Action Research highlights social change as a
possible desired outcome (Foth and Axup, 2006). And as the
section on stakeholders has argued above, direct impacts on
people involved in the project also might be seen as outcomes of

the project, whether by design or unintentional. Discussing
co-design spaces, Sanders and Westerlund (2011) draw attention
to the need for reflection on questions such as “Who determines
what the output means? What is the collective outcome? What is the
individual outcome?” highlighting the fact that these definitions of
outcome may differ substantially depending on personal perspec-
tives. Zimmerman et al. (2010) make another point when discuss-
ing the relationship between Design Research and science: in
conducting research through design, which many PD projects do
implicitly or explicitly, contributions can be made to both meth-
odology and knowledge (see above).

Once outcomes have been identified, establishing whether
participation has directly or indirectly benefited these outcomes
is a further challenge. Irestig et al. (2004) report on the only
comparative study we were able to find to directly investigate this.
They developed information system prototypes in the context of
a Swedish Trade Union project in two parallel research streams:
one following a PD approach, one a user-centred design (UCD)
approach. They then used an analytical framework originating in
Activity Theory to systematically compare the outcomes, and were
able to isolate certain differences in terms of the characteristics of
the two designs. They found, for example, that the PD solution
focused on collective activities and organisational practices, while
the UCD solution focused on single user use and the adaptability of
the system. While this might not be surprising given the foci of the
different design methods employed, the study seems to confirm
that the intended benefits of the PD method translate into actual
qualities of the system, and are thus a consequence of participation.

In a broader scope, Kujala (2003) have conducted a literature
review on the benefits of user involvement on system design.
Their interpretation of beneficial is limited to what is beneficial to
the qualities of the actual system—the artefact as the outcome—
and the review does not focus on PD only, but includes any form of
user involvement, e.g., UCD, contextual inquiry and ethnography.
Reviewing field studies, qualitative research and quantitative
work, they found support for several common claims, for example
that user involvement increases the level of user acceptance, but
evidence for others was not forthcoming, for example the cost-
effectiveness of user involvement. They summarise tellingly that
“The effects of user involvement seem to be positive overall, but
complicated.”

As a consequence, we have omitted a starter question that
directly probes for the impact of participation on outcomes. The
nature of PD makes it either nearly impossible or trivial to assess
a causal relationship between any outcomes and participation and
in both cases such a question would not contribute to describing
the level of rigour or increase accountability. We do, however,
argue that using outcomes as a reflective perspective has its value,
particularly in that outcomes are often the focus of attention when
PD work is being held accountable. While this may not be fully
justified, the following starter questions aim to redirect the focus
towards features of outcomes that are more appropriate in the
context of PD:

What are the different interpretations of outcomes? In a recent
study, Garde and van der Voort (2012) asked participants of a PD
project that aimed to support the design of a new hospital ward, to
describe the main outcomes of the workshops. Anonymised
responses were collected through a post-event questionnaires
and subjected to content analysis. They found remarkable differ-
ences in what participants took away from the workshops
depending on their roles or the particular activities. The results,
they argue, illustrate the value of probing for interpretations of
outcomes after PD activities, most importantly to re-adjust sub-
sequent activities. Post-event questionnaires seem to be an effec-
tive way to do this, but the authors also state the danger of getting
“socially pleasing” answers, so in some contexts other methods
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might be more appropriate. Notably, they included themselves as
participants in the study too. Given that designers often make
design decision on the basis of what they believe to be the agreed
outcome of a PD activity, an awareness of the divergent inter-
pretations of the outcomes adds important information to the
basis for these decisions.

Who owns outcomes? Ownership of outcomes is a complex
psychological and sometimes fluid state that many PD projects
observe in the behaviour of participants, e.g., with respect to the
interaction with an artefact or the role participants assume in an
altered social environment. PD work on the idealistic side of the
spectrum often makes this shift of ownership an explicit goal,
while on the other side of the spectrum ownership is more likely
to be retained by the designers. However, there are also more
nuanced cases in which ownership is perceived as shared. In any
case, ownership reflects features of the design process and the
roles participants are given. Thus, it relates to the stakeholder lens,
but while our concern in the stakeholder lens was mainly focused
on relationships and decision making, the question of who owns
outcomes adds another dimension to assessing benefits and
motivations. For example, when van Rijn and Stappers (2008)
developed LYNKX, a language learning tool for children with
autism, they demonstrated that fostering ownership in the design
process was a key factor in motivating participants to contribute.
Merkel et al. (2004), in reflecting on three community projects in
which they co-designed technology, describe this process as
“Seeding ownership”, and it is a pre-requisite for designing for
sustainability—which leads us to the final question in this lens:

How sustainable are outcomes? Above we argued that sustain-
able PD requires stakeholders who become advocates, “animators”
(Clement and Besselaar, 1993) and owners (Merkel et al., 2004). In
itself this qualifies as an outcome, but it is easy to see how design
outcomes, such as services or artefacts, can themselves engender
sustainable participation, for example, services which transform
practices in the long run. In this sense, it is worth considering
which outcomes have the potential to survive beyond the end of a
PD project, and the qualities they must possess in order to do so.

4. Rigour, accountability and coherence

Rigour manifests itself in different ways, depending on the
science paradigm one operates in Guba and Lincoln (1994). While
in positivism and post-positivism rigour emphasises validity and
reliability of results (compare Fallman and Stolterman, 2010),
other fields have sought other criteria that fit their own belief
system as we have discussed at various points above. The hetero-
geneity of PD makes establishing a set of universal criteria
impossible. Too broad is the spectrum of interpretations of PD,
too varied are the motivational drivers behind PD work. Similar to
Fallman and Stolterman (2010) we argue that any notion of rigour
has to be developed within a “firm understanding of the particular
purpose of each approach.” Different PD projects might be equally
rigorous in and by themselves, and still bear very little resem-
blance in terms of their processes, methodologies or outcomes.

Equally, accountability is not a label that confirms the presence
of certain features, as in a chain of evidence, but the ability of
designers, researchers, practitioners and indeed stakeholders to
construct an argument for the appropriateness of the process and
the trustworthiness of outcomes. As with rigour, such an argument
can take many forms and depends not only on the context and
one's interpretation of PD, but also on the intended audience. For
example, being held accountable by a funding body, academic
peers or effected community groups will require a different focus
in argumentation. We thus emphasise that our “tool-to-think-

with” provides a language for constructing such arguments, not
the arguments themselves.

Guided reflection brings to the open the many tacit features
that define a PD process, but by itself is insufficient to get a handle
on rigour and accountability. Both concepts, rigour and account-
ability are at their core concerned about a notion of quality of PD
work that accommodates for the variety of contexts, approaches
and theoretical foundations, but signifies appropriateness, thor-
oughness and trustability. We therefore have developed the
concept of coherence.

Analysing the coherence means analysing how well the features
of a PD effort, revealed through guided reflection, are attuned to
each other; whether the features are coherent in the sense that
they pull the project in the same direction or work against each
other. We argue that rigorous PD work exhibits qualities that are
coherent, e.g., it is based on an epistemology that accommodates
the values that drive the effort, involves stakeholders in ways that
reflect these foundations and accordingly defines and delivers its
meaningful outcomes.

Importantly, coherence does neither imply absolute agreement
nor does it prescribe a single interpretation of “good” PD work. For
example, PD work can exhibit internal rigour with many different,
even conflicting values present when this is reflected in the way
outcomes are defined and stakeholders are involved. And we
would argue that a PD effort has equal internal rigour when the
underlying epistemology is pragmatic, stakeholders are involved
purposefully or selectively, and outcomes are defined with a clear
focus on an artefact. The coherence of features neither makes
judgments about the level of agreement within the lenses nor
where on the spectrum of PD ideology the effort is defined. The
level of coherence would be low, however, when, for example a PD
effort is driven by democratisation, but leaves key stakeholders no
scope for change. Or the epistemology is situated and the outcome
is a mass product.

To further illustrate the concept we turn to two examples of
what might be the result of applying our “tool-to-think-with” on
aspects of the ECHOES project: The proposal to the funding body
described an empirical study to assess the effectiveness of the
system to be designed as the main outcome. The epistemological
stance the study design implied made it necessary to build the
system so that it could be evaluated along specific, measurable
dimensions. The proposal also emphasised a participatory mindset
in designing the system and thereby implicitly adopted a set of
values that revolved around empowerment of children with
autism. While this set of values might have been interpreted more
radically by the members of the PD strand, there was also a sense
that the fundamental orientation was shared across the whole
project. Analysing the coherence of these aspects of the proposal
makes clear that there were serious conflicts between the episte-
mology, the values, the outcomes and the kind of involvement of
stakeholders, which, at the time went largely unnoticed. Firstly,
the values around empowerment could not be followed through
into the required outcome as the type of the outcome—the
empirical evidence—required us to limit the impact children could
have on the design process and the system itself. Secondly, the
epistemology within which PD worked was not coherent with the
epistemology the outcome required. While PD presented knowl-
edge in a situated context that reflected their work with children,
colleagues who were concerned about the evaluation extrapolated
the epistemological framework of the empirical study and
expected PD to deliver a different kind of knowledge. Looking
through the stakeholder lens makes clear that the PD strand had
ignored an important stakeholder: PD has not actively involved
their own colleagues to resolve the epistemological incoherences.
All this originated in the way the work structure of the project was
set up. PD was made a parallel strand, separate from the design of

C. Frauenberger et al. / Int. J. Human-Computer Studies ∎ (∎∎∎∎) ∎∎∎–∎∎∎ 11

Please cite this article as: Frauenberger, C., et al., In pursuit of rigour and accountability in participatory design. International Journal of
Human-Computer Studies (2014), http://dx.doi.org/10.1016/j.ijhcs.2014.09.004i



learning activities, the technical realisation and the evaluation.
Consequently, the incoherences turned into conflicts in the inter-
facing between those strands.

In the second example, we analyse the PD Critique activity in
ECHOES (Frauenberger et al., 2013): while researchers in the PD
strand had a particular outcome in mind before they conducted
this series of activities, in the course of the pilot studies the
outcomes were completely re-defined. The epistemological para-
digm the researchers operated within allowed them to make this
shift and to embrace the explorative nature of the resulting studies
as they were not bound by other stakeholders to deliver a solution
to a particular question. Within the value-system of the research-
ers involved it was clear that the new direction this activity took
was much more valuable than the original aim. I.e., it was more
valuable to gain a broad and nuanced understanding of supporting
participation of children with difficulties in social communication
than establishing the effectiveness of a tool in generating new
design ideas. The shift led to situated, methodological knowledge
and insight with respect to the nature of participation of this
group. In this example the values were coherent with the
epistemology which in turn allowed the researchers to pursue
the adjusted outcomes through appropriate methods. We would
therefore argue that this second example exhibits more internal
rigour than the first.

We acknowledge that both examples are incomplete snapshots,
meant to illustrate the concept rather than necessarily accurately
portray rigour in ECHOES. However, they show how articulating
reflections from particular perspectives and assessing their coher-
ence allows one to make qualitative statements about PD work.

5. Operationalising the framework

There are three different ways in which we believe operatio-
nalising our approach can be beneficial to practitioners:

Firstly, our framework can support practitioners in setting up
PD work by clarifying core starting points. Identifying required or
desired features of the project through critical reflection provides
the basis on which the practitioner can develop an appropriate
methodology and consider the fundamental standpoint they take
along the spectrum of PD approaches. Analysing the coherence
between those qualities additionally supports them in identifying
particular challenges that either require a methodological resolu-
tion or a critical review of aims. In the case of ECHOES using our
framework in the planning phase would have revealed a number
of fundamental problems, such as the incompatibility between
epistemological stances discussed above. It undoubtedly would
have flagged the incoherence between some of the PD aims and
the decision to make PD a separate strand. As a consequence,
a number of changes would have been possible without jeopardis-
ing the overall goals. PD could have been interwoven with other
strands thus underpinning the outcomes rather than supplement-
ing them. Different outcomes could have been defined to acknowl-
edge the different scientific cultures and the different kinds of
knowledge the work constructed. PD could have actively engaged
other team members in their work to develop a mutual under-
standing for the kind of knowledge that is constructed. This would
also have allowed a different timeline in which some PD work
would have preceded other developments.

Secondly, our framework can be operationalised as part of
a reflective practice. PD processes are inherently non-linear and
reflect shifting intent and ongoing discovery as the second
example from ECHOES in the previous section exemplified (com-
pare also Wolf et al., 2006, on design practice). Adjustments to the
process, just like design decisions themselves are the result of
judgments rather than deductive reasoning (Löwgren and

Stolterman, 2007, p. 54) and are informed by the practitioners'
skills, expertise, values and context dependent information at the
time. Many have pointed to critical reflection as a key resource for
making judgments. Beginning with Schön (1983), researchers have
built the case for reflection-in-action as a key aspect in ensuring
quality and relevance in design. Sengers et al. (2005) have coined
the term Reflective Design in HCI, stating that “technology design
practices should support both designers and users in ongoing critical
reflection about technology and its relationship to human life”.
Drawing on Critical Theory and other related approaches (e.g.,
Bardzell et al., 2014), they derive principles and strategies for a
reflective design practice. Bødker and Iversen (2002) argue that
reflection in action and off-loop reflection are the defining features
of expertise in PD, enabling practitioners to work in systematic
ways, moving beyond trial and error and ad hoc design decisions.
Thus, revealing the tacit qualities, which are a kind of knowledge-
in-action (Schön, 1983), and identifying issues with coherence can
help PD practitioners to inform their navigational judgements in
a more transparent and systematic way, thus, in itself increasing
the rigour of their work.

In inter-disciplinary projects like ECHOES, accountability also
plays a key role in communicating PD and dealing with conflict.
The language afforded by our framework enables designers,
researchers and practitioners of PD to construct arguments that
underpin their judgements and decisions. They are enabled to
adjust these arguments to accommodate different peer groups,
inside and outside the project.

Finally, like most of our statements about ECHOES in this article
demonstrate, our framework affords a post hoc analysis of PD
work. In a maturing field like PD, it is critical to instil a notion of
trustworthiness in our efforts by the way of critical analysis. It is
the key requirement to enable the field to build on findings and
progress. As discussed above, PD knowledge can be transferred
when processes and judgments are transparent and contextual
dependencies are carefully considered. Our framework supports
practitioners by making such information available. Secondly, to
advance the field as a whole, it is important to be able to
systematically scrutinise, critique and communicate work and we
see our framework as a contribution to this end too.

6. Conclusions and future work

With this article we have proposed a “tool-to-think-with” that
guides PD practitioners in a process of critical reflection on their
work. The concept of coherence provides a robust yet flexible
means of assessing and communicating internal rigour and
accountability. Throughout we have sought to ground our
thoughts through illustrative examples from a specific PD experi-
ence, ECHOES, that highlight some of the underlying challenges in
conducting participatory work and communicating it to peers.

In future work, we envision our approach being developed
further by applying it to other PD work and at various phases of
projects. The lenses and their starter questions are likely to evolve
with new aspects emerging from different contexts or from
projects with particular foci. For example, in projects where
vulnerable groups are involved, the stakeholder lens could include
more specific questions regarding ethics and the outcomes lens
would require more emphasis on interpretation and empathy. The
framework is open for such tuning, but we argue that the
fundamental concept of combining a structured, critical reflection
with a meta-analysis of the coherence of the findings is an
appropriate way of qualifying work in our field and hope this
approach will find its way into the working practice of many PD
practitioners. To further develop our framework we have plans to
invite other researchers and practitioners to bring their PD
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experiences to workshops and we also plan using the framework
in educational settings where it guides students in their learning
of PD practices by supporting their critical self-assessment.
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ABSTRACT
Over the past two years, we have engaged autistic children in a
participatory design (PD) process to create their own, individ-
ual smart object. In this paper, we reflect on our methodologi-
cal choices and how these came about. Describing the design
process with one of our participants as a case, we show how
we developed participatory activities by combining, blending,
re-interpreting and adapting techniques and tools from a pool
of methods on the basis of the characteristics of the child, our
own skills as designers and the history and context of our col-
laboration. Reflecting on this practice retrospectively, we seek
to make two contributions: firstly, we distill a repertoire of
methodological building blocks which draw on our experience
of co-designing with autistic children. Secondly, we present a
visual tool that captures the process by which we combined,
blended and interpreted these building blocks into coherent
design activities with a view to provide systematic guidance
for future work. While the work presented here is set within
the context of designing with autistic children, we argue that
the underlying approach can be applicable and useful in a
wider co-design context.
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INTRODUCTION
Participatory Design (PD) constitutes an approach and a vision
that argues for involving people affected by technologies in
their design [10]. Motivations for adopting a participatory ap-
proach range from addressing a pragmatic need to increase the
fit between features and users’ requirements to idealistic agen-
das related to empower people, democratise innovation and
designing alternative futures [18]. Whatever the orientation,
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the diversification of contexts and goals for which technolo-
gies are designed has led PD to become a central theme in
the research culture and practice of HCI and particularly in
interaction design and children [9].

There is a consensus that PD is particularly powerful when cre-
ating technology for groups who are typically marginalised in
design and have life-worlds which are far removed from those
of designers and researchers. Autistic children1 are one prime
example of such a group and a number of research efforts have
sought to co-design technology in this context. While the PD
literature is brimming with different methods and techniques
on how to engage participants, the rationale for methodolog-
ical choices and the strategies for translating methods into
actual activities are hardly ever reported on, impacting on
our collective ability to effectively build on each others work.
With certain participant groups, such as autistic children, the
significance of this gap becomes particularly apparent as there
is a constant need to adapt and re-interpret existing methods
to consider needs and abilities of participants in order to find
ways of facilitating safe and inspiring engagement.

Thus, in this paper, we reflect on our own methodological
choices within OutsideTheBox in which we engaged autistic
children in a participatory process to design their own smart
object. While our project set out to implement existing PD
methods for engagement with autistic children, after two years
we found ourselves working in different ways: much more
akin to tapping into an extending toolbox or repertoire, we
found ourselves blending different smaller, methodological
building blocks and tools in a fluid and agile manner, respond-
ing to how the design process unfolded. Retrospectively, we
now reflect on our practice and investigate what we have done
in which way and why.

Below we describe in detail the design case of Mia, an 8
year old autistic girl, who worked with us over the course of
one school year. We focus on the sequence of participatory
activities we designed for the work with Mia and show how we
took elements of methods, appropriated, mixed and blended
them to iteratively develop a coherent string of activities for
meetings. In doing so, we not only continuously extended
our own repertoire of building blocks, but also a child-specific

1We are aware about the complex discussions surrounding person-
first vs. label-first language; we opt for the latter, due to it being the
predominantly self-chosen form of people on the spectrum [16].
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repertoire of proven and working elements that we could tap
into for future sessions. With the aim to capture this way of
working, and provide systematic guidance for future work
and others, we here present a visual tool that resulted from
analysing our processes after the fact.

The contribution this paper seeks to make is twofold: firstly,
we present and discuss this visual tool for designers and
demonstrate its possible use. Secondly, we revisit all our
processes in OutsideTheBox and distill an overall repertoire
of techniques and tools for participatory design with autistic
children from the experiences we have made over the last two
years.

In the following, we review related work, both on frameworks
to make methodological choices as well as concerning the
adaptation of methods to particular contexts. We then intro-
duce OutsideTheBox to set the scene for our design case. From
this description, we draw out the concept for the visual tool
for designers and exemplify its potential use by describing
how it could have supported the systematic transition from
one session to another.

Finally, we take a step back and collect all methodological
building blocks we used across the whole project. We close
by discussing how we intend to use this process in our future
work and how it might be useful in other contexts.

RELEVANT WORK
Autism is a neuro-developmental condition which manifests
itself in impaired social and communication skills, and repet-
itive and monotropic thought patterns or behaviours. While
these manifestations comprise the diagnostic criteria, the way
they play out make autistic people an extremely heterogeneous
group with very diverse life-worlds. The spectrum of abilities
ranges from people who never develop language to people
who’s autism has only minor impact on their life. The preva-
lence of Autism-Spectrum Conditions (ASCs) is estimated to
be above 1% [1].

Many autistic people have an affinity to technology, as they
appreciate the structure and predictability of the medium [5].
This has sparked research interest in computer-based learning
interventions [22], as well as the development of technologies
which target every-day routines and functional support (see
[17] for a recent survey of interactive technologies for autism).

It is widely acknowledged that participatory approaches to
designing technology are particularly valuable in an autism
context, not only in terms of creating meaningful technology,
but also for the enriching and empowering experiences of
participants in the design process [15, 28, 3, 21]. However,
the typical traits in autism also make facilitating participation
in design work particularly challenging. Special interests,
rigidity and perfectionism as well as design’s features as a
socially demanding activity are all considerations to be taken
into account [11].

Consequently, methods for engagement and design work re-
quire careful adaptation and re-interpretation when working
with autistic children. IDEAS, for example, is a participatory
design approach that builds on the widely used TEACCH in-

tervention programme [20] to provide specific structures and
supports to involve autistic children [2]. The same authors
have aimed to widen the applicability of their approach and
have proposed the D4D framework (Designing for Diversity)
which consists of two main strategies to adapt participatory
design activities for a neuro-diverse population: structuring
the environment and providing additional supports [4]. With
respect to both elements, they highlight how “understanding
the culture” can help adapting the activities to the general char-
acteristics of a neuro-diverse population and how “tailoring to
the individual” requires designers to respond to the particular
needs of the participants.

The CiC framework (Children in the Centre) provides a way
of structuring collaboration in multi-discplinary PD projects
with special needs children through nested layers of influence
[14]. At its core, it is concerned about the interests, strengths
and needs of the child. At the outer levels, it includes teachers
and parents, before moving on to child-centred technologies,
everyday environments and inclusion in society as a whole.
The authors acknowledge that while CiC provides valuable
perspectives on the arenas of participation, it does not provide
a systematic way of developing actual activities.

Gaudion et al., discuss a designer’s approach to involving autis-
tic adults in co-creation processes [13]. They describe their
methodology as being driven by their designerly, empathic
understanding, rather than by preselected methods. As a lens
for reflection on their activities, they used the framework for
organising techniques and tools in PD proposed by Sanders et
al. [23].

Summarising, with our paper we build on Benton’s work [2],
the CiC framework [14] and Gaudion et al. [13] who all high-
lighted the need to adapt methods to the children and their
environment, in order to be able to engage them in design
processes. However, we argue that we lack a more holistic
view that transparently and systematically incorporates the
designer’s expertise and experiences as well as a historical
perspective that reflects the course of the collaboration and
previous results to develop a coherent series of design activ-
ities. Additionally, we see value in building repertoires of
method elements that designers can readily tap into and appro-
priate as the collaboration unfolds. With this paper we aim to
address precisely this gap.

OUTSIDETHEBOX
OutsideTheBox - Rethinking Assistive Technologies with Chil-
dren with Autism2 is a three year research project, exploring
alternative roles for technologies in the lives of autistic chil-
dren. We argue that traditional assistive technologies have
predominately focused on mitigating functional limitations
and have consequently ignored a rich and versatile design
space for creating technology that is driven by desires and
ideas beyond those related to the disability. While limitations
certainly are one part of the disabled experience, we argue that
they should not narrowly determine the kinds of technologies
designed in this space. Consequently, OutsideTheBox takes a

2http://ousidethebox.at
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Figure 1. Mia’s alarm clock (right) and several impressions from its development

different approach and engages autistic children in a partici-
patory design process which has two simple requirements in
its brief: firstly, the resulting artefact should afford meaning-
ful and positive experiences and secondly, the design should
scaffold the child in sharing these experiences with others.

Children we work with are between 6 and 8 years old and are
diagnosed with an Autism Spectrum Condition. All children
attend an integrative mainstream school and we collaborate
with the education department of the City of Vienna for re-
cruiting. We meet children approximately every fortnight for
a co-design session, which results in 12-16 meetings over the
school year. In these sessions, two researchers are present
which have distinct roles: one is the Play Partner of the child
who teams up with the child to work through the planned ac-
tivity; the other is the Active Observer who sets tasks, keeps
the time, provides materials and collects observational data.
The technological opportunity space this project chooses to ex-
plore is ubiquitous computing and the collaboration spans all
across ideation, conceptualisation, prototyping and evaluation.
At the end, each child owns their smart object.

The outcome of the project is threefold: firstly, we explore
different participatory methods to engage autistic children and
enable them to lead the design process with their ideas [19, 27].
Secondly, we create a series of design case studies through
which we seek to demonstrate that such an approach leads to
very different kinds of technologies, opening a design space
that would be inaccessible to neuro-typical, adult designers
[12, 26]. Thirdly, we work on novel ways of evaluating the ex-
perience children have with these novel kinds of technologies
[24, 25].

In the following, we introduce a case study from the second
year. Overall, we worked with 9 children and we have chosen
to present Mia’s3 case here because of the variety of methods
we used and the high degree of their appropriation, making
it a rich and fitting example for our argument. In the second
year, we also had established our design practice in a more
systematic way and Mia’s case in particular helped us to reflect
on our strategies in developing a coherent string of workshop
activities. All processes were thoroughly documented using
audio, video, pictures, artefacts and research diaries.

3We altered all names to protect the privacy of participants.

CASE STUDY
At the time of our collaboration, Mia was 8 years old. She had
been diagnosed with Autism Spectrum Condition two years
earlier. Before we met her for the first time, we conducted
contextual interviews with Mia’s mother, her teacher, and her
mentor, who described Mia’s difficulties to follow teaching
lessons, but emphasised her imaginative skills. Mia became
easily overwhelmed by pressure during lessons and subse-
quently quickly lost her motivation to try new things. As we
got to know Mia, we encountered her great drawing skills and
her highly focused interest on the Super Mario Universe. She
also told us about her difficulties to get up early in the morning
and that she linked this to her low motivation and bad mood at
school.

Our co-design process stretched over an entire school year,
during which we met Mia approximately every fortnight - 16
sessions in total. At the beginning our collaboration took
place primarily at school, in a separate room next to her class-
room. The room allowed us to freely arrange tables and seats,
assigning different areas for brainstorming, role playing or
prototyping. Her teacher was not present in the sessions, but
available at any time. In particular, the teacher helped to ini-
tiate sessions by handing Mia her project folder when the
researchers picked her up and Mia insisted on reporting back
to the teacher immediately after each session about what she
worked on. Towards the end of the design process we also
met Mia repeatedly at our research lab to make use of digital
fabrication tools.

Based on the initial information from the interviews and our
first meetings, we started developing a repertoire of appropri-
ate techniques and tools. Mia’s great imagination and interest
in pretend play with her toys from the Super Mario Universe,
led us to reinterpret techniques from drama based methods
(c.f., [6]). We combined those with different common design
techniques e.g. brainstorming, mind mapping, research diaries
for idea generation and low-tech prototyping for conceptualisa-
tion. When ideas became more concrete, we added techniques
around collaborative making and digital fabrication.

During the whole co-design process we consistently tailored
elements of the techniques to fit Mia’s individual character-
istics, her particular needs and the ideas generated in previ-
ous sessions. For example, since Mia always brought her
favourite toys from the Super Mario Universe to our meetings,
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Figure 2. An overview of the design process with Mia

Method Element Rationale Child Adapted Element
Warm up comfortable working at-

mosphere
preference for routines and ritu-
als

schedule of reflecting on the last
session, ritual of grimacing at the
beginning

Technology immersion novel interaction possibil-
ities

strong need for structure, over-
whelmed by too many options

step by step introduction of ma-
terials

Prototyping converging on technology low motivation to work with
technologies

prototyping as prop design for
established role play

Role play motivation, novel ideas pretend play with toys incorporating toys as characters
in role play

Scenario building motivation, proof of con-
cept

difficulty of wake up in the morn-
ing

wake up scenario

Mapping specification of materials toys involving toys in brainstorming
activities

Table 1. Summary of planned methodological elements for session 10, the rationale for including them and how they were adapted to the child. Elements
listed here also became part of the repertoire as described further below

we started to give them a role in the process and would ask
their opinion about ideas. The toys were also involved in role
play activities, intended to enable us to test first prototypes
in specific scenarios. Working with Mia meant to be mindful
of her attention spans and to include a sufficient number of
breaks to play soccer or talk about other things on her mind.
To “warm up” at the beginning of each session the Play Part-
ner and Mia established a routine of grimacing and posing for
the pictures the Active Observer took for the research diary,
before reflecting on the last session. During the collaboration
it also emerged that she regularly produces short pieces of
text and pictures, that she assembles for her newspaper for her
class mates. We picked up on this idea in the evaluation of the
object for which she produced an advertisement and wrote an
article about our collaboration. For this she also conducted a
couple of interviews with her family and our research team
about the final prototype (see also [27] for a more detailed
account).

Based on Mia’s desire “to start her day in a good mood” and
her current difficulties to get up in the morning, we developed
the idea of a personalised alarm clock which consists of three
components: 1) the alarm clock itself showing the time and
providing a mechanism to set an alarm; 2) a pillow that starts
shaking once the alarm goes off and 3) a floor mat that is used
to turn the alarm off. The alarm clock plays Mia’s favourite
tune of the Super Mario Universe followed by a short melody
that provides a “mood-forecast” for the day, inspired by her
fascination of reading the daily horoscope. There is no tradi-
tional clock-face or digital display on the main device. Instead,
its form is inspired by a Super Mario figure and includes sev-
eral LEDs and buttons that are used to indicate the time and
set an alarm. Figure 1 provides pictures from design sessions
and the final object.

To be able to illustrate the process we went through to develop
a particular session, we now provide a detailed account of the
build-up to our 10th meeting. As figure 2 shows, we have cho-
sen a session that marks the transition from conceptualisation
towards prototyping, i.e. we were aiming to converge on a spe-
cific concept that could be taken further into the development
of a smart object. This phase within the design process offers
a good example as we had already worked with the child for
some time, had established a trusting relationship with Mia
and had explored her interests and ideas in various directions.
We illustrate how we developed the subsequent session that
would build on this experience and would push the design
process into the next phase. We first describe our planning of
the session and then how the session unfolded in practice.

Planning a session
In previous work with Mia we identified a strong preference for
routines and concise tasks as new, unknown materials or topics
were overwhelming. Mia enjoyed our rituals and routines at
the beginning and the end of our sessions: a short review of
today’s schedule, grimacing and posing, involving her toys
in role-play activities, and presenting the outcomes of the
session to her teacher. During the conceptualisation activities,
we established a consistent scenario of a “wake up” situation
to test various ideas. In the 9th session, Mia developed the
concept of her own smart alarm clock and built the first card
board prototype. It combined basic functions of an alarm
clock she had at home with new ideas, such as Super Mario
Music and a shaking pillow. We built these prototypes out of
a necessity for props in acting out the “wake up” scenario.

Since these ideas were rooted in very classical aesthetic and
functional expectations, our 10th session had the aim to care-
fully open up the design space. To explore more potential
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forms and functions of the whole alarm system we chose to
combine elements of technology immersion (as in [8]) with
our established role-play activities to develop hybrid, semi-
functional prototypes. To this end we planned to introduce
LittleBits4, an easy to use electronic tool kit that allows creat-
ing simple sensor-actuator systems by combining ready-made
building blocks.

Next to the established routines (reviewing pictures from the
last session and documenting what we have done in the end),
we created a space for discussing the previous ‘research exer-
cise’ and tasks Mia might have completed in between sessions,
if she wanted to.

We planned to introduce LittleBits, since they offer a large
choice of inputs and outputs and could broaden Mia’s un-
derstanding of the interactive potential of her alarm system.
However, we expected that introducing them all at once would
have overwhelmed Mia and have an intimidating effect on her
contrary to the empowering and inspiring effect we desired.
Hence, engaging with the LittleBits was facilitated in two dis-
tinct phases: First, an exploration of possibilities and second,
the determined use of LittleBits as design material. This would
ensure that Mia would feel comfortable with the material when
using it in her own creation. We planned to hand out a subset
of sensors and actuators along a set of tasks with increasing
complexity. At the start, we would first show different sensors
and let her choose any except buttons to encourage her to step
out of well-known interaction paradigms. Then, she would
have to combine two input modes until she was free to explore
different combinations on her own. When she would feel com-
fortable in that exploration, we would suggest thinking about
the LittleBits together with the cardboard prototypes from the
last session in order to create hybrid prototypes that were also
semi-functional.

These hybrid prototypes would then function as props for
another play-through of the “wake-up” scenario. Mia could
explore how the semi-functional props took up some of the
pretend play and we could observe how well these worked.
Additionally, we could see how she would integrate potentially
new interaction paradigms in her play and subsequent morning
routine. These play-throughs would also help to iteratively
test the generated ideas in a well-known scenario. We would
then assemble a list of materials required to build the system.
This would tell us more about Mia’s mental model of the
important parts of the alarm clock and the vibrating cushion.
Through the discussion of components at this level, we would
learn more about how Mia specified her invention and make
decisions that are often made implicitly by designers explicit,
which opens them up for collaboration.

Table 1 summarises the elements that we planned on using,
alongside with the basic rationale and how they were adapted.

How the session unfolded
At the beginning of the actual session Mia was tired and in a
bad mood. The Active Observer gave her space to talk about
her concerns and only then presented her with the photographs
of the last session. Mia and her Play Partner started to laugh
4http://littlebits.cc

and grimaced again. This warm up routine not only helped
Mia to feel comfortable, but it also sparked her enthusiasm to
work with us.

The Active Observer first gave a systematic overview over
the diverse electronic features the LittleBits offer. Then Mia
tested each component one by one along given tasks, increas-
ing in complexity according to our plan. She then was asked
to choose four different sensors or buttons as appropriate func-
tions for the designed alarm clock. At first, she was confused
about this task and did not know how to make an informed
decision. Encouraged by her design team, formed by her Play
Partner and her toys, Yoshi and Toad from the Super Mario
Universe, they made a decision. She enthusiastically played
out how Yoshi and Toad offer their opinions on the different
features of the various electronic components, giving her a
vehicle to structurally debate advantages and disadvantages of
each single component.

However, afterwards she refused to create props including
the chosen components. Mia wanted to skip the prototyping
activities and move directly to the next activity on the schedule,
her favourite task of acting out of the “wake up” scenario. The
Active Observer decided to move on and suggested to act out
this well known scenario and then continue to make new props
for it.

In preparing the scene, Mia and her Play Partner chose card-
board, cloths and bubble wrap as materials for the alarm clock.
The Active Observer offered them on a separate table. Proto-
typing with electronic components merged with role-play and
the known scenario framed our activities, offering Mia more
structure to feel safe while being confronted with a variety
of materials and the unknown complexity of LittleBits. Act-
ing happily in the known role, Mia came up with new ideas
for her alarm system that resulted from her exposure to sim-
ple electronics and the interaction with the resulting hybrid
prototypes.

For example, while she danced to the alarm music, she decided
to turn off the alarm clock by stepping onto a mat. This was
inspired by the haptic affordances of the bubble wrap placed
under a cardboard. We could then establish together that
we would need a sensor under that mat that recognises her
standing on it. While she set an alarm at six o’clock in the
morning, Mia showed that she preferred having one button
that she would press six times. At the end of the session she
was very excited to present her new ideas to the teacher.

Describing the session in practice gives a detailed impression
on how our preparations addressed Mia’s specific needs and
how ad-hoc changes to our plans stemmed from previous
experiences, the separation of our own roles, our expertise and
the existing methodological repertoire.

A VISUAL SESSION PLANNING TOOL
Reflecting on our own process of how we planned sessions,
we created a visual tool intended to support designers in devel-
oping participatory design activities in a similar manner. The
tool allows to systematically blend methodological building
blocks and appropriate them from five main perspectives: the
child, the designers, the context, previous work and available

Research Concepts & Participatory Design IDC 2017, June 27–30, 2017, Stanford, CA, USA

43



Figure 3. Blueprint of the visual tool

methodological repertoires. The format of the tool is inspired
by a board game with hexagonal cards of different colours
which can be arranged and re-arranged on a grid to guide
designers in constructing a holistic picture of diverse perspec-
tives of considerations that influence planning. The cards
themselves can be re-used and adapted to fit other contexts.
Figure 3 presents the blue print of the tool.

The playing field at the centre of Figure 3 is where cards from
the five perspectives can be combined. There exist two distinct
methodological repertoires from which designers can take
techniques and tools to start planning: one is the general reper-
toire which is filled by techniques and tools the designers are
familiar with or that exist in literature. The second is a reper-
toire that is built up over the time of collaboration with this
specific child. It consists of techniques and tools that already
were interpreted for this child and the context. Child cards
describe specific characteristics of the child. The majority
of child cards gets generated at the begin of a collaboration,
based on the profile and contextual enquiry. However, new
cards can be added as the collaboration unfolds and designers
foster a stronger relationship with the child. Cards that cap-
ture previous outcomes represent ideas, issues, prototypes or
scenarios that can be referred to or built upon. Context cards
describe the physical setting in which the work takes place,
the available range of raw materials and more broadly the
relevant context in which the work is being conducted (project

structure, schools etc). The final group of cards describes the
perspective of the designers. In particular, this includes their
goals, expertise, skills and the different roles they assume in
the collaboration.

In planning a session, designers start choosing tools and tech-
niques from the methodological repertoires that support the
overall aim of the next session. Next, cards from the remain-
ing four categories are brought in to describe the ways in
which the methodological building blocks need to be merged,
adapted or re-interpreted. This can lead to the creation of new
cards representing child-specific techniques or tools, which
are derived from those in the generic pool. Such new cards can
also emerge through post-hoc reflection on the actual session.
As our example above shows, designers often need to fluidly
change their initial plans and respond to the situation in-situ.
In these cases, new cards can describe an emergent technique
or tool, or a characteristic of the child that became apparent,
or a contextual feature that shifted the process. All these cards
are fed back into the five pools of cards which form the basis
for subsequent planning. Importantly, this includes cards that
describe the outcomes of the session, e.g., ideas and concepts
generated.

The planning tool in use
We now retrospectively apply the tool to the planning of the
session we described above, and demonstrate how it would
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Figure 4. Applying the visual tool to design a session with Mia

have allowed us to systematically develop the next session -
figure 4.

An initial set of cards describes aspects from each of the five
perspectives. These cards have been created during the collab-
oration with the child, for example informed by the contextual
enquiry phase in the beginning of the work. At this point in the
process, we already have a wealth of cards describing Mia, her
interests, her no-go’s and characteristics. We also can build on
previous outcomes, such as the card board prototypes and the
basic concept of an alarm system. The child specific method-
ological repertoire is already populated with techniques that
have been previously effective for engaging Mia, for exam-
ple the warm-up routine and the role-play scenario. Context
and the designers’ perspectives have remained stable over the
course of the collaboration.

The initial selection of techniques and tools is guided by our
overall goal for the 10th session of opening a creative space
for novel technological functions. From our general method-
ological repertoire, we chose the techniques of technology
immersion and material inspiration as well as different tools
like electronic components and handicraft materials.

Interpreting generic techniques and tools for this session leads
to the creation of new, child specific techniques, e.g., struc-
tured technology immersion or prototyping as a prop for role
play. These are developed considering the larger network of

considerations from the four remaining perspectives: the child,
previous outcomes, context and designers. For example, struc-
tured technology immersion considered that Mia required time
and structure to be introduced to new materials, particularly if
they offered many options. Some of that structure comes from
previous outcomes and experiences in the design process. Ad-
ditional structural support comes from the well-known roles
the designers play and the usual physical setting in which the
session is conducted. We also tailor the selected tools to spe-
cific requirements to reduce potential confusion. For example,
we balance novel with well-known handicraft materials and
include her favourite colours.

We blend prototyping with role-play and Mia’s preference
for acting out scenarios. Prototypes then become props for
role play, constituting a new, child-specific technique. We
embed newly introduced materials in the wake-up scenario,
with already ritualised role play activities to quickly test the
prototypes created. We supplement Mia’s need for structure
through well-known components, such as the visual sched-
ule and the presentation of outcomes to the teacher after the
session.

After the session we replenish the sets of cards with new ones
describing outcomes and child specific techniques and tools,
e.g. the concept of a floor mat to switch the alarm off and the
ideas around setting an alarm with a single button. While not
planned, two child specific techniques emerge upon reflection:
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Figure 5. Tools and Techniques in OutsideTheBox

Research Concepts & Participatory Design IDC 2017, June 27–30, 2017, Stanford, CA, USA

46



Firstly, to ask Mia’s toys for an opinion is a technique that
could be useful in situations in which direct questions will
socially overwhelm her. Secondly, using the “wake up” sce-
nario as a narrative frame for creating prototypes, rather than
for testing prototypes became a powerful technique to give
Mia more inherent motivation to build things.

REPERTOIRE OF BUILDING BLOCKS
The above detailed the design case of Mia and exemplified the
use of our visual tool for planning sessions. Looking across
all our collaborations, we have identified a wider range of
building blocks that formed our overall repertoire of tools
and techniques in OutsideTheBox. Figure 5 presents these,
organised along their intended use time in the design process:
contextualisation, ideation & inspiration, conceptualisation,
prototyping, refining & testing, and evaluation.

We deliberately use the same terminology as Sanders et al.
[23] to distinguish between approaches, methods, techniques
and tools. While approaches reflect broad strategies, methods
are structured activities which may be comprised of different
techniques that are purposefully combined and supported by
tools. Other than our collection of building blocks, the frame-
work by Sanders et al. proposed to categorise techniques along
their intended purpose to distinguish between probing, prim-
ing, understanding and generating. While these categories also
resonate with our building blocks, we have found many tech-
niques working across them. Hence, we decided to organise
them along the time they have been used in the design process.

The techniques included here are components of other methods
that appear in various forms in existing literature, for example,
in Fictional Inquiry [7], Co-operative Inquiry [8] or Contextual
Mapping [29]. Others are general techniques, widespread in
design, such as brainstorming, interviews or collages. They
all are conceptually not fully fledged PD methods in their own
right, but can be purposefully combined to make up activities
that form a coherent method.

Our methods are supported by a multitude of tools. The variety
reflects not only the diverse expertise and background of the
research team, but also the diversity of needs and abilities
of the children we work with. As such, their visualisation
represents the physical suitcase full with prototyping materials,
electrical components and other tools (some of which are
depicted in Figure 5), we bring to every session. Having such
a large fund of tools available during the sessions enables us
to be flexible according to a child’s specific needs in a specific
moment.

Techniques and tools combined represent the building blocks
we blended and combined at various stages in our design pro-
cess. The range of techniques presented here, thus, reflects
the particular work we do - participatory design with autistic
children. They also serve as a snapshot of our current reper-
toire. Visualising the techniques and tools we have used so
far also lets us reflect on our choices and provides options for
expansion. When encountering a child with needs and abilities
not yet reflected in our repertoire, we can expand it appropri-
ately. In that, the visualisation comprises a summary of the

diverse range of needs and abilities researchers and children
bring together in OutsideTheBox.

CONCLUSION
In this paper we have argued for making methodological
choices and appropriations in participatory design processes
more transparent. While others have repeatedly made the case
that PD methods are not meant to be off-the-shelf components
[23], the process of choosing, re-interpreting, adapting and
blending techniques and tools is often left un-reported. To
fill this gap, we have proposed a visual tool for designers to
plan PD activities and sessions. It is informed by a critical
reflection on our own practises in designing smart objects with
autistic children, where we found ourselves fluidly tapping
into a repertoire of techniques and tools to develop a series of
PD activities that were tailored to the child, the context and
our own expertise. Importantly, we also found ourselves flex-
ibly responding to the outcomes of previous sessions which
significantly shaped the planning of the next activity.

To reflect this process and to increase the transparency of the
judgements involved, our visual tool takes the form of a board
game on which designers can combine cards from the differ-
ent perspectives we identified above. It allows designers to
systematically plan PD activities and become aware of the
multi-faceted considerations that are required. It also makes
designers aware of their continuously growing repertoire of
methodological building blocks they can tap into. We demon-
strate how this tool might work by retrospectively applying it
to the planning of a session in our design case.

We argue such a tool has the potential to make contributions in
at least three ways: firstly in facilitating the planning, but also
the constructive reflection on design processes. Secondly, it
provides a systematic and transparent means to document pro-
cesses and finally, it can facilitate the communication within
and outside the design team.

Taking a step back, we also sought to identify the building
blocks of our own repertoire within this project. These build-
ing blocks are not full fledged methods, but techniques and
tools that are meant to be combined and blended to lead to a co-
herent and situated participatory approach. While the selection
we present is limited in scope, we argue that it can neverthe-
less be useful for others in search for their own repertoire of
methodological building blocks.

As with the selection of tools and techniques, the arguments
in this paper are made from within the context of participatory
design with autistic children. However, we argue that they
hold true for a wide range of participatory work, which will
benefit from increased transparency in the development of
their methodological approach.
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The emergence of ‘third paradigm’ Human–Computer Interaction (HCI) was driven by the short-
comings of existing approaches to adequately describe and understand the ways people interact
with a new breed of pervasive digital technologies in everyday life. In response, new approaches
became situated, value-driven and participatory with a shift towards studying HCI in the wild.
With technology reaching into every aspect of our lives, the ethical and moral responsibilities of
designers and researchers have increased. However, while HCI’s design and research methodology
have become fluid and responsive to reflect the paradigm shift, ethics is still widely interpreted as a
static, anticipatory and formalised process. In this article, we address this gap and propose In-
Action Ethics as a novel framework that links anticipatory ethics with the practice of HCI
research. We start by laying out the foundations for In-Action Ethics by reviewing relevant work
in ethics and moral philosophy, and discuss the current state of ethical perspectives in HCI, Action
Research and Responsible Science and Innovation. We provide two examples from our own work
to show how situated, explorative and design-oriented HCI projects raise issues of ethical import-
ance that formal ethics is struggling to manage. On the basis of our experiences and those of
others, we start developing key qualities for an In-Action Ethics framework and show how those
qualities can be operationalised in relation to the realities of existing structures by introducing the

concept of ethos building and care.

RESEARCH HIGHLIGHTS

• Commonly used anticipatory and formalised ethics processes are insufficient to respond to third para-
digm HCI ethical dilemmas.

• Based on related literature and experiences from our own work, we develop qualities for a new ethics
framework to fill this gap.

• In-Action Ethics is situated and responsive, extending existing ethics structures that continue to pro-
vide important safeguards.

• The concept of ethos building is introduced as a way to operationalise In-Action Ethics.
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1. INTRODUCTION

The pervasiveness of technology in our lives demonstrates just
how intertwined its role is with many different aspects of our
lived experience. Consequently, the ethical and moral responsi-
bilities of designers and researchers in the field have increased
sharply as their technologies are not isolated phenomena, but
shape societies and being human are (cf., Sellen et al., 2009).
However, while our research and design approaches have
adjusted, shifted and evolved to respond to the new challenges

arising from these new application areas and opportunity
spaces, we argue that ethical concerns are still managed in the
mindset of past paradigms where pre-defined requirements
determined methods and outcomes. While technology design
has become explorative, situated and responsive, the accom-
panying ethics processes largely remain static and anticipatory
(see also the discussion in Munteanu et al., 2015). This article
is precisely about this gap and possible ways to complement
existing ethics structures and processes to close it.
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The field of human–computer interaction (HCI) has under-
gone a number of fundamental paradigm shifts, each rooted
in the diversification of possible applications of increasingly
powerful computing technology and the resulting necessity of
being able to describe, understand and design for these new
application areas. Harrison et al. (2007) have used the sem-
inal work on scientific revolutions by Kuhn (1970) to critic-
ally reflect on HCI research and have identified three major
paradigms: the engineering and human factors paradigm, the
cognitive revolution paradigm and finally the emerging situ-
ated perspectives paradigm. This last paradigm sees ‘inter-
action as phenomenologically situated’ (Harrison et al.,
2007), which accounts for the wide range of real-world situa-
tions and contexts in which people use technology driven by
a multitude of motivations. This shift destabilised the epis-
temological foundations of HCI and consequently had signifi-
cant impacts on the methodology used. Various strands in the
philosophy of science have influenced our understanding of
HCI research and informed our efforts to underpin this shift,
e.g. constructivism in that knowledge is socially constructed;
phenomenology in the way we interact with our environment;
pragmatism in terms of real-world relevance; feminist think-
ing in that nothing ever is free of ideology; or critical realism
in that knowledge is stratified (e.g. Bardzell and Bardzell,
2011; Dourish, 2001; Frauenberger, 2016; Harrison et al.,
2011).
Third paradigm HCI consequently recognises designers

and researchers as active, human stakeholders, rather than
invisible, rational facilitators. It acknowledges the provision-
ality of the knowledge that it generates and the centrality of
values as motivational drivers for designers, researchers and
users. It borrows methods from ethnography, action research
and sociology more generally, and has developed its own,
mainly mixed methods approaches to understand the new
roles of technology. Design thinking, as a way of creating
things in context, has sought to broaden the narrow focus on
function and performance and the participation of users and
other stakeholders in the design process increasingly is given
room for pragmatic and ideological reasons. As a conse-
quence the process and its outcome are becoming inseparably
entangled: research through (participatory) design makes it
impossible to consider the ethics of engaging users without
also addressing the ethics of the emerging outcome.
The shift in HCI has been fundamental and many of the

new perspectives provide scope for an ethical discourse about
what impacts technologies have on individuals or society at
large, and consequently what responsibilities the creators
have. Value-sensitive design, for example, explicitly draws
attention to the values all stakeholders bring to the table when
designing technology and calls for a reflective practice that
make these values transparently available in the process
(Friedman et al., 2008). Most interpretations of participatory
design (PD) too have strong moral agendas, promoting dem-
ocratisation, empowerment and co-determination (Ehn, 1989).

As Steen (2014) rightly remarks ‘When we open the ‘black
boxes’ of design practices, we find them filled with ethics’.
However, many of these qualities remain implicit and uncon-
nected to the formal ethics processes that typically accompany
projects. We argue that, while formal ethics procedures are
important safeguards and support researchers in planning their
work, they are not sufficient on their own to manage the eth-
ical dimensions that emerge from a situated understanding of
HCI with all its epistemological and methodological conse-
quences. Work in HCI has become dynamic, unpredictable
and participatory so that we need to extend our approach to
ethics to reach into these processes and practices. We have
called the approach we propose to address this In-Action
Ethics, referring in part to Schön (1983) and his notion of
how knowledge is tacit in action. Munteanu et al. (2015)
have recently called for the future development of a ‘situ-
ational ethics’ framework, motivated by observing the same
gap between formal ethics and practical HCI work. Building
on the same argument, we aim to make progress in develop-
ing such a new framework for HCI, but suggest that In-
Action Ethics is a more appropriate term. It emphasises the
inseparability of ethics and design as an activity and is broad-
er in scope as it shifts the focus from the situated subject to a
deeply interwoven and participatory practice. We start con-
structing In-Action Ethics by defining its essential qualities
which we derive from archetypal ethical concerns in modern
HCI projects. Subsequently, we go on to discuss how In-
action Ethics can be operationalised within the reality of
existing ethics structures through the concept of ethos. While
this discussion focuses on an academic research context, we
argue that more applied HCI work in industrial contexts
would benefit from a discussion along similar lines.
We start by providing a synopsis of relevant ethics

research. Subsequently, we examine the ethical dimensions in
current, third paradigm HCI work and highlight the parallels
to the debate around ethics in Action Research. We continue
by grounding the discussion by providing examples from our
own work which highlights ethical dilemmas that are difficult
to manage within a purely anticipatory ethics regime.
Responding to these challenges, and those identified by
others, we develop the In-action Ethics framework and dis-
cuss how it can be operationalised and its possible limitations.
We close by summarising our contribution and laying out
future work.

2. BACKGROUND

While ‘ethics’ as a term is broadly used, its interpretation and
conceptualisation differs widely. To embed our argument in
relevant work, we start by offering a working definition of
ethics and discuss its use in science and research.
Subsequently, we provide a semi-historical account of the
major ethics frameworks, their developments and critiques.
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By this, we are able to highlight how similar meta-physical
arguments have driven HCI and the field of ethics towards
more situated understandings in their respective contexts. We
then investigate the implicit roles of ethics in contemporary
HCI and show how ethical concerns are ingrained in some of
the major approaches in the field, such as PD, value-based
design or feminism. We also discuss how related professional
bodies have responded to the need for appropriate ethical con-
duct and refer to recent HCI literature that demonstrate the
field’s raising awareness of the existing need to evolve our
approach to ethics.
Action Research (AR) shares some of the intentions, meth-

ods and underlying philosophical positions with modern HCI
work. Thus, we continue by reviewing the ethics discourse in
AR and show how it links in with the argument we are mak-
ing here. Policy makers and funding agencies have recently
engaged in discussing ethics as an integrative part of a more
holistic perspective which has led to the development of the
Responsible Research and Innovation (RRI) framework, dis-
cussed in Section 2.5. RRI too puts forth similar arguments
around flexibility and responsiveness, albeit on a higher level.
Finally, we briefly review the current standard approach to
research ethics in HCI. We discuss its historical origins and
its focus on ‘doing-no-harm’, before exemplifying its contem-
porary implementation in the European Union’s research pro-
gramme Horizon 2020.
We close this background section by providing a critical

synopsis that opens the gap and establishes the need for an
evolved approach to ethics in HCI. Together with the exam-
ples from our own work that follow in Section 3, this synop-
sis provides the starting point for developing In-action Ethics.

2.1. What is ethics?

Ethics as a discipline is the philosophical and systematic
study of morality which is expressed in enquiries into the
nature of the good life, how we should live, what kind of
society we want to live in, and how we should treat others
(Frankena, 1973; Williams and Moore, 2006). This kind of
ethics is expressed in normative ethical theories which can
provide frameworks for assessing how people should act in
particular situations. In a research context, ethics is broadly
used to refer to the normative and regulatory tool kits that
provide guidance to constructing good research practices and
to the processes related to obtaining research clearance.
Research ethics comprises a rule-centred activity which leaves
little room for reflection. In practice, this kind of ethics mixes
both ethical and legal considerations and its focus is on pro-
tecting human participants in research as well as the research-
ers themselves and their institutions. This is the type of
formal ethics that characterises the work performed by
research ethics committees, or, institutional review boards,
which we call formal and anticipatory in this paper. Finally,

on the level of practice, such as in PD, the meaning of ethics
seems to be closer to that of ethos, a moral commitment or
stance, or a moral attitude that underlies a particular practice.
Such a stance is ingrained in the practice, it guides it from
within, but it is not necessarily sufficient in providing ethics
guidance on its own, as other practices and restraints (such as
those of the scientific community, academic institutions,
requirements of funding bodies, legal frameworks, etc.) might
impose their rules and requirements on the practice.
Moreover, an ethos might be misguided and in need of
correction.

2.2. Frameworks and developments in ethics

Approaches to studying ethics can be classified in various
ways. In academic ethics a division is sometimes made
between theoretical and applied ethics (Singer, 1986) to dis-
tinguish between the various kinds of foci that ethical investi-
gations can have. In this distinction, theoretical ethics refers
to the analysis of moral concepts such as ‘good’, ‘bad’ and
‘right’, ‘wrong’, ‘responsibility’, etc. Theoretical ethics,
referred to also as meta-ethics, also concerns itself with the
fundamental question whether morality can be said to exist in
the first place or whether moral judgements can be justified in
any objective way similar to those in which our factual judge-
ments can be justified (see, for example, Frankena, 1973).
Often, as Almond writes, ‘ethical theory is limited to a kind
of moral ontology or epistemology: a theory of moral knowl-
edge which concerns itself with ethical language and its uses
and conventions, while applied ethics is confined to the par-
ticular and concrete’ (Almond, 1995, p2). Somewhere in-
between theoretical ethics and applied ethics lie the main the-
ories of normative ethics which attempt to ‘discover, formu-
late and defend the most fundamental principles about
morally right action’ (Feldman, 1978, p. 10) and have as their
goal to answer in a rational, coherent, anti-dogmatic and argu-
mentative way what people should do (Almond, 1995; Borry
et al., 2007).

We identify three developments in the history of philoso-
phy that characterise ethical theorising in the last four dec-
ades. The first of these developments deals with the increased
interest in practical ethical problems, where the focus of the
attention shifted in the early 1970s to ethical issues that arise
in life’s various contexts, such as medicine, the professions,
family life and engineering (see, for example, Held, 1989;
Singer, 1986). The second development is the emergence of
feminist critique to normative ethical theories which gave rise
to the body of ethical debate known today as ethics of care
(see, for example, Gilligan, 1982; Held, 1993). The third
development relates to the first two and it deals with the role
and relationship of formal principles and empirical knowledge
in moral philosophy and applied ethics in particular and it has
come to be known as the empirical turn in ethics (see, for
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example, Willems and Pols, 2010). Below, we will discuss
these three developments in more detail.

2.2.1. Applied ethics
The attention on practical ethics, or applied ethics, is by no
means new as such to ethical investigation (see, for example,
Almond, 1995; Held, 1989; Singer, 1986). It had only faded
into the background of academic philosophical ethics for the
best part of the twentieth century when academic ethics was
preoccupied with meta-ethical theorising (e.g. Moore, 1903),
particularly debating the meaning of terms used in the lan-
guage of ethics and whether statements in ethics would be
truth-apt1 or not. Throughout its history, beginning with the
ancient Greeks, moral philosophy has always (also) been
interested in practical matters such as the foundations of a
good society. What have contributed to the attention to
applied ethics as Almond wrote in 1995 are ‘new technolo-
gies, revolutions in communication, new weapons of indis-
criminate destruction, and unprecedented increase in the
impact of humans on their environment and support systems.’
In particular, the rapid development in the field of medicine,
including the methods and technologies surrounding repro-
duction and those affecting the end of life gave rise to an
increased interest in applied ethics, not only theoretically, but
also as a source of guidance in countering genuine real-life
ethical problems.
The new attention to practical ethics brought about vast lit-

erature addressing applied ethics and real-life issues. In the
field of medicine, in particular, the four-principles-approach
introduced by Beauchamp and Childress (2001) (the first edi-
tion appeared in 1979) gained in popularity as it promised to
provide a tool for everyone interested in ethics and ethical
controversies in the field of medicine to discuss ethics and
solve real and pressing problems in a systematic way. The
four principles of autonomy, benevolence, non-maleficence
and justice were quickly established as aids in moral decision
making in the context of medical care. However, by the
turn of the millennium the principle-based framework had
experienced what one of its advocates Gillon (2003) termed
‘a backlash by some bio-ethicists against this approach, with
among others, adherents of feminist ethics, narrative ethics,
virtue ethics, and various varieties of regional ethics claiming
to offer better approaches to medical ethics.’
Both the ethical theorising in applied ethics and the atten-

tion given to particular kinds of issues were called into ques-
tion by the critique. There appears to be a discrepancy
between what people perceive as ethical issues in their every-
day lives and work and those that presented in the media.
Typically, the popular media attention to ethics centres on the
catastrophic and extreme, life-and-death issues. This helps

cloud the fact that there are important, although less extreme
issues that prevail in contexts of work and everyday life that
nevertheless deserve to be identified as ‘ethical’. These are
the very questions that concern people’s private and profes-
sionals lives that are at risk of becoming invisible if we rely
on a focus on the extreme in addressing both medical and
engineering ethics issues. Arguing from the perspective of
nursing home care, Powers (2000) points out that attention to
commonplace ethical issues remains limited due to formalised
ethical decision making in clinical (nursing home) ethics com-
mittees turning to difficult life-and-death issues. Powers
(2000) called for a greater scope for what counts as an ethical
matter in nursing home settings; however, this can be inter-
preted as a general plea for more situated and contextual
approaches to recognise the significance of ethical dimensions
in all human interaction.

2.2.2. The feminist/constructivist critique
As a second recent major development in moral philosophy
we identify the feminist critique on established and traditional
moral theory. Dating back to the early1980s, this perspective
evolved from the pioneering work of Carol Gilligan and her
now classic text In a Different Voice (Gilligan, 1982).
Gilligan based her work on interviews with women and dis-
covered a way of addressing ethics and a moral imperative
which was different from the conception of morality that cen-
tres on competing rights, something compatible with the dom-
inant view of normative theories and often attributed to a
male perspective to ethics. Gilligan writes: ‘In this concep-
tion, the moral problem arises from conflicting responsibilities
rather than from competing rights and requires for its reso-
lution a mode of thinking that is contextual and narrative
rather than formal and abstract. This conception of morality,
as concerned with the activity of care, centres moral develop-
ment around the understanding of responsibility and relation-
ships, just as the conception of morality as fairness ties moral
development to the understanding of rights and rules’ (ibid,
p. 19). Following Gilligan, Tronto (1993), Held (1993) and
many other influential authors, the perspective of care came
to draw attention to the place of context, relationships, narra-
tives, responsibility, and particularity in moral thinking. In
sum, the various versions of ethics of care, as observed by
Verkerk (2007), ‘contain at least the two following assump-
tions: (1) the main characteristic of human existence is rela-
tionality and is valued as such and (2) moral reasoning is
characterised by moral sensitivity, attentivenesss and connect-
edness’ (ibid, p. 67).

2.2.3. Empirical ethics
The third and most recent development in ethical theorising
that we introduce can be seen as building on the first two.
Although applied ethics was meant to be more focused on
those contexts in which ethical issues arise, these contexts
were typically constructed by social science research. The

1
‘A sentence is truth apt if there is some context in which it could be

uttered (with its present meaning) and express a true or false proposition.’ -
Truth-Apt (2016).
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primacy of normative ethical theory over practice and authori-
tative knowledge of theoretical ethics prevailed in early
applied ethics. The feminist critique and ethics of care called
for more attention to the context and ethicists, who closely
cooperate with participants in particular settings where ethical
issues arise. Parker (2009) summarises the common critique
of ethics theory prevailing over practice: ‘Too little empirical
knowledge is utilised in ethical deliberation and in formulat-
ing policy in the areas of bio-ethical concern’ (p. 202).
An increased focus on the role of empirical knowledge in

ethics has been termed empirical ethics (Musschenga, 2005).
In particular, the area of health care ethics has been shaped by
an ‘empirical turn’ over the last two decades characterised by
the increasing role of empirical research in ethical deliber-
ation. Another shift in the focus of topics can be seen.
Whereas in the early days of applied ethics, the typical health
care ethics concerns centred around life and death issues, the
empirical turn has contributed to the fact that less spectacular
everyday topics have become of interest for empirical ethical
studies (Willems and Pols, 2010). In this way, for example,
nurses’ reasoning on the relationship of the empirical and the
normative, however, a definitive method for combining the
two is yet to be developed (Leget et al., 2009).

2.3. Ethics in HCI

Being literally on the interface between humans and compu-
ters, HCI inherently has ethical dimensions. What designers
do impacts on people—individuals as well as society. There
are different views on how values and morality impact on the
use of technology (Friedman and Kahn, 2003): either through
the intent of the designer, i.e. the designers’ values, embedded
in the technology make people use it in a certain way (techno-
logical determinism). Or that societal factors determine the
use of technology (exogenous position) or that it is a dialectic
process in which designers’ intent and societal context inter-
act to determine technology use, which seems to be the pre-
ferred reading now. In any case, HCI has no longer any
excuse to not be concerned about the values that are embed-
ded in its processes and artefacts, and how they interact with
society. What used to be good enough in the human factors
paradigm, namely how to optimise usability, is not sufficient
anymore as we become aware that usability can also work
against fundamental human interests. The tension between the
human rights to privacy and tailored Internet search results
provides a timely example.
In response, most professional bodies as well as related

funding bodies have developed regulatory ethics guidelines,
the ACM Code of Ethics (ACM, 2015), for example, or the
ESRC2 Framework for research ethics (ESRC, 2015). These

guidelines set out some fundamental moral positions, like to
‘protect fundamental human rights and to respect the diver-
sity of all cultures’ (Section 1.1. ACM, 2015) or very specific
guidance for research procedures, like seeking informed con-
sent from participants including regulatory oversight by
research ethics committees (cf. ESRC, 2015). What is strik-
ing, however, is that the focus in these guidelines lies either
on fundamental moral positions which can only be operatio-
nalised in the spirit of virtue ethics, or on formalised, antici-
patory ethics procedures which leave little room for the
ethical dilemmas that arise in design-based explorations of
technology, as argued above. Dearden (2013), for example
states: ‘None of these professional codes discuss harms that
might arise in exploratory research.’ (p. 4) discussing the
shortcomings of professional codes in guiding researchers in
the context of Information and Communication Technology
and dealing with daily ethical nursing dilemmas has been
studied relying on quantitative methods of social research
(Casterlé et al., 2004), allowing their decision making pro-
cesses to become visible and available for developing ethics
in nursing. Much research interest currently focuses for
Development (ICT4D). Within the same context of ICT4D,
Sterling and Rangaswamy (2010) provide an example for the
limitations of formalised conceptions of informed consent,
arguing that a more dialectic approach is needed.

Like most ethics in (former) engineering fields, profes-
sional codes tend to see creating technology as a form of
social experimentation (Martin and Schinzinger, 2010, p. 77),
i.e. technology is created by ‘good’ designers and then intro-
duced to society in good faith, but with some uncertainty
regarding the effect ‘in the wild’. We think it is fair to say
that much HCI research operates on this ethical basis. In con-
trast, Devon and van de Poel (2004) see design as a social
activity and consequently propose a social ethics approach
that focuses on processes and social arrangements in design
as the basis for decisions which shape the outcomes. They do
not deny that individual ethics has its merits, but that it is
powerless if it is not complemented by a social ethics
approach. Bratteteig and Wagner (2012) provide a compelling
example for the significance of social arrangements as they
have investigated the power-relationships between stakeholders
in a PD process and their tacit impacts on design decisions.

While taking a more individual perspective as a starting
point, value-sensitive design (VSD) became an important
influence in the third paradigm HCI (Friedman et al., 2008).
VSD postulates that each of the stakeholders, but most
importantly designers themselves, bring a certain set of values
to the table and that processes need to allow for them to
express and negotiate these values to transparently inform
design (cf. Halloran et al., 2009). ‘Folding human values into
the research and design cycle.’ , as Sellen et al. (2009) put it.

2While the UK Economic and Social Research Council’s main focus does
not lie on technology or design, its social research standards are the guiding

principles by which related funding bodies assess ethics in proposed research
projects that involve human participants, such as HCI.
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Closely related is reflective design (Sengers et al., 2005),
which builds on critical theory and seeks to draw out values
of designers and users by making technology itself a vehicle
for reflection.
While VSD is in principle open for all kind of moral posi-

tions and is concerned about values of ethical import, PD, at
least in the stricter Scandinavian interpretation, in itself repre-
sents a moral standpoint or ethos. Originating in the
Scandinavian labour movement, values such as democratisa-
tion, empowerment and self-determination are deeply inter-
woven with, or in fact the drivers for, the practice,
methodology and epistemology that the field has developed
(Bødker et al., 1987; Ehn, 1989). In more recent years, PD has
increasingly been interpreted in a more pragmatic sense, seem-
ingly detaching it from its ideological heritage (see Kensing,
2003, for a discussion). However, some argue that values are
at the very heart of the practice: Iversen et al. (2012), for
example, see values as the central pillar around which collabor-
ation is organised. Values emerge from a dialectic process with
stakeholders, are further developed in co-design activities,
grounded in the practice and ultimately realised.
PD’s own ethos, moral commitment and moral attitude, is

ingrained in its practice and, thus guides it from within. Steen
(2014, p. 9) sees ‘promoting cooperation, collaborative curios-
ity, collaborative creativity and empowerment’ as the key vir-
tues needed in PD. The fundamental principles that underlie
PD have been usefully elaborated by Robertson and Wagner
(2012). These principles—which can also be called the moral
basis of PD—include: (1) recognising that those who do a par-
ticular activity know most about how it gets done; (2) the
importance of mutual learning and the development of shared
understandings between designers and other participants; (3)
the need to involve multiple voices and equalise their expres-
sion, of ensuring active and emancipatory participation, of tak-
ing a stand; (4) working with participants to represent their
own actions—both current and desired future actions; (5)
recognising that design will always be completed in use.
From a PD perspective, regulation-driven and formal

approaches to research ethics often fail to offer appropriate
guidance, because they miss an important point about the
underlying ethos of the approach. This rather fundamental
dichotomy between PD and the more formal, regulatory
approaches to ethics can be described as the tension between
the notions of human subjects and human participants.
Addressing ethical decision-making and Internet research,
Markham and Buchanan (2012) state that ‘[T]he concept of
‘human subjects’ is a persistent and contentious example of a
dialectical tension between disciplinary/regulatory models
and context- specific sensibilities’. The regulatory framework
focusing on human subjects implies the need for protection
from harm, while participatory approaches emphasise
empowerment. Or over-simplifying it, while regulative ethics
anonymises human participants for their protection, PD is all
about giving them a face and a voice to empower them.

Equally, feminism has brought into HCI not only a philo-
sophical debate around knowledge and ‘science’, but also a
strong moral position in and by itself. Bardzell and Bardzell
(2011) sketch a feminist methodology for HCI in which they
reject moral objectivity with its claims to perspective-
independent truth claims in the same way as constructivists
argue for scientific knowledge. While fundamentally dialect-
ically constructed, rather than transcending from an
unaccountable distance (compare Haraway, 1988, who called
this the ‘god-trick’), feminist HCI defends fundamental moral
values which are, much like those in PD, concerned about
notions of justice and fairness.
The field of HCI and its relationship to formal ethics proce-

dures is currently hotly debated (e.g. Davis and Waycott,
2015, as the latest of a series of workshops on the topic).
Munteanu et al. (2015) seek to show through a number of
case studies that ‘contemporary HCI research often does not
fit traditional or static ethical templates’. Arguing along the
same lines as this article, they show the inadequacy of current
ethics procedures and formalise some recommendations and
call for the future development of a ‘situational ethics’ frame-
work. Central to those recommendations is the ability to stay
open and flexible about ethics, e.g. recognising ‘ethical trig-
gers’ which indicate potential challenges in the implementa-
tion of the research or incorporating the possibility of
assessing ethical risks in the field and adapting protocols
accordingly. We fully agree with Munteanu et al. (2015) and
build on their initial recommendations in making our own
contribution to developing a new ethics framework for HCI.
Using a similar approach, the examples below are intended to
reveal some limitations of anticipatory ethics in the context of
third paradigm HCI. We subsequently use these issues to
develop central qualities of In-Action Ethics along with meth-
ods to operationalise them in design practice. As discussed
above, we see In-Action Ethics as inclusive of what
Munteanu et al. (2015) have called situational ethics as it
adds a number of additional aspects to situatedness, most
importantly an orientation towards reflection in action.

2.4. Ethics in action research

Action Research (AR) is an established field in the social
sciences that aims to involve stakeholders to bring about
change within a group, generating valid, situated knowledge
in the process (Greenwood and Levin, 2007). A more precise
definition is offered by Waterman et al. (2001):

Action research is a period of inquiry that describes, interprets and
explains social situations while executing a change intervention
aimed at improvement and involvement. (p. 11)

The fundamental approach of AR consists of iterative loops
of planning, acting, observing and reflecting. Like the third
paradigm HCI, AR has rejected the traditional empiricist
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perspective in favour of highly situated and participatory
science paradigm. Action researchers are typically getting
deeply involved in a social situation, collaboratively negoti-
ate change and co-construct situated knowledge with stake-
holders. Consequently, the epistemological foundation is
context bound and constructivistic, aiming at transferability
rather than generalisability (see Greenwood and Levin,
2007, p. 55ff ).
Williamson and Prosser (2002), who review the political

and ethical aspects of AR within a nursing and health care
context, argue that it is the close relationships between
researchers and participants and the explicit objective to bring
about change that give raise to particular ethical dilemmas.
Firstly, they ask ‘If researcher and participants collaborate
closely, how can confidentiality and anonymity be guaran-
teed?’ which points to the problem that maintaining the pro-
cess and the integrity of the data gathered, and fully
protecting participants’ privacy might become impossible.
Saunders et al. (2014) discuss at length how anonymising
interview data in sensitive contexts is not trivial and requires
carefully individualised approaches. The second question is:
‘If an AR study is a ‘journey’ and ‘evolves’, how can
informed consent be meaningful?’ which directly speaks to
the limitations of anticipatory ethics. Meyer (1993) notes that
the participants’ willingness to take part indirectly endorses
the researchers’ initial ideas for change. What that change
becomes, emerges from within the groups of participants and
is consequently a ‘step into the unknown for individual
players’. Thirdly, Williamson and Prosser (2002) ask ‘As AR
can have political consequences, how can the researcher avoid
doing harm to the participants?’ which resonates with the
argument made by Markham and Buchanan (2012) about the
challenge to protect and empower at the same time in PD.
Change and the questioning of power can be perceived as
threatening for existing structures and unduly exposes partici-
pants, for example to lose their job as a consequence.
Morton (1999) highlights another ethical challenge that is

specific to AR, coming from a Management Science perspec-
tive, which relates to the question of success. If an AR effort
fails in terms of bringing about the change that was hoped
for, it might still be very illuminating in terms of research and
knowledge. What constitutes success might be very different
for researchers and participants, an issue that was also high-
lighted in participatory approaches to HCI (e.g. Garde and
van der Voort, 2012; Sanders and Westerlund, 2011), which
leads to the ethical responsibility of managing expectations in
participants.
There are obvious parallels between AR and the emerging

approaches in HCI (Foth and Axup, 2006) like its emphasis
on situatedness and recognition of values as central drivers of
change-processes. Owing to its longer history, however, AR
has had a more elaborate debate about the ethical implications
of its practices, which have the potential to meaningfully
inform our discussion. Applying AR as a lens on her own

work in HCI, Hayes (2011) identifies a number of similar eth-
ical dilemmas, such as closeness to participants, sustainability
of change or informed consent. While a difference exists,
namely the goal of facilitating change versus creating technol-
ogy, the closing statement of Hayes (2011) shows how inter-
woven these strands of research can be: ‘AR provides a
platform by which researchers can make impact measured not
by publication and citation counts alone but also through sub-
stantial sustainable change.’ (p. 15:17).

2.5. Responsible research and innovation

Responsible Research and Innovation (RRI) has emerged
relatively recent in the context of policy makers as a guiding
principle for governing bodies such as funding agencies (Von
Schomberg, 2013). A succinct definition is offered by Stilgoe
et al. (2013):

‘Responsible innovation means taking care of the future through
collective stewardship of science and innovation in the present.’

While RRI is wider in scope than research ethics, it provides
a useful policy perspective in our context, as it highlights the
difficulties of defining the central normative anchor points for
what society wants research and innovation to do. Stilgoe
et al. (2013) identify four central dimensions to RRI: (1)
anticipation—active engagement with possible futures and
their implications; (2) reflexivity—the capacity of actors and
institutions to critically reflect; (3) inclusion—the involve-
ment of stakeholders or the public; and (4) responsiveness—
the ability to adapt in response to changing circumstances or
new insights. Grimpe et al. (2014) have investigated the rela-
tionship between RRI and HCI through these same dimen-
sions, pointing to many existing HCI methods like VSD, PD
or critical design that embed many of the same qualities (see
also above). They critically compare the RRI agenda with vir-
tues of HCI methods and advocate ‘a pragmatic, ‘unromantic’
understanding of responsible design in HCI as an ongoing
distributed effort of many parties at many levels, i.e. a con-
tinuous strive for shared responsibility’

2.6. Current research ethics and governance

Current research ethics is focused on protecting human parti-
cipants from harm while they are making their time, ideas,
bodies and biological materials available to researchers. The
notion of harm is broadly understood as physical, psycho-
logical, and social. Historical reasons, in particular the large-
scale abuse and cruel treatment of prisoners as subjects of
experimentation in concentration camps during the Nazi
regime, have contributed to concentration on the protection of
people from harm, avoiding all unnecessary physical and
mental suffering and injury. The Nuremberg Code laid down
the main principles according to which research on humans
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must take place (HHS Archive, 2016) and remains the foun-
dation of the prevailing discourse in research ethics which
centres on protecting participants from risk and harm (also
compare Sterling and Rangaswamy, 2010). This is what we,
in this article, consider standard approaches to addressing eth-
ics in research contexts. Such standard approaches were
developed to fit clinical research protocols which allow
researchers to lay down and anticipate the course of their
research as well as the possible ethical issues involved, lead-
ing to the creation of research ethics committees that grant
approval upon review, but do not necessarily get involved in
on-going projects.
In seeking to establish procedures for ensuring ethically,

socially and politically acceptable research, many funding
bodies have adopted ethical review procedures for all research
endeavours that are granted funding. For example, all activ-
ities carried out under Horizon 2020, the European Union’s
largest research and innovation programme, must comply
with ethical principles and relevant national, EU and inter-
national legislation, for example, the Charter of Fundamental
Rights of the European Union and the European Convention
on Human Rights (EU Parliament and Commission, 2013).
For applicants the ethics procedure consists of a check-box
template to identify initial and anticipated ethical issues, fol-
lowed up by an elaborated self-assessment section in the pro-
posal. The self-assessment section is to describe how the
proposal complies with the relevant national legal and ethical
requirements. Moreover, the applicants are required to explain
in detail how they intend to address the identified ethical
issues with regard to research objectives, research method-
ology, and the potential impact of the research (EU
Commission, 2016, p27). The self-assessment becomes part
of the contractual agreement of the research project and may
lead to legally binding obligations which are checked in the
subsequent review process. In such a review process inde-
pendent ethics experts scrutinise the proposal, the ethical con-
cerns it raises and the approach taken to address them in a
panel not unlike institutional ethics committees. The H2020
ethics procedure displays an underlying logic of anticipatory
ethics and it leans on a clinical standard model of ethics
review within the discourse of protection from risk and harm
(compare EU Commission, 2014). The implemented review
system does allow for monitoring and follow-ups for research
projects with particularly serious ethical concerns making
continuous ethics guidance possible, albeit in a highly forma-
lised and heavy handed way.
Standard approaches to ethics, like in the European

Union’s Horizon 2020 programme briefly introduced above,
are largely motivated by avoiding risks and harm and are his-
torically rooted in post-war conceptions of ethics. They pro-
vide little room for dealing with situated ethics issues to
emerge from exploratory research or for discussions around
appropriate value-bases. Thus, they limit research ethics to a
discourse of liability and accountability.

2.7. Critical synopsis

There are striking, underlying parallels in the ways HCI and
moral philosophy have evolved. Both fields have shifted
towards a situated understanding, responding to the need for a
more holistic, but nuanced and pragmatic approach. However,
while in HCI the focus has been on epistemology and meth-
odology, the ethical implications of this shift are only begin-
ning to emerge. Similarly, while the empirical turn in ethics
has led to a new relationship between ethical theory and
empirical knowledge, it has not made much impact on a prac-
tical level, e.g. mainstream regulatory research ethics commit-
tees. Thus, we argue that there is a gap between the shifting
needs of an ethical HCI practice and the theoretical develop-
ments in moral philosophy.
Responsible Research and Innovation (RRI) is a very

recent development that addresses this gap on a policy level.
However, while sketching a broad, overarching frame for eth-
ical research, it is yet to develop mechanisms by which it gets
into the daily practice of researchers. Action Research on the
other hand has powerfully demonstrated what kind of ethical
dilemmas develop in practice, but there is no wider discussion
about how to address these systematically and within the con-
text of existing ethics procedures and protocols.

3. EXAMPLES OF ETHICAL CHALLENGES IN THE
THIRD PARADIGM HCI

Against this theoretical backdrop, we present two examples
from our own work in which the inadequacy of a purely
anticipatory ethics approach became apparent and led the
researchers to actively engage with these tensions. The exam-
ples originate from the sort of work that we argue are arche-
typal for the third-paradigm HCI research. The descriptions
here are meant to be illustrative and we intentionally limit the
level of detail to what is needed to exemplify the challenges
regarding ethics, while referring to other publications for ful-
ler descriptions of the related research projects.

3.1. Give & Take

Give & Take is an international cooperation project with EU
funding to co-design an innovative ICT platform that will
enable senior citizens to reciprocally exchange services. The
overall goal is to create new opportunities for older people to
contribute to society as volunteers and caregivers in their
local communities. The project partners include three univer-
sities, two small-to-medium-sized enterprises (SMEs), and a
local municipality. The project is committed to a PD
approach, where the partners and end-users from primary,
secondary and tertiary segments in two European countries
are engaged in intense co-design activities throughout the pro-
ject’s lifetime. The planned methods included ethnography,
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dialogue meetings, cultural probes, co-design workshops, liv-
ing laboratories and open community laboratories.
As expected from all projects funded by the European

funding agency, the project proposal included a section on
ethics (2/3 of a page). This was written by one of the
proposal-writing support teams (i.e. not one of the research-
ers), drawing on past proposals, and commented on by an
ethics expert at a partner university. The final version out-
lined the key ethical issues to be addressed, noted under
sub-headings: anonymity/pseudonymity; minimal risk; ben-
eficence and benefit; justice and fairness; safety; dignity,
independence and privacy; voluntary and informed consent;
objectivity; personal data handling; respect for autonomy
and self-determination; post-trial management; transparency
in reporting; national frameworks relevant EU and national
legislation. Much of this text was as would be written for
most projects, for example: ‘Beneficence and benefit: The
partners in charge of user participation will strive to con-
struct the engagement of the users so that it will be an enjoy-
able and informative experience for them. Justice and
fairness: Inclusion and exclusion criteria will be formulated
and transparently communicated in the process of recruit-
ment. Participation possibilities are foreseen equally for men
and women. Burden of participation will be kept as low as
possible. There will be no costs involved to the
participants.’
The workplan included a specific task in a work package

for drafting a guidance document for the team to follow. A
designated ethics manager was employed for some limited
person-months to draft a document covering the relevant eth-
ical and legal issues which were required by the funding
body. The deliverable was to be an Ethics Handbook, sched-
uled to be completed early in the project with the expectation
that it would set up the appropriate approaches to informed
consent, etc., for all engagements with participants. As input
to the document, the ethics manager led a discussion at the
first project consortium meeting where the participants brain-
stormed what were being informally called ‘Give & Take
Commitments’. These were collated in a mind-map under
broad headings: research activities (user relationships, docu-
mentation), design/implementation (data, approach, responsi-
bility) and annotated with notes such as ‘fix ethics if broken
on the go’, ‘we invite ourselves to their space ’ and so on.
This is also where some of the tensions started to emerge
between what was stated in the proposal document and the
philosophical commitments entailed in the PD/citizen
engagement approach (compare section 2.3).
The first draft of the document was sent out to the pro-

ject team for comment. The ethics manager had put consid-
erable thought into this document, as indicated by an
excerpt from the accompanying email: ‘I have tried to keep
a practical, informative, and hands-on tone, not too much
theoretical stuff, but enough to set a background and con-
text for the guidelines.’ The draft did try to accommodate

some of the points raised by the team members at the previ-
ous meeting, e.g. by noting that ‘The Give & Take partners
have opted for a proactive approach to research ethics and
address any ethics issues in a transparent and active way.
This means more responsibility for the researchers in the
project to identify and address ethics issues as they
emerge.’ There was also a section included on the ‘Wider
Societal and Ethical issues’ from an infrastructural perspec-
tive that reflected previous discussions. And there was an
attempt to acknowledge the different requirements that the
two countries running the participant engagements had
with respect to informed consent. What complicated this
process too was that the national funding body of one of
the participating countries required a copy of the informed
consent forms that would be used in the project and these
had to be sent in before the drafts ethics handbook was
completed and while these internal discussions were still
being worked out.

However, while the team appreciated the considerable
effort, the draft document nonetheless generated considerable
feedback and discussion. Most of the feedback suggested that
the researchers felt the document overall was not suited for
their work because the guidance document still seemed too
formal, too much based on language and processes arising
from medical/clinical research concerns and demanding
attention to aspects such as informed consent procedures and
pseudonymisation that did not fit into a participatory way of
working with people and that did not reflect the discussions
that had started at the earlier Consortium Meeting.

As a specific example, the early sections sought to set up
a broader ethical context, based on what the ethics manager
named as ‘medical/clinical and biobehavioural’ research tra-
ditions. The definition of risk was one such case: ‘The term
minimal risk originates in medical research and the principle
of minimal risk is used in describing research to which
volunteers may be recruited.’ and proceeded to give its def-
inition, leading project members to comment: ‘I suggest we
leave out risk as it originates from medical research’ and ‘I
don’t think we should use terminology that originates from
medical research’. The document also included ‘standard’
sections on collecting and handling data, e.g. ‘In both sites,
the importance of obtaining explicit consent for the data col-
lection is important. This includes information about how
the data are handled, processed, stored and who has access
to it. In principle, only those data that are really needed for
the project should be collected. [...]’. However, one member
commented: ‘We do not collect data. We have dialogues and
mutual activities.’ In the end the members felt that the docu-
ment would hinder them from collaborating with participants
as ‘citizen design collaborators’ and instead inadvertently
treat them as ‘subjects’, reflected in the continued use of the
term ‘user’.

Responding to the critique the ethics manager redrafted the
document. The most significant and important change was
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replacing the general ethics discussion with a section called
‘Ethics and Participatory Design’ which sets out the under-
lying ethical stance, or ethos, of PD that the team was com-
mitted to. This then became reflected throughout the
document. For example, the section previously titled ‘Data
Protection Policy: Processing, protection and confidentiality
of personal data’ was re-named ‘Hands-on data protection in
the Give & Take context’ and started with the statement:
‘Give & Take project relies on a participatory design
approach’. In this setting, the participants are treated as co-
designers of the emerging system. Anonymising persons who
actively contribute to design would mean placing these per-
sons in the background and also removing credit from their
input. Therefore, the PD approach itself is such that it requires
some acknowledgement of the identity of the participants and
their ownership in the project.’
This example shows how formal ethics procedures can

tend to be disconnected from the rest of the work. The first
instance is the outsourcing of the writing of the ethics sec-
tion in the proposal to someone able to produce the right
words that they know the review panel will want to see. The
researchers also did not pay enough attention to the specific
content of the ethics section in the proposal, since the
research part was deemed the most critical for getting the
project funded or not in the end. The second instance is the
employment of an ethics specialist to take care of producing
the ethics handbook deliverable. While there was a plan for
this person to be available to the project for the duration,
budget constraints meant she could not be employed past the
deliverable. The idea of the team discussions at the
Consortium Meeting and the Handbook was that they would
serve as a way of bringing ethical issues to the fore and
making them part of the project ethos. The project is still
ongoing and the extent to which this has been achieved is
yet to be determined. The third instance is the disconnect
between the formal requirements of one national agency for
delivery of the informed consent for their approval against
standard ethics expectations, which had to be submitted
before the discussions around the relation between the
researchers and the citizens being clarified and agreed within
the project; these informed consent sheets necessarily had to
reflect standard assumptions around ‘users’ and ‘data’ that in
the end were engaged with in quite a different way in the
ethics handbook.
In sum, ethics can tend to be inadvertently treated as some-

thing that can be time- and resource-boxed into a task, leading
to a ‘deliverable delivered, ethics done’ approach and to an
ethics document being seen as more relevant for the funding
agency (or ethics committee) than for the project team.
However, in Give & Take, the tensions between these stand-
ard approaches and the deeply held participatory commit-
ments of the team resulted in productive internal discussions
that helped shape a shared ethos and ended up in a document
that was praised by external project reviewers.

3.2. OutsideTheBox

‘OutsideTheBox - Rethinking Assistive Technologies with
Children with Autism’

3 is a three-year research project that
explores new meaningful roles of ubiquitous computing
(UbiComp) technologies in the lives of children with autism.
The underlying argument is that much of the technology that
is being designed for this group, pragmatically focuses on
mitigating functional deficits and that this ignores rich and
complex life-worlds of children with autism as a context for
design. To break into this design space, the project interprets
a number of PD approaches to creatively engage children
with autism to let them lead the design process as experts in
their own life. The design brief is deliberately under-speci-
fied: resulting artefacts should realise the potential of
UbiComp technologies to afford positive experiences, and
support children with autism in sharing those experiences—
something notoriously difficult for them. By realising a series
of case studies the project seeks to demonstrate that such
open participatory processes are possible and lead to designs
that would have been unimaginable for adult, neuro-typical
researchers. Grounded in these case studies, the project popu-
lates a conceptual space with evaluated design methods that
aims to provide transferable design knowledge for others to
build on Frauenberger et al. (2016).
The sensitive nature of the context in which the project

operates makes ethical considerations a high priority.
Working with vulnerable groups such as children with dis-
abilities in a highly formal and regulated environment such as
schools means that a rigorous ethics procedure has to be put
in place. Although neither the funding body, nor the research
institution at which this project is carried out requires any for-
mal procedure or checking by an ethics committee, the project
decided to implement an internal process that would safe-
guard ethical conduct. An advisory panel was formed, con-
sisting of senior colleagues and an ethicist. Guided by the UK
ESRC framework for research ethics (ESRC, 2015), a docu-
ment was drafted that laid out the fundamental moral and eth-
ical positions in the project and the specific measures and
processes to implement these. This included the details on
recruitment, informed consent, a risk assessment for partici-
pants and researchers, and a strategy for data collection and
privacy. The document was then forwarded to the panel and
subsequently discussed in detail resulting in minor adjust-
ments to the planned implementation of ethics procedures.
While this could be seen as the standard way (compare

Section 2.6) in which ethics in a project like OutsideTheBox
is handled, it was clear to the project team and the panel that
this would not be sufficient. OutsideTheBox has two particu-
lar features that highlight the ethical dilemmas related to the
third paradigm HCI work: firstly, the research is exploratory
and thus unpredictable and secondly, it involves very

3http://outsidethebox.at.

10 CHRISTOPHER FRAUENBERGER et al.

INTERACTING WITH COMPUTERS, 2016

 at U
niversity of Sussex on N

ovem
ber 3, 2016

http://iw
c.oxfordjournals.org/

D
ow

nloaded from
 



different stakeholders with different ethical concerns that are
driven by their own values and moral positions.
Involving very different stakeholders, like children, par-

ents, teachers, school administration, special needs pedago-
gues and policy makers throughout the project raises the
question about whether moral positions, values and conse-
quently responses to ethical issues are consistent across all
people involved. An ethics process that is designed before
these stakeholders are involved is, thus, systematically
skewed towards the perspective of the researchers. In
OutsideTheBox the researchers felt strongly about ‘liberating’
autistic children from being reduced to their functional limita-
tions in the design of technology and this was the underlying
position that shaped the planning of methods and processes.
However, after engaging with other stakeholders, a more
nuanced and diverse picture emerged. Educational policy
makers, for example, subscribed to the fundamental position,
but also interpreted inclusive education as enabling autistic
children to better participate in class and improve their learn-
ing. Consequently, they were very much interested in any-
thing that would functionally support autistic children and
would support their teachers. In the same way parents often
asked about gains their children would make through partici-
pating in the project. Children sometimes expressed that they
just wanted to be ‘normal’, while the researchers promoted
their neuro-diversity agenda. The reflective practice exercised
in OutsideTheBox allowed these dilemmas to emerge and
they continue to be continuously negotiated and checked
upon.
The explorative nature of OutsideTheBox is inherent in the

radically participatory approach. Co-design methods are
developed iteratively, during the collaboration with a child
and are based on a continuously deepening understanding of
the context and the target. An open design brief like the one
above makes it impossible to know about the outcome, after
all, it is an explicit goal to enable children to lead the process.
So, we cannot possibly know in advance which methods will
be used to develop which technology. Consequently, we also
cannot foresee the kind of ethical dilemmas this work will
possibly unearth. In OutsideTheBox, for example, disposable
cameras were provided to children as a cultural probe to
enquire into the world of objects they are surrounded by at
home. The team then discussed the pictures in the workshop
with the children what these objects can do, what they sound
like and how they could become smarter. This was part of an
technology immersion phase, re-interpreting the Co-operative
Inquiry approach Druin (1999). It soon became apparent that
children could easily capture sensitive information that would
constitute an inappropriate intrusion into the private life of
their families. A process was required through which children
were made aware of the issue and received more explicit
instructions as well as installing a safe-guard by which par-
ents could see the pictures before the research team does. In
making technology meaningfully situated in the lives of our

children, we continually need to re-negotiate our ethical
stance towards the privacy of our participants and their imme-
diate social environment.

4. IN-ACTION ETHICS

The above examples have highlighted a small number of
exemplary issues that we believe are typical for the kind of
prevailing third-paradigm HCI research and they demon-
strated the limitations of anticipatory ethics in dealing with
them. In defining starting points for developing an alternative
ethics framework in response, we want to weave together the
issues we identified through these examples, with those that
were elicited in a similar fashion by Munteanu et al. (2015)
and Benford et al. (2015) along with challenges identified in
Action Research (Section 2.4), HCI (Section 2.3) and
Responsible Science and Innovation (Section 2.5). Table 1
summarises this synopsis as a collection of challenges to cur-
rent ethics with references to their sources.

We do not claim that this is an exhaustive set of challenges,
however they reflect that much of what is at the heart of third
paradigm HCI—situatedness, values, embodiment, participa-
tion—creates novel kinds of dilemmas for ethics. In what fol-
lows, we develop the qualities for an ethical framework that
aims to respond to these challenges. We have called this
framework In- Action Ethics and we see it as complementing
existing, anticipatory structures.

Re-framing Schön (1983), we argue that in performing
design and research, ‘we show ourselves to be ethical [orig:
knowledgeable] in a special way’ (p. 49) —our ethics is
tacitly in action, deeply folded into ‘recognitions, judgements
and skillfull performances’ (ibid, p. 50). Taking this analogy
to Schön’s argument about design knowledge further, we
argue that reflection-in-action therefore needs to become
recognised as central to the way researchers can deal with the
‘uncertainty, instability and uniqueness’ (ibid, p. 50) of the
ethical dilemmas of the kind that much third-paradigm HCI
work brings with it. It responds to all challenges from the
above that carry a notion of fluidity and unpredictability.
Embedded reflection-in-action enables researchers to have a
critical dialogue about the framing, the judgements, the con-
text and one’s own ethical standpoint, while responding to
ethical dilemmas as they arise. To use Schön’s words, the
reflective practitioner lets the (ethical) situation talk back to
her. Our own examples and other sources have demonstrated
how many of those dilemmas only can materialise while the
work is underway. We argue that the flexibility that is needed
to manage them is necessarily grounded in reflective practice,
rather than in anticipatory planning.

In another parallel to the epistemological shift towards con-
structivism, we argue that ethics is necessarily co-
constructed. Many of the challenges above reflect the opening
of the design processes to stakeholders and a critical discourse
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needs to be facilitated to negotiate the diverse ethical and
moral positions that come with that. Here, we align ourselves
with the social ethics approach as we acknowledge the cen-
trality of processes and the importance of social arrangements
in making decisions (Devon and van de Poel, 2004). We also
argue that this goes beyond value-led PD (Iversen et al.,
2012) or value-sensitive design (Friedman et al., 2008) as its
scope is more fundamental with the intention to establish a
valid moral standpoint, to negotiate what ‘is the right thing to
do’. If we accept that ethics is a moving target, we require
processes that leave room for adjustment. Equally important,

In-action ethics requires a new quality of openness that offers
transparency for co-constructing ethics. Our experiences show
that anticipatory ethics has effectively concealed ethics posi-
tions on the ground as it has blanked out their re-negotiation
in action.
Negotiation and co-construction of ethics requires a work-

ing culture in which diverging standpoints and conflicts can
be debated. Somewhat breaking the analogy with knowledge,
we believe that there is a particular benefit in open disagree-
ment. In-action Ethics recognises the limitations of the nor-
mative and opens up the possibility for collaborative projects

Table 1. Synopsis of ethical challenges identified in archetypal third-paradigm HCI research.

Explorative research Processes are unpredictable and outcomes, even methods potentially, unknown in advance. Ethical dilemmas
emerge from the work, requiring a responses that go beyond the protocols developed (OutsideTheBox,
Benford et al., 2015; Munteanu et al., 2015; Williamson and Prosser, 2002)

Context The context in which research is conducted (e.g. funding bodies, research cultures, socio-historical
background, participants etc.) fundamentally shapes the ethical approach needed and requires situated
judgements (Give & Take, Benford et al., 2015; Munteanu et al., 2015; Williamson and Prosser, 2002)

Packaging Ethics is confined to a designated workpackage which fosters the notion that it is something that the majority
of the project does not need to concern themselves with and can safely be left to the ‘expert’ (Give &
Take).

Protecting Participants Protecting participants cannot always be fully guaranteed. Informed consent clearly has limitations when the
directions the process may take and the outcomes are partially unknown (Benford et al., 2015; Munteanu
et al., 2015; Williamson and Prosser, 2002)

Methodology and Ethos Approaches and methods carry their own ethos, but many formal ethics processes are ignorant of which
methodology they are applied to (Robertson and Wagner, 2012).

Values and provocation As critical design (Bardzell and Bardzell, 2013) and HCI’s intersection with art (Benford et al., 2015) shows,
projects may not necessarily embrace ‘good’ values, but provoke and offer critique (see also Grimpe et al.,
2014, ‘the positive disruptive potential of critical design’ )

Stakeholder ethics Involving stakeholders into a design process may require to deal with radically different ethical positions,
unknown in advance (OutsideTheBox, Benford et al., 2015, discusses ongoing negotiation of ethics).

Outcomes and Expectations Success is defined differently by different stakeholders (Morton, 1999; Sanders and Westerlund, 2011) and a
basic understanding of these differences is required to ethically manage expectations (OutsideTheBox,
Munteanu et al., 2015).

Closeness The notion of researchers being objective and removed entities is increasingly rejected (Sengers et al., 2005).
Their increasing involvement as individuals, however, also raises ethical issues around confidentiality
(Williamson and Prosser, 2002) and power structures (Bratteteig and Wagner, 2012).

Risks to researchers A consequence of the ever deeper entanglement of researchers and participants is that they too are at risk and
managing this risk is an ethical responsibility (Munteanu et al., 2015).

Exits The rapport researchers and designers build with participants in becoming deeper involved, also may evolve
into ethical dilemmas when exiting the scene after a project has finished (compare Gary Mardsen quoted in
Vines et al., 2013).

Shared Power Sharing power and scope for decisions with participants (Robertson and Wagner, 2012), also means sharing
responsibility. When participants ‘(co)-own’ outcomes (compare Bødker et al., 1987), the boundaries of
ethical accountability are blurred and fluid.

Voluntary involvement or
withdrawal

HCI’s turn to the wild also means that involvement is not always voluntary (e.g. bystanders Benford et al.,
2015) or as part of a school study (OutsideTheBox, Munteanu et al., 2015). Benford et al. (2015) makes a
similar point about withdrawal, which is not always possible in the middle of participatory processes.

Unplanned data collection Often data are collected in unintended ways (Munteanu et al., 2015) or information is obtained that requires
immediate deviation of the protocol (as in the Ivy4Evr project in Benford et al., 2015). Formal ethics
sometimes draws attention to this, but the unpredictable nature of the kind of data collected makes
anticipating responses difficult.
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to operate on diverging ethical perspectives if balanced with
shared aspects of ethos. Many of the art projects described in
Benford et al. (2015) exhibit this notion by actively provok-
ing critical discourse by putting an alternative ethical stand-
point to participants while largely operating on a common
ethos of ‘do no harm’. Crucially, the working culture created
by the designers allows for participants to argue back and the
ensuing debate becomes a central outcome.
The active involvement of participants means researchers

and designers share some of the power they traditionally
would hold. With shared power and co-constructed ethics, a
critical shift in responsibility is an inevitable consequence. As
designers have no longer full control over process or out-
come, they cannot be held fully accountable either and
boundaries between spheres of authority get blurred. Shared
responsibility between all stakeholders, including researchers
and designers, becomes an ethical dilemma that needs con-
tinuous reflection and re-negotiation. We argue that the ques-
tion about how much responsibility participants should take
for their own involvement is also what significantly limits the
scope of a priori informed consent.
It becomes clear that none of the above qualities could pos-

sibly be realised if ethics gets packaged or out-sourced. With
In-action Ethics we also argue that ethics needs to become an
underpinning mindset and that it is the responsibility all
researchers to make it the foundation on which interactions
with stakeholders are initiated. We argue that ethics aware-
ness needs to be pervasive throughout processes and within
all actors. Ethics experts become the midwivees of ethics,
scaffolding and facilitating processes to form and negotiate
ethos, rather than ‘doing the ethics’ on behalf of others. Just
like values shape every aspects of the design process, ethical
and moral considerations cannot be separated from design
decisions.
Related to the argument of mindset is the role of empathy

in In-action Ethics. Wright and McCarthy (2008) offer a
pragmatic-dialectical conceptualisation of empathy in their
discussion of empathy and experience in HCI. Central to this
concept is the notion that people engage in empathic ways
when they appreciate other’s perspectives from within their
own perspective, i.e. empathy is an affective response that
relies on learning about other’s needs and desires, drawing on
one’s own resources. It becomes clear that such a dialectically
conceived empathy is central to bring about the kind of ethics
processes we have sketched above. It is central to co-
constructing ethics and negotiating project ethos. Empathy is
a resource that allows us to recognise, understand and
respond to ethical dilemmas, but critically it is also a resource
that develops in-action and is consequently not available a
priori. Wright and McCarthy (2008) say ‘empathy evolves in
the context of ongoing relationships wherein one person
learns about the needs of the other by responding empathi-
cally..’ , and continue ‘...sometimes getting it right, some-
times not’ . In the context of ethics, this latter point is crucial,

as it points to the limits empathic judgements have. Basing
ethical decisions on assuming on what it is like for others is
particularly dangerous when life-worlds substantially differ.

4.1. Operationalising In-Action Ethics

As mentioned above, we have derived required qualities for a
novel ethics framework from the challenges that we identified
in our own work and that of others. The next step is to find
ways to operationalise these qualities within the realities of
existing structures and practices. To this end we propose com-
plementing institutionalised, anticipatory ethics with an add-
itional layer that interacts with formal structures, but bridges
deep into the practical design work, i.e. works in-action. This
complementary layer is centred around the concept of ethos
and in what follows we describe how it embodies the qualities
we have developed and is actionable within structures and
practices.

We define ethos, as discussed above, as a moral commit-
ment or stance, a moral attitude that underlies a particular
practice. In contrast to formal ethics and related guidelines,
we understand ethos as something that is intrinsic and
embodied. It exists because people enact it and it tacitly
informs their actions in precisely the same way as tacit
knowledge does in Schön (1983). Being reflective about
one’s ethos means to acknowledge how it shapes actions and
that all actions also shape it in return. Enacting ethos means
‘doing the right thing’ and is a guiding principle that is built
and maintained by using and reflecting on it. It intimately
informs decisions and judgements while it evolves and grows
with each new challenge.

The concept of ethos works across different entities and
scales. While the above roots it within the individual, we
argue that ethos is equally powerful in groups or institutions.
The concept of a shared project ethos is centred around the
negotiation of and agreement on moral statements for which a
project stands. It exists by virtue of people buying into a set
of shared commitments that define their collaboration. In the
same way as described above the project ethos becomes an
intrinsic guiding principle that informs both individual actions
and decisions on a project level. In contrast to the typical
results of formal ethics processes (e.g. ethics statement, guide-
lines, procedures, etc.), the building and maintenance of a
project ethos is an ongoing process and its result is always
tentative. While a project ethos might be first formulated
when a project is planned, it necessarily evolves throughout
the project, for example when researchers join the team, new
participants are involved, contexts change or by reflecting on
how well the ethos informed decisions or responded to chal-
lenges to date.

As such, we argue that a project ethos becomes the glue
that connects anticipatory ethics with research practice, pro-
viding the basis for ethics in-action. Formalised, anticipatory
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ethics sets the outer boundaries that ensure that appropriate
legislation and best practice is followed. A project ethos oper-
ates within this frame, but goes qualitatively beyond ethical
guidelines. In contrast to the notion of ‘following the rules’, a
project ethos is generative and can only emerge from people
within a project. It is self-regulatory, because it binds the indi-
vidual ethos to a shared commitment in the project. However,
this commitment might be challenged in unforeseen situations
which require a working culture that allows the continuous
(re-)negotiation of the project ethos. If such an open process
is transparent and thoroughly documented, it leads to a funda-
mentally new form of ethical accountability within projects.
Decisions and procedures are characterised and defended by
the shared moral commitment. Asking ‘Was this the right
thing to do at the time?’ has a distinctly different quality from
asking whether ethical guidelines have been followed.
Such moral accountability is a powerful tool to steer and

direct projects, and lay open values as fundamental drivers in
the research. Practically, it is important to support a working
culture that provides room and structures for ethos building
and care. For example, an ethos building workshop could be
part of the kick-off meeting, the ethos could be revisited at
each project milestone or an online ethics ‘bugtracker’ could
help document ethical issues that arise in the work that chal-
lenge the project ethos. It might also be important to desig-
nate a person within the project who is responsible for
facilitating the process of ethos building. The role of this per-
son is, however, different from the traditional role of ethicists.
We have argued above that ethical processes cannot be boxed
into a workpackage or left to be worked through by the ethics
expert on the team. Consequently, we see the new role in
similar ways to a coach or facilitator in the spirit of a practice
of ethics midwifery.
Funding bodies, universities, ethics committees or other

relevant institutions can also play an important part in sup-
porting ethos building in projects. Firstly, they can require
projects to formulate their ethos as part of the application pro-
cess. Secondly, in the governance of the project, they can
ensure that continuous ethos building and care become an
integrative part of the working culture. For example, by
requiring that structures are put in place that serve as a demo-
cratic forum for all people involved, including participants, to
contribute to ethos building. Some funding schemes also
involve regular reviews of progress. These could be opportun-
ities to hold projects accountable on a moral level using the
project ethos as a lens to reflect on decisions. If the project
ethos has evolved, the project has the opportunity to argue for
the changes and its consequences. Thirdly, institutions can
support projects by offering training opportunities. Not all
projects have designated ethicists in their team, nevertheless
we argue that ethos building requires support and benefits
from a designated coaching role. Continuous training for
these facilitators of ethos building could be offered to projects
by their hosting institutions or by the funding body.

Many institutions also have their own ethos, although it is
rarely made explicit or labelled in this way. Ethos is often
expressed in value statements, such as a commitment to gen-
der equality or open access, which are shaping the kind of
research that is being proposed to or is being conducted at
such institutions. As research is planned, applied for or con-
ducted the ethos of institutions and a project ethos influence
each other and provide an opportunity for both to reflect and
evolve.
Summarising, we argue here that ethos as a concept has the

potential to provide the glue between the existing formal eth-
ics structures and the unpredictable, participatory, situated
and value-driven processes that are archetypal for the kind of
work that is associated with contemporary HCI. It is powerful
in guiding and informing decisions, while providing an open
and transparent arena for negotiating the moral standpoint
individuals, projects and institutions take. It works across
entities and across time, linking bottom-up morality with top-
down guidelines and formal requirements with a fluid
research practice.

4.2. Limitations, risks and future challenges

Implementing the concept of ethos in research practice and
governance in itself is no guarantee that HCI work becomes
more ethically mindful. If the ethos is not lived and embodied
by the involved actors, In-action Ethics is vulnerable to
become pure tokenism. An ethos statement might turn out to
be another high-level, generic document that provides little
ethical guidance in practice, representing a shallow comprom-
ise that seeks to not challenge any of the stakeholders. Just
like standard ethics procedures, ethos statements then become
another formal requirement, a tick in a box. Nevertheless, we
argue that if the perceived benefit is large enough, the motiv-
ation to invest and buy into the concept of ethos will suffice
to make researchers engage. Embedded in targeted training
and supporting structures, the key benefit promised is to
enable researchers to transparently and systematically respond
to the ethical dilemmas that they face during their work.
Practical support of ethos building is another challenge that

requires future work. We are currently experimenting with
different formats, mechanisms and techniques that target all
three levels on which ethos building can occur. At an individ-
ual level, we look into ways of training and education of stu-
dents with the aim to provide them with the intellectual tools
to become aware of and reflect on their own moral positions
and where they come from. At a project level, we develop
ethics workshop formats that support teams to identify, nego-
tiate and articulate sets of shared commitments that together
constitute the project ethos. Furthermore we currently develop
tools such as the ethics bug-tracker that support ethics in-
action. At the governance level, we are in the process of
designing ethics structures within our current institution that
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weave together established and proven ethics frameworks
with new processes that scaffold in-action ethics.
However, the challenges are many for those tools and sup-

ports to work effectively. From our experiences in recent
workshops, we already see that reflection on implicit assump-
tions and one’s own value base does not come easy to many.
Differences in research cultures across disciplines often cause
participants to hesitate to openly discuss values or engage in
negotiating a shared ethos. Careful moderation, motivating
activities and sufficient time is required to make meaningful
progress with any given group of people.
The In-action Ethics framework aims to respond to the

paradigm shift in HCI that inherently foregrounded construct-
ivist positions. The philosophical implications of this shift
have so far mainly played out in terms of epistemological
stances (Harrison et al., 2011). Within this context,
Frauenberger (2016) critically reviews the construction of
knowledge in the field and draws attention to the possible
consequences of relativism, i.e. the notion that anything can
be justified if it is reduced to a social construct. Applied to
ethics, this is equally troublesome. Co-constructing ethics
runs the risk of slipping into a moral relativism in which any
position or any decision can be justified, undermining the
necessary accountability of researchers. We argue that this
can be countered by ensuring that In-Action ethics operates
within the safeguards and boundaries that are given by trad-
itional ethics processes. For example, there are legal and mor-
al boundaries, determined through a consensus within society
and implemented in formal requirements and laws, within
which we expect researchers to deal with privacy. However,
there are still many stances a project could take within these
boundaries, which are reflected in its co-constructed ethos.
Relatedly, while we argued that the increasing significance

of social constructivist positions has made the need for new
approaches to ethics in HCI more pressing, there are other,
equally valid positions in HCI for which we argue In-action
Ethics is equally applicable and useful. Our framework does
not intend to prescribe a particular ontological stance, but
aims to add to the tools available to deal with ethical dilem-
mas as research unfolds. As such, we argue its compatible
with other ontological positions, e.g. critical realism
(Frauenberger, 2016). Even work that would be set up in
highly controlled contexts and that would classify itself as
operating within a positivistic science paradigm can benefit
from ethics guidance that is available in-action.

5. CONCLUSION

With this article, we have made the argument that a gap exists
between the way HCI has evolved into a situated, participa-
tory and design oriented discipline, and the ethical procedures
that typically accompany such a work which largely remained
static, anticipatory and formalised. In response, we have

developed the central qualities for a novel ethical framework
that addresses this gap. In-Action Ethics, as we have called
this framework, calls for ethical processes to be responsive to
issues as they arise in design, inclusive of stakeholders and
reflective as an activity. It is deeply embedded in the practice
and transparent about its decisions, positions and dilemmas.

To operationalise In-Action Ethics, we propose the concept
of ethos building. Ethos as defined here refers to an embodied
and intrinsic set of moral positions that tacitly guides actions
and decisions. We argue that its ability to work across entities
(institutions, projects, individuals) and to reach into the prac-
tice of designers and researchers makes it the glue that facili-
tates ethics in action. A project ethos, as a set of shared moral
commitments, can provide powerful guidance for decisions in
the project, not only in terms of solving ethical dilemmas. It
provides an arena for individuals to negotiate shared commit-
ments as well as for funding bodies to hold projects account-
able for their course of action on a non-task oriented, moral
level.

What we have developed here is, so we hope, the begin-
ning of a transformation of structures and processes that
acknowledges the paradigm shifts in HCI research, possibly
beyond. While others also have identified the gap, we see our
main contribution in sketching out a novel framework that
responds to these new challenges and builds on existing
structures.
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Thinking OutsideTheBox - Designing Smart Things with Autistic Children
Christopher Frauenberger , Katta Spiel, and Julia Makhaeva

HCI Group, Institute for Visual Computing & Human-Centered Technology, TU Wien, Vienna, Austria

ABSTRACT
This article offers a synopsis of and a critical reflection on the research project OutsideTheBox Rethinking
Assistive Technology with Autistic Children. The aim of the 3-year project was to develop digital
technology that would holistically respond to the complex life-worlds of autistic children, affording
positive experiences that they could share with others. Through a series of long-term participatory
design processes, smart objects were developed individually with nine children employing a wide range
of different methods (e.g., Co-operative Inquiry, Future Workshops, Fictional Inquiry, Magic Workshops,
Drama and Making & Digital Fabrication). In this article are presented the cases of all children worked
with and tie them together by a critical reflection across them. The discussion offers insights along three
main themes: we a) substantiate the argument for a theoretical shift in conceptualizing roles for
technology in the lives of disabled people, b) discuss our methodological contributions in participatory
design processes and c) propose alternative, participatory approaches to evaluate outcomes.

1. Introduction

There has been a great number of research efforts into the
design and development of digital technologies for autistic1

people. Commonly, this is justified by the apparent tendency
of autistic people to positively engage with technology as they
perceive it as a safe and predictable medium that lends itself
to their preferred interaction style (c.f. Silver & Oakes, 2001).
However, there is little explicit discussion about the implicit
agendas of these technological efforts. That is, while there is
a lot of work in this area, there is less critical engagement with
the underlying intentions and preferred outcomes. Most work
is driven by the intention to assist, support or mitigate pre-
sumed deficits of autistic people and thereby often unwillingly
or unintentionally pursue a normative agenda of “fixing peo-
ple.” In their survey of the field, Kientz, Goodwin, Hayes, and
Abowd (2013) state that most work included implicitly
invokes the medical model of disability and, hence, focus on
the “physical or functional limitations a person might exhi-
bit” (p10).

Making presumed deficits the starting point for envision-
ing technology not only limits the possible design space, but it
also rises ethical and moral questions about our understand-
ing of disability in society. This article, then, describes the
experiences our research team has made in the course of
a research project that sought to explore alternative ways to
think about technology for autistic people. With
“OutsideTheBox Rethinking Assistive Technology with
Autistic Children,” we set out to demonstrate that technolo-
gies can play alternative roles in the lives of autistic children
and be meaningful, rather than narrowly assistive. We tasked

ourselves to develop technology that would afford positive
experiences for an individual child and would support the
sharing of these experiences with others.

A central argument in this project has been that such technol-
ogies can only be designed with autistic children. OutsideTheBox
has aimed to set up working relationships with autistic children in
ways that would allow them to drive a design process with their
ideas and desires that go beyond them being autistic, but were
born out of their understanding of the world. Instead of reducing
a child to their diagnosis,we aimed toholistically engage each child
in a creative, yearlong process that would result in their very own,
smart thing a ubiquitous computing artifact that affords mean-
ingful interaction. Over the course of the project, we worked with
nine children and involved them in the envisioning, designing,
building and evaluating of digital technology.

The project aimed to make contributions in three areas:
firstly, the argument to rethink the possible roles of technologies
in the lives of autistic children requires us to develop a novel
theoretical framework, connecting the critical perspectives
emerging from Disability Studies and Science and Technology
Studies with the paradigms of Design Research and Human–
Computer Interaction (HCI). Secondly, methodological innova-
tion is required to create environments and processes in which
autistic children can meaningfully collaborate with designers in
cocreating technology. Thirdly, new ways of evaluating the
experience with the resulting technology are needed what does
it mean to afford positive experiences with technologies in the
context of autistic children and how can we assess these?

In the past 3 years, we have published successfully on all
three of these areas. This article presents the overarching
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synopsis of our experiences and insights, aiming to make the
whole bigger as the sum by connecting the dots and engaging
in a critical reflection on how far we came in “rethinking
assistive technologies for autistic children” and where we
encountered new challenges which will be shaping our future
work. This synopsis will stem from reporting on all our
collaborations as case studies over which we subsequently
reflect on through the three lenses: theoretical framing, pro-
cess and outcomes.

2. The OutsideTheBox project

The project started June 2014 and ran for 3 years. Beyond the
Principle Investigator, two PhD students worked full-time on
OutsideTheBox. Our main objective was, to explore ways by
which autistic children, aged 6–8 years, can lead the design
processes of digital technologies to create smart objects that
would be meaningful to them, are embedded in their life-
worlds and allowed them to share the experiences they would
make with that technology with others. We chose ubiquitous
computing (UbiComp) as a versatile technological opportu-
nity space that would allow us to explore a wide range of
technological artifacts. Our hypothesis was that facilitating
a child-led exploration of this UbiComp design space leads
to novel applications for autistic children that emphasize
positive experiences and wellbeing while providing appropri-
ate levels of support and intervention.

Consequently, Participatory Design (PD) was at the very
heart of OutsideTheBox. Over the duration of the project
engaged children in three overall cycles, each spanning across
a whole school year with the goal to implement different
participatory methods to conceptually map out viable
approaches to meaningfully involve these children.

Every engagement followed the same blueprint: after
recruitment, we conducted a Contextual Inquiry (Holtzblatt
& Jones, 1993), which involved interviews with carers, tea-
chers and children, observations and probes. Subsequently, we
engaged the child in design work, implementing one of six
participatory methods which were chosen to cover a wide
range of participatory styles. These six methods were: Co-
operative Inquiry (Druin, 1999), Future Workshops
(Vavoula & Sharples, 2007), Fictional Inquiry (Dindler &
Iversen, 2007), Magic Workshops (Kuniavsky, 2007), Drama
(Brandt & Grunnet, 2000) and Making & Digital Fabrication
(Frauenberger & Posch, 2014). After an artifact was created,
an evaluation phase would follow.

As we will report on below, the individual processes dif-
fered substantially; the overall framing and the design brief,
however, were the same for all collaborations. Our goal to
explore meaningful roles of technology in the lives of children
and how they can support them in sharing positive experi-
ences was precisely the overarching intent and purpose that
we communicated to children.

Access to participants was organized through the mentoring
scheme of the local education department of the Viennese
government. Informed consent was obtained and extensive
information was provided to children, parents and teacher.
We also established an ethics monitoring system that would
provide safeguards for unforeseen developments or other

events during our collaboration (compare Frauenberger,
Rauhala, & Fitzpatrick, 2017). Sessions with children took
place roughly fortnightly in separate rooms of their usual
school environment or on the premises of our university.
During the sessions two researchers were present and all ses-
sions were video-taped. Inspired by the work of Feuser (2002),
we developed designated roles for the researchers: the Play
Partner teams up with the child and unconditionally supports
the child with their skills. The Active Observer facilitates the
session, sets the agenda, keeps the time, provides the materials,
gives feedback and structures the session. This role is more
detached from the actual design and the power difference
created between the two adults (the Play Partner is supposed
to follow the instructions by the Active Observer), results in the
child teaming up with their Play Partner more easily. Figure 1
provides an overview of roles and interaction flows.

3. Case studies

The accounts below are based on a number of data sources to
be able to paint a rich and detailed picture of our collabora-
tions. We conducted semi-structured interviews with parents,
teachers, mentors and other relevant carers before and after
we engaged the children. All sessions with children were
recorded on video and researchers kept a reflective research
diary in which both perspectives, from the Active Observer
and the Play Partner were brought together. Additional data
was collected in the form of photographs taken by researchers
and children, and actual artifacts created in the workshop
sessions.

3.1. Overview

Table 1 provides an overview over the participants, their age,
the diagnosis to the detail it was shared with us in the initial
Contextual Inquiry phase, the name of their objects and the
number of overall sessions. The children’s names have been
changed to protect their identity.

Figure 1. Roles and flow of interaction between play partner, child and active
observer.
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While each of the cases below describes a unique and
situated process, we structure the accounts in similar ways:
first, we situate the account by describing the child and the
context in which we worked. Then, we describe the metho-
dological approach and how this shaped the design process
from ideation (exploring the design space), to concept (nar-
rowing down), to implementation (realization). The final con-
cept and object is subsequently described and the intended
interactive experience. Finally, we report on the how these
objects arrived in the life-worlds of these children and their
first experiences with them.

3.2. Navigating needs with Andy

Andy was shy and did not like meeting new people. It took
him several sessions to feel safe enough to directly interact
with us. Even then, there was a pattern for each meeting:
during the first 10 minutes or so, he refused to work with
us. We had to rebuild our relationship anew each time for
him to be able to trust as. While he clearly signaled at the start
of each session that he did not want to work with us, we
decided to continue with our collaboration, because after each
session he would run to his teacher and explain how this was
the best session so far and that he is so happy about what he
did – even though he did not like using words and found it
even harder to talk about his emotions.

We used Co-operative Inquiry (Druin, 1999), because it
offers a flexible design method to engage a child along their
interests and abilities. As a starting point, we used a set of
elaborate drawings he made in one of the initial sessions. We
explored them along different scales of size and observed his
interactions with them (see Figure 2). He augmented the cats
with little attributes which gave them different characters and
personas. There was a princess cat, a grandpa cat and so on.

For his object, we were inspired by his incredible drawing
skills, but were also conscious that his drawing isolated him
from others. Thus we aimed to design an artifact that would
build on his strengths, while allowing him to share his positive
experience in ways he would feel safe and in control of the
situation. We started to design a concept for an interactive
drawing surface with which he could animate his drawings
and project them onto a wall. Both private enjoyment and
public sharing can be mediated through the object.

In its final iteration, ProDraw (see Figure 3) consists of
a touch surface that can switch between a drawing mode and
an animation mode. Pictures drawn and saved in the drawing
mode are automatically grouped for later animation. In the
animation mode, a folder is chosen and the animation loops
through the pictures in that folder to create the animation –
quite like a flip book works. The speed of the animation is
determined by the sensor data received from the Wii Remote
Controller. The faster the controller is shaken, the faster the
animation plays.

While the drawing mode of ProDraw does follow fairly
paradigmatic standards of interaction with a touch surface,
the animation mode forces Andy to take a step back and
interact with the technology using his own body. The drawing
experience is more private than the animation experience,
which is addressed toward a larger space including
a potential surrounding audience. While it is technically pos-
sible to always project what happens on the touch surface or
to just turn the projector off during animation, having the
animation react to the input of the Wii and how fast it is
shaken, lets Andy literally step away from the technology and
open himself up to others. This gives him full embodied

Table 1. Research partners in the first year of OutsideTheBox together with age,
diagnosis, design method used, name of the finished object and number of
meetings; FW: Future Workshops, CI: Co-Operative Inquiry; MD: Makers & Drama;
AS: Asperger Syndrome.

Name (Age) Diagnosis Method Object name #

Andy (8) Autism CI ProDraw 10
Blaine (6) AS CI ThinkM 14
Claude (6) AS FW Adaja 13
Dean (8) Autism FW DSmart 14
Quentin (9) AS Makers Sound Boxes 15
Mia (9) Autism Drama RattleC 17
Yvan (8) & Hank (6) Autism MD TimeM 20
Oliver (6) Autism MD Öxe 19

Figure 2. Andy’s cat at different scales.

Figure 3. ProDraw showing self-created animations with embodied control.
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control over his sharing experience. It opens up new spaces
for interaction between himself and others that would not be
possible by a static or non-embodied mode of interaction.

Andy presented ProDraw in front of his class and earned
praise and envy – according to his teacher for the first time
since he entered school. He was acknowledged for his skills
rather than singled out for his perceived deficits. While he
likes to share his finished drawings with others, he only rarely
includes them in the creative process.

3.3. Engaging the environment with Blaine

Blaine engages animatedly in verbal discussions about his
favorite topics – science, technology and inventions – but is
easily overwhelmed by demands of social interaction.
Repeatedly, this leads to difficult situations in class with his
classmates or teachers.

From the start, Blaine identified himself as a researcher and
scientist. Therefore, our working space was framed as
a research lab, which he divided into designated areas for
brainstorming and prototyping. We initially enquired into
his interests through drawing activities and by discussing
objects he liked.

Reinterpreting FutureWorkshops (Vavoula& Sharples, 2007)
as our codesign method, we started to investigate current tools
for research, before projecting them into future scenarios. This
fed into his strong interest in science and provided a starting
point for creative explorations. Blaine developed initial ideas
based on his experience in class where he claimed he could not
remember social situations in which he became very aggravated.
He imagined tools that would allow him to conduct research into
these situations and to find out what was going on.

Consequently, he devised a machine to better concentrate with
(Thinking Cap) and a machine to remind himself of past events
(Remembering Machine). In the course of our work, the two
merged into one.

Initial paper prototypes allowed Blaine to play with forms
and sizes of objects (Figure 4). He also specified certain
interaction modi (e.g., data transmission had to be wireless
and directed to a certain screen device). Collaboratively, we
envisioned ThinkM – short for “Thinking Machine” – as
a device that would allow him to capture and reflect on
difficult social situations after the fact. Building on this, we
decided to introduce Blaine to the possibility of using a pulse
sensor and including this data in the visualization of captured
events. Blaine quickly linked the pulse data with his emotional
state through self-paced experiments.

ThinkM in its final version consists of a wearable device in the
shape of headphone headphones and a base station (see Figure 5).
The camera is at the eye level of the wearer and records an image
for every 10 s as soon as the device is put on. The pulse sensor is
located on the inside of the headband. When the base station and
the headphones are switched on and in each other’s vicinity,
pictures and pulse data are automatically transferred. Over time,
ThinkM loses some of its memory (i.e., older pictures) in order to
mimic the behavior of a human brain – an analogy, Blaine intro-
duced himself. After a week, half of the pictures in a folder are
marked deleted, after another week, only a quarter of the pictures
remain and so on. This feature also allowed us to address the
privacy concerns that came up during discussions with Blaine, not
only with respect to his own privacy, but also that of others.
Additionally, we ensured that the data never left the system.

Next to being a stylish enhancement, ThinkM gives back con-
trol that was lost in certain situations. It provides Blaine with away
tomake sense of themandhelps him to reflect onhis ownbehavior
in a mode he understands as a “scientific” inquiry.

While it was not possible to present Blaine’s invention in
front of his whole class, he unpacked the final prototype in
front of his special educations teacher, an individual therapist
and one parent. They praised him for his invention and he
explained in detail how the different parts work together and
what they do. He stated: “I invented this and you built it,”
which indicates that he felt ownership of the design, but less
so part of creating the actualized machine.

3.4. Investigating interests with Claude

Using Co-operative Inquiry (Druin, 1999) we determined that
an object for Claude would have to offer flexibility to con-
tinually capture Claude’s attention in various contexts. After

Figure 4. Playing out a use scenario with the second low-fidelity prototype of
the thinking machine.

Figure 5. ThinkM embodied reflection of situations where the own body fails.
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trying different materials to understand more about the col-
laboration (some of which are depicted in Figure 6), we
explored his use of a digital camera, electrical components
for a smart car and his interaction with hidden letters in
pictures. However, nothing seemed to go beyond a short-
lived interest. Finally, when he interacted with a Kinect, we
found that he was interested in exploring his surroundings, if
they were represented through visually intriguing effects.
After that, we decided that Adaja should visualize surround-
ing sounds and be a shareable device for exploration with
peers.

We then experimented with different forms of visual repre-
sentations of sounds on variable display sizes using wall
projection, smartphones and bracelets. We noticed, that
Claude preferred to interact with the prototypes in an ambient

manner to calm himself. The final object, called Adaja (see
Figure 7), is arranged into a wearable ambient device that
constantly updates its screen according to the intensity of
noise it records.

With Adaja, Claude can explore the sounds of his
environment. He can share the display exhibiting
a visualization of the loudness of incoming sounds with
others or tilt it so that he alone can interact with it.
Whenever a certain threshold is reached, Adaja displays
the words “too loud,” to support him regulating his voice.
In classroom situations, we could observe how the affor-
dances of individual and social interaction led peers to ask
Claude to share his experiences with Adaja, which opened
up even more opportunities for interaction. However, even
in its final realization, Adaja was ultimately only briefly
interesting to Claude. He returned the object during our
last meeting.

3.5. Moving pictures with Dean

In our collaboration with Dean, we adapted Future
Workshops (Vavoula & Sharples, 2007) with elements of
Fictional Inquiry (Dindler & Iversen, 2007). We started by
planning the second episode of his favorite film, “Brave,” set
in the future. That made it possible for us to explore future
everyday activities. For a stronger effect, we introduced
a “magic” silver carpet (see Figure 8) that transported us to
the year 3000. From these explorations, the fundamental
concept of DSmart emerged which would combine watching
trailers of upcoming movies and supporting Dean in telling
his own stories by providing appropriate prompts and
inspirations.

DSmart in its final iteration is a smart companion in the form
of a kaleidoscope that not only informs about upcoming movies,
but can also give prompts for storytelling (see Figure 9). It
functions as a conduit between Dean and his environment,
making the interaction more controllable and, hence, predict-
able. Dean can choose between the video mode displaying up to
threemovie trailers, one after the other, or the storymode, which
shows up to 10 pictures of agents or backgrounds. When the
limit of movies or pictures is reached, DSmart enforces a pause
to avoid a narrow focus on single activities – as per Dean’s
suggestion (!). He wanted his object to be able to do several
things which are unrelated to each other. Accordingly, the story
mode and the movie mode function independently from each
other.

In observation of Dean’s interaction with the object, we
could see that he showed Reactive Embodiment. He physically

Figure 6. Different materials we used with Claude during the ideation and
conceptualization phases bricks and modeling phase.

Figure 7. Adaja the ambient companion for exploring sounds of self and others.

Figure 8. A magic silver carpet transporting us into the year 3000.
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reacted to what happened with the object which on the other
hand influenced how the object presented its content. For
example, he investigated, how the story changes when point-
ing the projector on different surfaces, reacted gleefully to the
change, involuntarily moving DSmart in his hands, creating
a new picture on a different surface, which again made him
explore more or react again.

3.6. Fabricating objects with Quentin

Quentin was very caught in the ideation of things he already
knew or got to know via his science club. Hence, we also tried
out experimental objects (see Figure 10) to tease out new
ideas. On our design journey, two sessions were conducted
at the university, where 3D-printers, a laser printer, a CNC
machine and several smaller fabrication tools are available
(following the concept of Digital Fabrication Frauenberger &
Posch, 2014). Inspired by the potential of these machines and
a prototype for exchanging sound messages from a different
research project,2 we decided to pursue a similar object and
developed the Sound Cubes (Figure 11).

Of all children, Quentin was involved the most in actually
creating his final object. He was very enthusiastic in using
a soldering iron to connect the different parts. However, it
was hard for him to understand, that the object was suffi-
ciently complex that there were further steps to do in
a different session. While he indicated no issues in working
with a set of prefabricated elements, he wanted each session to

come to a conclusion in terms of a finished object that he
could take home. The fidelity of the object was then
secondary.

The Sound Cubes were realized as a pair. However it is
technically feasible to create additional cubes so that any cube
could interact in the same way with any other. The cubes can
record a sound message, replay it or transfer it to another
cube by pressing them together. Every cube can also receive
messages from any other and play these. Each side of the cube
is dedicated to a different function: one for the speakers, one
for the microphone and recording, one for message replay,
one for receiving messages, one for dropping a message and
finally, one to place the cube on.

3.7. Morning routines with Mia

Mia loves everything related to Super Mario games with Toad
and Yoshi being her favorite characters. She also liked com-
municating with us under her terms. For example, in each of
the sessions, we had to make a picture of Mia and her Play
Partner grimacing into the camera (see Figure 12). This was
part of a ritual we established early on in our collaboration.
There were lots of opportunities for her to shape our

Figure 9. DSmart the smart companion for telling stories and investigating upcoming movies.

Figure 10. Experimental objects we used for inspiration.

Figure 11. Sound Cubes – developed together with Quentin.
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interaction and whenever we brought something to the table,
she consistently engaged with it and made it her own. That
way, she reinterpreted methods we introduced and used them
in interacting with others as well, when she felt this was
appropriate. She had a strong sense of social rules or rather
when she was breaking them. Hence, she sometimes let some
of her toys speak for her. During our collaborations she used
Yoshi, Bowser, Super Mario and later Link in order to com-
municate things she did not necessarily feel safe to express in
her own voice.

Using the semantics of a Super Mario game world, we used
theater methods (Sato & Salvador, 1999) and augmented them
with playful elements to learn more about Mia’s life context
(Spiel, Frauenberger, Makhaeva, & Kayali, 2016). We estab-
lished that she finds getting up in the morning very irritating.
She suggested that we create a cushion that wakes her up by
vibrating next to her instead of the disturbing sound made by
her then-current alarm clock.

The resulting Rattle Alarm System (see Figure 13) consists
of three parts. At the core, there is an alarm clock module –
aesthetically modeled after Toad’s head – which displays the
current time through blue lights. The alarm time can be set
through a light touch on top of the module and is displayed
with a green light. When the alarm goes off, the Super Mario
theme song plays in an endless loop and the cushion vibrates.
The alarm can only be turned off by getting up and stepping
on the pressure mat. Shortly after the alarm is turned off, the
clock plays a little melody – different each day – which sets
the mood of the day as a stand-in for a horoscope. We made
sure it always ends on a positive note even though a more
mellow tone can be set before.

When the rattle cushion starts vibrating together with the
engaging Super Mario theme song, Mia perceived this as
a cheery person, waking her up with a gentle touch. Getting
up itself also becomes embodied by having to stand on the
map to turn of the alarm. There is no snooze functionality.
Sharing becomes much more implicit in this context as the
positive experiences with this technology would not be expli-
citly shared, but influence Mia’s interactions with others for
the whole day.

3.8. Exploring (social) spaces with Yvan

Through Contextual Inquiry, we not only learnt more about
Yvan’s core interests, but also how important his 5-year-old
brother Hank is to him. During our ideation phases he constantly
envisionedhis brother to be present in potential use contexts. Yvan
also talks at length about geography, planets and space travel
whenever he could; not always considering whether his audience
is actually interested in listening. He was focused on developing
something that allowed him and his brother to explore faraway
places – preferably in space even. Once we settled on the idea of
a Time Machine, with which we could travel through time and
space, we explored the actualization of this idea through means of
Digital Fabrication (Frauenberger & Posch, 2014). We eventually
decided that it would consist of two parts: an immersive light
blanket and a navigation interface.

Yvan was quite enthusiastic when it came to prototyping
his ideas. While other children had issues with conceptualiz-
ing cardboard prototypes as stand-ins for later, more finished
objects, Yvan had no problem interacting with them as is (see
Figure 14). He enthusiastically provided design critique and
suggested alterations to the design that would improve it from
his point of view.

While the technological parts of the Time Machine (see
Figure 15) are relatively simple, the smartness of the technol-
ogy emerges in use. Through the navigation interface, a user
can control different light patterns on the blanket. They only
become meaningful through the narrative established between
users. Yvan then tells elaborate stories in which he travels to
different planets at different points in time. Once he lands, he
steps out of the machine and grabs different things in the
environment, but gives them a different meaning, appropriate
to the time and place he traveled to. This type of pretend play
is notoriously difficult for autistic children (Jarrold, 2003).
However, the Time Machine introduces just enough structure

Figure 12. Mia and her play partner grimacing at the camera as ritualistic part of
our routine.

Figure 13. The rattle alarm system – Developed together with Mia – left:
cushion, middle: alarm clock, right: pressure mat.
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for Yvan to do so cooperatively. Another effect of the Time
Machine is that it becomes a productive release for Yvan’s
specialized knowledge that engages another person on equal
terms. They experience the immersive space together and can
both shape the narrative. The specialized knowledge becomes
part of a joint adventure instead of a one-sided lecture.

3.9. Traveling through time with Yvan and Hank

After the first working prototype, we continued our collabora-
tion, but included Yvan’s brother Hank. We noticed that Hank,
being the younger brother of the two, often required additional
support from either one of us. Conceptually, we sought to
broaden the concept of time-travel for the brothers to resolve
frequent conflicts over control. At the same time we were
acutely aware that a new version needed to be more robust
than the previous. Our goal was to design something that they
could interact independently with, but provided incentives for
collaboration and joint play. The final version of the time
machine, seen in Figure 16, illuminates the whole room with
a lamp and comes with two different, but similar controls. The
intensity of the light changes with sound input, whereas the
colors change along with the input coming from the gyroscope.
When both navigation elements are put together, they activate
a rainbow light show, where the lamp circles through several
colors. Both children interpreted that as the travel part of their
adventures.

3.10. Narrating numbers with Oliver

Oliver was very interested in building and construction work as
well as elevators and drawing. Additionally, he developed a core
interest into maths number games. We conducted a series of
narrative-driven maker-workshops during which we investi-
gated ideas and built prototypes hands-on (Frauenberger &
Posch, 2014). We started by creating a “construction site” for
his smart object. He could sort, alter and expand on construction
elements and tell a story (see Figure 17). Incorporating mixed
media, such as Lego or Plasticine was effortless for him.

Inspired by his interests in maths and narratives, we
designed an interactive light table on which he could create
images with tokens representing the alphabet, numbers or
animals. While we determined the specifics of the function-
ality and aesthetics over the span of several sessions, we could
also observe how he appropriated certain modes, such as
moving the number games toward the table. This way, we
could support these appropriations during development.

As can be seen in Figure 18, the final object consists of two
core elements: a table with an LED Matrix and a control table
with which Oliver can move the drawings, animate them and
undo previous steps. Additionally, there are tokens to create
numbers, letters and animals. We also provided a set of prefor-
mulated games and tasks that can be solved individually or
collaboratively.

Figure 14. A mid-fidelity prototype of the time machine for use case
exploration.

Figure 15. Time machine in the foreground, the navigation interface, in the
background, the immersive light blanket.

Figure 16. The time machine in its latest iteration. The two navigation elements, all elements and appropriation of the light through a fidget spinner.
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The light table provides several options for solitary engagement
or interactive opportunities with peers and other adults (teachers,
parents). As the core expert, Oliver animatedly shows others how
it works and what can be done with it and he also guides them
through the interaction with the object. Being so familiar with it
enables him to comeupwith ideas for further games and tasks.We
were also able to use the object itself to evaluate our design process
with Oliver as it is so open for all kinds of purposes.

4. Critical reflection

The above accounts tell the stories of collaborations with children
that all resulted in the creation of a “smart” object. Despite having
a common brief and similarities in methods or settings, the narra-
tives are also very different and reflect the diversity in the group of
children we worked with. Some of the resulting objects may seem
mundane or just like another toy, but looking at theways theywere
created and later used, or not, we believe that these case studies
offer insights for rethinking the possible roles of technology in the
lives of autistic children and the approach by which we can design
them.

In the following sections, we aim to tie these experiences
together and reflect the cases through three lenses, which
correspond with the three areas that we had identified in the
beginning as the three areas in which the project would make
its main contributions.

4.1. Theoretical framing

The core premise of the project was to engage autistic
children holistically (i.e., reframing the design of technology
in this context by not taking the disability as the starting
point). Mankoff, Hayes, and Kasnitz (2010) first made the
argument that our conceptualization of disability deter-
mines the kinds of technologies we develop. They asserted
that while a medical model is pragmatically useful, as it
provides concrete requirements and evaluation criteria for
the design of technology, it is also reductive and does not
consider the many other ways in which technology can be
meaningful for disabled people. We have built on this
argument and in Frauenberger (2015) propose to adopt an
interactional model that emphasizes that the disabled
experience is multi-faceted, created by the inter-play of
intrinsic and extrinsic factors. These include the biological
differences or personal attitudes as well as socially created
stereotypes, economic situation or accessibility issues. As
a way of underpinning this, we have proposed critical rea-
lism as a philosophical framework that allows looking at the
same reality (i.e., the disabled experiences) on different
levels and from multiple perspectives.

There is no denying that many traditional assistive tech-
nologies, which focus directly on mitigating a functional lim-
itation, have made a significant contribution and sometimes
made a difference in the lives of disabled people. We would
not want to diminish this contribution, but argue that a focus
on assisting with functioning is only one part of what tech-
nologies could mean for disabled people.

The above cases demonstrate that designing technology from
our perspective leads to outcomes that would have been inacces-
sible to traditional assistive technology approaches. While aut-
ism was part of each of the stories, we believe the outcomes are
about more than the functional limitations of these children. For
example, in Dean’s case, the object specifically supported him in
his storytelling, challenging him in his repetitive thought pat-
terns. However, the object also engages with Dean’s disabled
experience on multiple levels. It spoke to his strong interest for
a particular children’s movie, without locking him into this
world, but connecting with his desire to share his stories with
others in a safe way. The object was designed to be like a magic
wand that provided a safety net in a socially risky situation. This
is similar to Andy’s case, where his strategy to emotionally
regulate by drawing was reframed into an activity that would
not lock him into his own world, but became shareable. Our
approach proved to be effective to engage the disabled experi-
ence of children onmultiple levels to create meaningful artifacts.

However, this reframing and this change of perspective,
also fundamentally challenges some of the foundations in the
field. In conducting research and building knowledge, it
requires us to embrace a different science paradigm. While
a deficit-centered approach readily suggests a (post-)

Figure 17. Oliver drawing around construction elements.

Figure 18. The light table in its final form with elements for math games,
writing and storytelling.
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positivistic mode in which the effect can be objectively quali-
fied, shifting our view to a holistic approach, as we have
aimed for, makes such statements much more difficult, some-
times impossible. Design briefs turn into wicked problems
(Rittel & Webber, 1973) which defy a definite formulation
and for which no single best solution can be found. How, then
can we learn from these cases and transfer our knowledge to
other cases?

In this project we have mainly published on methods or
theoretical frameworks, but rarely felt we could substantiate
knowledge in the designs themselves. We have spoken about
how and why to create these technologies, but not published
guidelines for what should be built. While traditionally assis-
tive technology research built up artifact knowledge, shifting
our perspective did not allow us to do so. We would argue
that this is not necessarily a fault, but a feature as it empha-
sizes the unique situatedness of each disabled experience.
Various scholars in HCI have struggled with this problem,
in particular within the concept of Design Research (see for
example Gaver & Bowers, 2012; H¨o¨ok et al., 2015;
Zimmerman, Stolterman, & Forlizzi, 2010), but little of that
thinking has reached the field of assistive technologies.
Possibly, because disability as a context is far more hetero-
geneous as designing in the mainstream and finding family
resemblances or strong concepts is far more elusive. In this
project, we have experimented with a variant of annotated
portfolios which we called Design Exposès where we
described design artifacts embedded in the process
(Frauenberger, Makhaeva, & Spiel, 2016), but the main con-
tribution remains procedural, rather than artifact-based.

As a consequence, we face the challenge of scaling. Critics
of our approach might say, it is not surprising that we created
meaningful objects for the children we worked with, given the
amount of attention, time and resources we threw at them.
But how would we design for well above 1% of the population,
which is the approximate prevalence of autism3? While we
argue that knowing how is a significant part of that puzzle, we
have yet to find better answers to this question.

4.2. Process

In the planning of this project, our goal was to map out
a range of participatory design methods that would embody
our principle approach. While there exists guidance in the
literature on who to adapt PD methods to working with
disabled children (e.g., Benton & Johnson, 2015), the pre-
mise of a holistic approach required a more substantial
reinterpretation. In the first year of the project, we largely
adhered to following existing methods (Contextual Inquiry
and Fictional Inquiry), but increasingly found ourselves
working in different ways. In Frauenberger, Makhaeva,
and Spiel (2017) we reflect on our use of methodological
building blocks to tailor the process to the child and the
individual context we worked in. Similar to a methods tool
box, we found ourselves fluidly using and blending elements
of different methods, not only in response to the context,
but also considering the previous experiences made with
each child. Based on our own expertise, the child’s back-
ground, the environment and prior results, we would design

each upcoming session anew to move the process further.
Such methodological choices are typically nontransparent,
but with Frauenberger et al. (2017) we have attempted to
provide a systematic way to arrive at a coherent string of
design activities.

Two interconnected concepts have played a significant role
in doing so: Creativity in autism and Handlungsspielraum. As
we have worked with the children, we sought to strike
a delicate balance between providing structures and freedoms
to enable them to think creatively about technology.
Structures were provided through known materials, routines
as well as our own roles. Freedoms were opportunities for the
child to leave their comfort zone and create something new,
sometimes in the form of new materials or activities. We
called the space that is created by structures and freedoms
a Handlungsspielraum4 (Makhaeva, Frauenberger, & Spiel,
2016). This reflects out approach in all the cases described
above. It has helped us to design individual sessions, but also
more generally described the way we engaged children in
a creative process, being careful not to overwhelm them. All
our cases start with the child’s special interest which then is
gradually and carefully modified to lead the child into
a creative process. The concept corresponds to the idea of
flow by Csikszentmihalyi (2009) that balances challenge with
skills, while here we aim to balance structures and freedoms in
design work with autistic children.

Illustrative examples from above include Mia’s case where
the world of Super Mario provided a sense of safety and
sameness, while we carefully hitchhiked it as a lens for looking
at other aspects of her live, in this case her morning routine. It
then allowed us to playfully explore possible roles of technol-
ogy in this space. In Oliver’s case, his drawings, stories and
fascination for lights led us to experiment with a light-table.
Again, known concepts were gradually altered by introducing
new aspects in order to allow the child to creatively play with
them.

At this point, we also reflected more deeply on the question
how we understand creativity in autism. While few studies
have looked into the concept in relation to autism (e.g., Craig
& Baron-Cohen, 1999), we sought to develop our own under-
standing that fits our theoretical framing. In Makhaeva et al.
(under review), we explore different meanings of creativity
and arrive at a conceptualization for our work, that is char-
acterized by being situated, continuous, cumulative, experien-
tial and embodied. In designing activities for children that
enable them to unfold their creativity, this provides a valuable
perspective, as it highlights the need for facilitating a range of
design experiences that become the repertoire with which
a child can be creative with. In most design cases above, we
have used littleBits,5 for example, to expose children to the
idea of causal relationships between sensors and outputs in
technology. Further on, we brought children into the situation
where they could build on these experiences to express their
own ideas.

In terms of the fundamental research question of this
project, if autistic children can be enabled to lead open design
processes with their ideas, we are confidently answering yes.
All our case studies have shown that their course and out-
comes were significantly shaped by what children brought to
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the table. Our methodological work on the roles of research-
ers, innovation in methods of participation, systematic ways
of blending elements to coherent series of activities and our
concepts of Handlungsspielraum and Creativity in autism
have made useful and applicable contributions to the field.
Two features of our work limit the possible applicability of
methodology in other contexts: first, all our participating
children had good language skills and no other significant
intellectual disabilities. This was only partly by design: while
we had planned to start with this group, we initially hoped to
test our approach with children who had more severe com-
munication problems or other comorbidities. However, as
a result of the segregative schooling system in Austria this
meant engaging an organizational structure and access to
children in special schools proved difficult to organize.
The second feature was implicit in how the project was envi-
sioned. Although we started to work with the brothers Yvan
and Hank in the last stage of the project, our methods are
untested in a group context.

We hope to address both of these limitations in our future
work. At the time of writing, a new research project has just
started that will explore roles for technology in supporting
social play in mixed groups of autistic and non-autistic groups.

4.3. Outcomes and evaluation

The shift away from explicitly targeting presumed deficits
creates a significant challenge to evaluating the outcomes.
While classical assistive technologies can be assessed by mea-
suring how efficiently support a disabled person in a certain
situation, with technologies like the ones we created here, it is
much more difficult to assess whether they have been
a success. In Claude’s case for example, his object, Adaja,
seemed to be meaningful to him, but he also quickly lost
interest and even returned it to us after our collaboration
ended. Blaine’s object ThinkM had a very clear use-case
scenario, but after our collaboration ended, he did not actually
use it. Nevertheless, he placed it in his room, expressed pride
and told everyone visiting the story of how he created it
during our time together. On the surface, these reports
might seem like failures, but looking closer, our assessments
produced very nuanced results.

A key prerequisite to getting a grip on assessing the experi-
ences of autistic children with technologies is having a suitable
framework that would allow to capture those. In HCI, the con-
cept of experience, and subsequently the idea of experience
design (UX), is predominately shaped by the work of Wright
andMcCarthy (2008). It hinges on the assumption that assessing
one’s experience with technology can be captured through an
empathetic understanding. For groups, however, who have radi-
cally different life-worlds from researchers, such as autistic chil-
dren, this is more than doubtful. In Spiel, Frauenberger, and
Fitzpatrick (2017) and Spiel, Frauenberger, Hornecker, and
Fitzpatrick (2017), we address this systemic problemand propose
an extended conceptualization of experience that is constructed
from multiple perspectives and through diverse data sources.
Building on Actor-Network Theory (ANT, Latour (2005)) and
Critical Discourse Analysis (CDA, J¨ager and Maier (2009)), we
look to qualify the child’s experience from the relations between

all actors in the network. While ANT provides us the network of
human (e.g., the child, parents, researchers etc.) and nonhuman
(e.g., the smart object, software etc.), CDA provides us a way to
make statements about the relationships between them. The data
sources for such an analysis are manifold, ranging from log data,
formal studies to interviews or observations. Two aspects are key
here: such an understanding of experience is multi-faceted and
might produce contradictory results. For example, the ambiguity
of Blaine not using his thinking machine as devised, but telling
everyone proudly about its creation becomes part of his experi-
ence with the technology.

Another feature of such an extended concept of experience
is that it allows room for a perspective that is typically mar-
ginalized, particularly with disabled people: the perspective of
the people themselves. While self-reports of experiences have
obvious limitations, they add a valuable dimension when put
into context with others. In Spiel, Malinverni, Good, and
Frauenberger (2017), we have made the case for a method
for participatory evaluation with autistic children. When facil-
itating such contributions, they offer unique insights into the
overall assessment of how an engagement was successful, or
not. In Mia’s case, for example, we invited her to write
advertisements for her smart object in a newspaper. The
way she portrayed the benefits of having such a device were
a valuable contribution in painting a more holistic picture of
her overall technology experience.

Participatory Evaluation also opens up a scope for asking
more fundamentally which measures of success are relevant.
We have argued that this depends on who these measures are
for. Involving children’s perspectives in the evaluation can
enable researchers to critically reflect on what defines success
for different stakeholders in the process. In the case of Mia,
the activity around the advertisement prompted her to
develop a practice of creating small magazines with stories
which she has sustained until the present day and now even
distributes copies at school. Being focused on traditional out-
come measures would have made us unaware of this success.

While we argue that these approaches are pointing in the
right direction, many questions remain open. As above, it is
unclear how well these approaches hold up when working
with children that have less language or other additional
deficits. Certainly, we need innovation in terms of methods
to find ways in which this group can effectively take part in
co-constructing experience. All the methods we have
deployed also require substantial time and effort. It will be
necessary to develop methods that are participatory, but
more light-weight. Also, we only have looked into
a limited range of data sources that we draw on. Different
research contexts may open up possibilities to collect very
different kinds of data, for which we need to develop new
ways of analyzing. It is quite possible that such data comes
from more formal user studies which lead to the challenge
of how such diverse types of data sources could be mean-
ingfully integrated to make qualifying statements about
relationships between actors. Finally, we recognize that we
need to disentangle power relationships (compare Bratteteig
& Wagner, 2014) in co-constructing experience and criti-
cally reflect how these power differences skew our
interpretations.
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5. Conclusion

In this article we have provided the synopsis of the
research project “OutsideTheBox Rethinking Assistive
Technologies with Autistic Children.” We have laid out
the fundamental argument of the project, the aims and
planned methodology. We then have presented a series of
case studies which tell the stories of our experiences in
working with autistic children to create their own smart
thing. In the last part of the article, we critically reflect on
the project and across the different cases. We do this
through three different lenses which correspond to the
areas in which this project has aimed to make its main
contributions. Arguing for a shift in the theoretical fram-
ing, we discuss how changing one’s conceptualization of
disability leads to being able to imagine very different
kinds of technology for disabled people. In Process, we
reflect on our methodological contributions and their lim-
itations. And finally, in Outcomes and Evaluation we dis-
cuss how our argument impacts on possible measures of
success and their co-construction.

We believe this project has made a difference on several
levels. Firstly, we like to think that the participating children
have gained from our collaboration and are empowered to
think differently about technology. Secondly, we hope that
this shift in thinking extends to other stakeholders such as
parents, teachers and policy makers. Through various out-
reach activities, we have also actively sought to carry this
discourse into the public domain and kick-start a broader
discourse about disability and about what roles we expect
technology to take in this context. Academically, we have
demonstrated that it is possible to develop smart, digital
things in ways that are driven by the ideas of autistic children.
We have made significant contributions in terms of theory,
methodology and design practice that we hope will be usable
for others to build on and extend into other contexts.

Notes

1. We are aware about complex discussions surrounding person-first
vs. label-first language; we opt for the latter, due to it being the
predominantly self-chosen form (Kenny et al., 2015).

2. http://igw.tuwien.ac.at/sparkling.
3. Several studies exist that estimate the prevalence of autism spec-

trum conditions. The results differ depending on context, method
and when these studies were conducted (e.g., 1.57% in Baron-
Cohen et al. (2009), 2.64% in (Kim et al., 2011), 2.47% in Xu,
Strathearn, Liu, and Bao (2018)).

4. German for Scope of Action or literally Action-Play-Space.
5. http://littlebits.cc.
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ABSTRACT
This paper describes the design work being conducted as part of the
OutsideTheBox project. Within the time-frame of eight months, we
engaged four children with autism in a participatory design pro-
cess to develop their own smart object. We re-interpreted Future
Workshops and Co-operative Inquiry to demonstrate that a) autistic
children can lead processes with a deliberately open design brief
and b) this leads us to explore design spaces that are un-imaginable
for neuro-typical, adult designers. To capture these four design
cases, we have developed Design Exposès, a concept that is in-
spired by annotated portfolios and Actor-Network Theory. We ap-
ply this concept to our cases and present four exposès that subse-
quently allow us to draw out intermediate-level design knowledge
about co-creating technology with autistic children. We close by
critically reflecting on the design processes as well as our concept
of capturing them.

Keywords
children; autism; participatory design; research through design; an-
notated portfolios

Categories and Subject Descriptors
H.5.m. [Information Interfaces and Presentation (e.g. HCI)]:
Miscellaneous

1. INTRODUCTION
When technology is designed in the context of people with dis-

abilities, the starting point is commonly provided by the functional
limitations of the particular user group. Consequently, work ranges
from practical support, such as way finding for the blind [42], to
learning interventions, such as enhancing emotion recognition in
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autistic1 children [22]. While such work certainly has improved the
lives of many people with disabilities, we argue that it ignores a de-
sign space that goes beyond mitigating functional needs (cf. [31]).
Well-being and disabled experiences in our society are more com-
plex and multi-faceted as this reductionist view on function would
allow to infer (cf. [15]).

This paper describes the work in OutsideTheBox, a research
project aiming to explore new meaningful roles of technology in
the lives of children with autism. It aims to go beyond functional
limitations and engage with ideas, desires and problems of autistic
children in a holistic way. In a radically participatory process and
taking advantage of the UbiComp opportunity space, we work with
children to co-create their own smart objects. The design brief only
postulates two requirements: a) the design should meaningfully fit
into children’s life and afford positive, interactive experiences and
b) it should embed qualities to scaffold the child in sharing those
experiences. While the brief is deliberately open, it focuses on a
holistic notion of overall well-being and support. With Outside-
TheBox, we want to demonstrate that it is possible to develop de-
sign processes that enable autistic children to lead as experts in
their lives and with their own ideas, opening design spaces that
are un-imaginable for neuro-typical, adult designers. In this sense,
OutsideTheBox also aligns itself with critical design [1] and more
broadly research through design [45]. As scientific outcome, the
project maps a conceptual space of participatory design methods
alongside with a number of case-studies that ground the underlying
argument in concrete processes and artefacts.

OutsideTheBox has completed its first full circle, which is the
basis of what we report here. We have engaged four autistic chil-
dren and worked with them over the course of eight months to de-
velop and realise four smart objects.

The contribution we want to make with this paper is twofold.
Firstly, we will focus on the design process and our interpreta-
tions of participatory methods, with the goal to add to the knowl-
edge about how to effectively engage autistic children with an open
design brief. Secondly, we were challenged by the lack of con-
cepts and tools that would have the descriptive power to capture
the richness of these design processes and their outcomes. Knowl-
edge production in interaction design is currently a hotly debated
topic [27]. In this paper we evolve the concept of annotated port-
folios [5, 20] through incorporating concepts that we borrow from
Actor-Network Theory (ANT) [30] to describe how the participa-

1This paper uses both, person-first and label-first language to re-
flect that many self-advocacy groups have recently expressed that
the traditional person-first language is not reflecting their sense of
self while many professionals in the field still prefer it [29, 37].
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tory design work with our children unfolded over time and within
its evolving socio-technical context. We call the format we have
developed to describe design case studies Design Exposès, which
become the constituent parts of our portfolio.

The following section lays out related work, both in terms of the
context of our research, autism and technology, as well as previous
efforts to capturing interaction design knowledge. We follow by
introducing OutsideTheBox in more detail, present the concept of
Design Exposès. We then apply this format to present the four
case studies from our work and provide a synopsis across them to
identify more generic design knowledge for creating technologies
with autistic children. We critically reflect on OutsideTheBox and
the approach we have developed to capture the case studies before
we conclude by laying out future work, both in terms of the project
as well as evolving the methods to capture its outcomes.

2. RELATED WORK

2.1 Autism & Technology
Autism Spectrum Conditions (ASCs) are a broad range of neuro-

developmental disorders that are believed to be rooted in a complex
interaction between genetic and environmental factors [12]. Across
the spectrum, these conditions share traits that also represent the
main diagnostic criteria: 1) impaired social interaction, 2) impaired
communication and 3) rigidity of behaviour and thought patterns.
Its prevalence is estimated to be above 1% (e.g., 1.57% in [2]).

Computer based intervention programmes are seen to be a par-
ticularly promising route for this population due to their affinity for
technology as a predictable and safe medium [34]. However, de-
signing and evaluating technology for learning or intervention in
the context of autism is highly challenging and evidence for its
effectiveness, particularly in terms of generalising taught skills,
remains in short supply [14, 23]. These challenges are largely
rooted in the heterogeneity of autism: while the triad of impair-
ments is present across the spectrum, manifestations on the spec-
trum can range from people with very little language and multi-
ple other impairments to high-functioning autistic people who have
not received a diagnoses until later in life. Moreover, even within
comparable levels of skills and abilities, the way autism impacts
on behavioural patterns, perceptual sensitivities, special interests
or intrinsic motivations varies widely which makes one-size-fits-all
technology not viable.

A number of recent works have looked into exploiting technol-
ogy to address specific functional limitations in autism, either as an
educational intervention (e.g., the Transporters - an emotion recog-
nition intervention [22]) or as a practical aid (e.g., vSked - an in-
teractive, collaborative scheduling system [25]). Increasingly, the
involvement of children with autism in the design process is seen
as particularly valuable [6]. However, it also presents specific chal-
lenges ranging from managing narrow interests, perfectionism and
social anxiety (cf. Frauenberger et al for a more detailed discussion
[16]) which has led to an over-representation of high-functioning
autistic children in research studies. Examples of involving autis-
tic children in technology design include the work by Millen at al
who co-designed an educational collaborative virtual environments
for children with ASC [32] and Hourcade et al developing multi-
touch tablet applications to enhance their social skills [26]. Benton
and Johnson have recently presented an extensive literature review
on the inclusion of children with special needs in technology de-
sign which included a number of projects with autistic children [3].
Their overview shows that children’s roles, the quality of participa-
tion and the potential scope for impact ranges widely within partic-
ipatory projects.

Benton and Johnson’s review also sheds light on the motiva-
tions behind projects, which often align themselves implicitly with
reductionist models of disabilities. As Mankoff et al point out
[31], most assistive technology pragmatically focuses on functional
needs, as they provide specific targets for technology as well as
suitable outcome measures for evaluation. However, disabled ex-
periences are increasingly seen as a more complex interaction be-
tween personal and societal factors (cf. Shakespeare [36]) with
fundamental consequences for what can drive the exploration of
meaningful roles of technology in the lives of people with disabili-
ties [15].

2.2 Research Through Design
Along with what has been called the third paradigm in HCI [24],

designerly approaches have become central to researchers and prac-
titioners in the field. The real-world complexity of the problems
and the turn to designerly practice has, however, also created chal-
lenges for HCI’s relationship with theory, or science more generally
[38]. In an attempt to dispel the “black art” of design [43], a dis-
cussion ensued about how research through design can be rigorous
and contribute theory while not loosing its relevance in the wild
[13]. Pointing to the shortcomings of design research for knowl-
edge production, Zimmermann et al advocate formalising the ap-
proach to be able to effectively build on each others work [46].
In response, Gaver argues that conformity and standards might di-
minish the unique affordances of design as a research approach and
advocates for acknowledging the diverse range of theoretical con-
tributions design can make [21].

We argue that the meta-physical questions about what can be
known? and in which ways can we know about it?, are at the very
core of this debate. The seminal works by Schön [35] and Cross
[7] have laid the foundations for our understanding that there are
different ways of knowing in design and HCI (also compare Olson
and Kellog’s recent book, showcasing the diverse range of perspec-
tives [33]). The main challenge for Research through Design be-
comes how to capture knowledge that can be integrated vertically
with other kinds of knowledge, made accessible for theorising, ad-
vancing the foundations of the field, and be practically (re)applied
in ways that are true to the spirit of design.

2.3 Capturing Interaction Design Knowledge
In a workshop at CHI 2015, Höök et al addressed the challenge

of knowledge production in Interaction Design, highlighting many
different previous attempts to capture what they call intermediate-
level2 knowledge [27]. These range from design patterns [4] to
strong concepts [28] and annotated portfolios [5]. While the for-
mat and scope of these concepts varies, they all represent attempts
to strike a balance between re-use and situated validity, literally
connecting theory and practice.

While most of the intermediate-knowledge formats above are de-
scriptive and retrospective in nature, Schön’s concept of knowledge-
in-action foregrounds that much of the design knowledge is tacit
and embodied, inaccessible after the fact, but invaluable resources
in action. Along these lines, Dalsgaard and Halskov have devel-
oped a tool that allows designers to document their decisions within
the process [8]. They see their tool serving multiple purposes, that
of documentation, reflection and being a source of insight. In re-
lated work, Dalsgaard, Halskov and Nielsen also explored maps
(overview, strand and focal maps) as a more visual way to reflect
and document design processes [9].

2In their use of the term “intermediate” they refer to knowledge that
neither has reached the level of a universal law, nor is knowledge
that is exclusively bound to a specific instance.
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As the approach to describe OutsideTheBox builds on the con-
cept of annotated portfolios, we would like to discuss it here in
more detail. Initially introduced by Gaver [21], his co-inventor
Bowers elaborated on the concept, also providing a working ex-
ample of annotations to the design portfolio of the Goldsmiths In-
teraction Research Studio [5]. Annotated portfolios identify family
resemblance across a collection of designs with the goal to connect
the ultimate particular [38] with “broader concerns”. They stress
that portfolios can be annotated in different ways, serving partic-
ular audiences and that the connection between material (artefact)
and text (annotation) is mutually informing. Bowers concedes that
annotations have limited rationality, giving them weak predictive
or explanatory power. Nevertheless, he argues, annotated portfo-
lios are descriptive and generative-inspirational, which might be
what design theory should be about.

2.4 Actor-Network Theory (ANT)
Despite being called a theory, ANT might better be characterised

as a constructivist philosophy and a tool. Originating in the con-
text of Science and Technology Studies (STS) and sociology more
broadly, its fundamental idea seems simple, but has some radical
implications: the social is constructed by virtue of the relations be-
tween actors, which can be human and non-human and form in a
network [30]. The symmetry between human and non-human ac-
tors is controversial as it attributes objects with agency (but not
intent) as soon as they have a relationship with other actors in the
network [39]. Latour, one of the founding fathers of ANT, stresses
that the social he refers to is not something that could be separated
from other disciplines, activities or aspects of life. He would argue,
that there cannot be “social aspects” of computing (or physics, or
economics), as it is the dialectical associations between computing
artefacts and humans, the “glue” as Latour puts it, what is social.

In an exploration into materiality and interaction design, Fuchs-
berger et al have already hinted at the potential of ANT to be used
to describe design [19]. They state

ANT would explicitly include the activity of the in-
volved actors into the descriptions, i.e., of materials,
designers and users.

and go on

It would provide a common way of describing the de-
sign examples, and thus facilitate a shared understand-
ing especially in the materiality discourse.

With Design Exposès we take up this idea and develop a format
that is inspired by the relational principles of ANT.

3. OUTSIDETHEBOX
Motivated by exploring technology co-creation that responds to

desires, ideas and needs of autistic children that go beyond mit-
igation of functional limitations, OutsideTheBox was initiated as
a three year research project that is organised in three cycles. In
each cycle we engage four to six children in a design process that
re-interprets two different participatory approaches (i.e., six in to-
tal over the course of the project) to investigate how children with
autism can lead processes with a deliberately under-specified and
open brief. A cycle starts with a phase of contextual enquiry (e.g.,
[40]) that allows us to learn more about the child, their social envi-
ronment and the situated context. Subsequently, the design phase
commences with workshops conducted around every fortnight. The
natural end point of the design work is reached when the child is
receiving their co-created smart object to take home, upon which

the evaluation phase starts. Overall we aim at eight to 15 design
sessions over the course of six to eight months.

In year one, i.e. the first cycle, we invited four boys, Lucas,
Thomas, Bruno and Holger3, who all attended integrative main-
stream schools in Austria. We re-interpreted Future Workshops
[41] with two of them and Co-Operative Inquiry [11] with the other
two. Over the course of eight months, we met the children between
10 and 14 times until their smart object was finished. Table 3 pro-
vides a summary of age, official diagnosis, approach, the name of
their smart object and the number of meetings with them. More de-
tails on their individual profiles are provided in the respective case
studies.

ID (Age) Diagnosis Approach Object name #
Lucas (8) Autism FW LSmart 14
Holger (6) HFA FW ThinkM 13
Bruno (6) HFA CI Adaja 14
Thomas (8) PDD-NOS CI ProDraw 10

Table 1: Research Partners in the first year of OutsideThe-
Box together with diagnosis, age, design approach used, name
of the finished object and number of meetings; FW: Future
Workshops, CI: Co-Operative Inquiry; HFA: High Function-
ing Autism, PDD-NOS: Pervasive Developmental Disorder -
Not Otherwise Specified

Before meeting the child, parents and teachers received informa-
tion about the project and the planned activities. They then were
asked for written consent for participation, the collection of data
and their anonymised use. We then conducted semi-structured in-
terviews with mentors, teachers and parents4. Provided with this
initial background information, the first meetings with each child
aimed primarily at getting to know each other and building rapport.
Meetings would always take place at the child’s school, typically
in a separate room adjacent to the classroom. Teachers or mentors
were sometimes present in the beginning to make the child feel
safe, but in all cases this was not necessary anymore after the first
few meetings.

Throughout the collaboration, we assigned the role of a Play
Partner to one researcher and that of an Active Observer to the
other researcher present. We developed these roles, inspired by
work in special needs pedagogy, specifically to overcome power
differences (publication forthcoming). The two approaches, Future
Workshops and Co-operative Inquiry, were interpreted freely and
flexibly, responding to what the researchers perceived as the most
promising routes to support the child’s creative capacities. Every
workshop was planned individually and on the basis of all previous
experiences with the child.

After concepts for smart object emerged from the workshops,
prototyping became increasingly important in the sessions and in
between them. After a period of intense implementation with less
frequent meetings, the finalised prototypes were handed over to the
children at the end of the school year. Currently, the working pro-
totypes rest with the children and we collect data from diaries, logs
and interviews for an in-depth evaluation of these technologies,
which will be reported elsewhere.

3All names changed to protect their privacy.
4In the local education system each autistic child is assigned a
“mentor”, a special needs pedagogue with extensive experience
with autism to support the child, the school and the parents in
transition periods or in times of crises. Additionally, integrative
mainstream classes typically have one main teacher and one spe-
cial needs support teacher present at all times.
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Figure 1: Blueprint for a design exposè in the OutsideTheBox
portfolio

4. ANNOTATED PORTFOLIOS EVOLVED
- DESIGN EXPOSÈS

Before we go on to describe the four design processes with Lu-
cas, Holger, Bruno and Thomas in more detail as case studies, we
present here the format we have developed to capture the kind of
design experiences we have made over the last year. We have
called these descriptions Design Exposès to emphasise that they are
concise descriptions of design processes that expose multi-faceted
aspects from which a kind of “intermediate-level” knowledge can
emerge [27]. In this work we build on annotated portfolios [5] and
Actor Network Theory (ANT) [30] as introduced above.

From annotated portfolios we take their fundamental focus on
the artefact and the concept of family resemblances across designs
that can be annotated to point to something more fundamental than
the ultimate particular. From ANT we borrow the core concept that
human and non-human actors are forming networks that dialecti-
cally influence each other and can evolve over time. Each artefact
can be seen as a product of the interaction between actors, both
human (e.g. children, researchers) and non-human (e.g., materials,
methods or values), whereby the artefact itself emerges as an actor
in the network. We argue, that to be able to capture the essence of
creative design processes such as the one we have experienced, it
is essential to understand and analyse the nature and quality of the
relationships between these actors over time.

Figure 1 provides the blueprint for a design exposè, the descrip-
tion of a design case study in the OutsideTheBox portfolio. It con-
sists of various parts that we subsequently will introduce in more
detail. The overall organising principle is time. While the meetings
and workshops with the child are marked as the most prominent
events on this time line, we want to stress that the times in between
are equally important and filled with activities such as analysis, in-
terpretation, planning or making.

The upper half of the exposè consists of five layers of reflec-
tions over time which each take a specific perspective on the pro-
cess. Here we build on the work of Frauenberger et al [17] who
proposed a “tool-to-think-with” for structured reflection on partic-
ipatory design processes to expose their internal validity and co-
herence. Their tool consists of four lenses: values, stakeholders,
outcomes and knowledge. For the purposes of design exposès we
modify these slightly: the central layer (blue), serving as a refer-
ence to all other annotations, is called Artefacts / Concepts. An-

Figure 2: Example from the layered reflection part of Lucas’
design exposè

notated pictures of evolving artefacts or prototypes serve as anchors
to ground the process in the physicality of the objects created. The
Social Relations / Networks layer (yellow) focuses on the rela-
tionships of people within the design process. This includes anno-
tations about fostering rapport between design partners, the emer-
gence of roles and responsibilities, but also power differences and
conflict. The next layer (orange) concerns itself with Physical Set-
tings / Materials. It looks at how the physical spaces in which the
design takes place influence the process and it marks the introduc-
tion of materials and how their qualities and affordances impact on
the creative work. The final two layers (green and grey) take the
perspective of designers and children respectively. In Knowledge /
Designer Perspective we track key insights for us as designers that
have informed decisions, both in terms of the design itself and the
development of the methodology. The Empowering / Child Per-
spective collects expressions of children that provide hints of how
children see their own role in the collaboration. This includes, for
example, quotes that implicate value statements about the work or
observational notes on behaviour changes that indicate that a child
becomes more confident in expressing their ideas or in manipulat-
ing artefacts. Figure 2 provides an example slice from the design
exposè created for the Lucas case study to illustrate the concept and
nature of annotations.

The lower half of the exposè, while still organised along the same
time line, exposes very different aspects of the design process. In-
spired by ANT, it depicts the networks of human and non-human
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Figure 3: Example from Thomas’ design exposè showing the
network at the conceptualisation stage.

actors as they unfold over the course of the design process. We
have identified five major stages in our work: ideation, conceptual-
isation, prototyping, refining / testing and evaluation, for which the
exposè contains one network graph each5. These network graphs
contain nodes that are of the nature of people, methods, concepts,
materials, and objects. Their relations are framed not only within
the temporal stage, but also in physical settings, the methodolog-
ical approach and core activities taking place. Figure 3 shows an
example from the design exposè of Thomas at the conceptualisa-
tion stage. Active human actors (yellow) include Thomas, the Play
Partner, the Teacher and the Active Observer. The latter frames the
work conceptually by implementing the design methods (circle in
green and activities in the middle). Other framing elements include
materials (orange) such as the Lego bricks and the different physi-
cal environments (dotted circles). Within the frame design concepts
emerge: adding elements to change the character of a drawing and
the scaling as determining the narrative. A relevant child perspec-
tive is also present in the network: the desire for sharing his art,
which at this stage has not yet been translated into a design con-
cept.

Creating design exposès is in itself a process of reflective anal-
ysis regardless whether it is done retrospectively like for the case
studies below, or in-action as we are currently using them. Pop-
ulating the upper half with meaningful notes requires identifying
and interpreting data points from different perspectives, for exam-
ple looking for quotes in transcripts that point to how children ex-
perience their own role. In a second step, these notes need to be
aligned on the common time-line and the resulting dependencies
provide a first opportunity for insights to emerge. Creating net-
works for the lower part of design exposeès can be a complex un-
dertaking. Firstly, the temporal scope for a network needs to be
defined. In the case studies below we have found traditional design
stages (ideation, conceptualisation, prototyping, refining / testing

5As the evaluation stage is beyond the scope of this paper, we have
omitted this stage in the exposès below

and evaluation) to be the most appropriate, but depending on the
context and the analytical perspective taken, these might be differ-
ent. Subsequently, relevant nodes and frames, like stakeholders,
materials, spaces or concepts, need to be identified which is by no
means trivial and requires good judgement about the potential im-
pact of actors on the network—and thereby about the scope and the
direction of analysis. Lastly, relations between nodes need to be
qualified which can be informed by a great diversity of data, e.g.,
observations, transcripts, diaries or log data. The level of complex-
ity at this stage is potentially infinite and again, this activity relies
on good judgements about appropriate sources that describe rela-
tions in meaningful ways.

5. DESIGN CASE STUDIES
The following are the textual summaries of the four case studies

and are meant to complement the full, graphical representations of
the design exposès. Since the available space here does not allow
to include the exposès directly, they are attached to the paper as
supplementary material. Figure 4 shows the four finished designs

5.1 ThinkM
Holger has been diagnosed with High-Functioning Autism. He

engages animatedly in verbal discussions about his favourite topics,
but is easily overwhelmed by demands of social interaction which,
for example, repeatedly leads to difficult situations in class with
his class-mates or his teachers. We met with Holger in a separate
room inside his school building, down the hall from his classroom.
During the very first session one of his teachers was present, but
was not required for further meetings. From the start, Holger iden-
tified himself as a researcher. Therefore, our working space was
framed as a research lab, which Holger divided into designated ar-
eas for brainstorming and prototyping. We initially enquired into
his interests through drawing activities and by discussing objects he
liked. After a few sessions, Holger considered his play partner as
equal and respected the active observer as authority figure. He del-
egated tasks to his play partner when he had difficulties doing them
by himself (i.e., writing long words). On several occasions he dis-
played pride of results obtained in collaborative work and indicated
that he felt like being part of a research/design team.

Re-interpreting Future Workshops (cf. [41]) as our co-design
method, we started to investigate current tools for research, before
projecting them into future scenarios. Holger focused his interests
on two main ideas: a machine to better concentrate with (Thinking
Cap) and a machine to remind a user of forgotten events (Remem-
bering Machine). Initial paper prototypes allowed Holger to test
out forms and sizes quickly. That way he could make informed
decisions about the form of the head mounted part of his object
working simultaneously as a Thinking Cap and as a recording de-
vice for the Remembering Machine – ThinkM. He also specified
certain interaction modi, e.g., data transmission had to be wireless
and directed to a certain screen device. He stated, that he could not
remember events in which he became aggressive, which led us to
frame ThinkM as a device to capture and reflect on such situations
in a calm environment. We thus decided to introduce Holger to the
possibility of using a pulse sensor and included this data in the visu-
alisation of captured events. When trying out a pulse sensor, Holger
quickly linked the data with his emotional state through self-paced
experiments. The more Holger understood that ThinkM would ac-
tually be a functional device at some point, the more he was able
to make compromises between what his skills allowed him to do,
what was technically feasable and his perfectionism.

ThinkM now consists of a wearable device – headphones – and
a base station. The wearable device holds a camera and a pulse
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Figure 4: The four finished prototypes (left to right): ThinkM, LSmart, Adaja and ProDraw

sensor; both record data when being put on. When base station and
headphones meet, pictures and pulse data are transferred and shown
in a loop on the base station. Over time, ThinkM looses some of its
memory in order to mimic the behaviour of a human brain. Using
ThinkM, Holger can share activities e.g., on school trips, with his
parents and reflect on individual situations. It provides him with a
way to make sense of situations he cannot comprehend completely
at the time and helps him to reflect on his own behaviour in what
he sees as a “scientific” activity.

5.2 LSmart
Lucas has been diagnosed with autism at a very young age and

subsequently received Applied Behavioural Analysis Therapy. As
a result, he has excellent verbal skills in two languages and appre-
ciates structures and being in control while also being considerate
of other people he interacts with. For our sessions with Lucas we
were able to use a play room adjacent to his classroom. During our
first, brief meeting in the classroom, his mother and two teachers
as well as other class mates were present. The actual design ses-
sions were conducted without any other adults present. Through
initial tasks for contextual enquiry (such as sampling audio) we
learnt that he is very enthusiastic about movies and storytelling. It
took Lucas a few sessions to gain trust and confidence in the col-
laboration. Initially, he rarely voiced his own opinion. Very soon,
however, he started defending his play partner and over the course
of the year, he was able to share activities and tasks with them. The
play partner’s function was less direct support, but rather trying out
activities that were unknown to Lucas to show that they are safe.
This encouraged him, to e.g., use finger paint although he found it
uncomfortable before.

For the conceptualisation phase, we adapted Future Workshops
(cf. [41]) with elements of Fictional Inquiry (cf. [10]). We started
by planning the second episode of his favourite film, “Brave”, which
would play in the future. That made it possible for us to explore fu-
ture everyday activities in the movie and more generally. The fun-
damental concept of LSmart emerged which would combine watch-
ing trailers of upcoming movies and supporting Lucas in telling his
own stories by providing appropriate prompts and inspirations.

During the prototyping phase, we first had to develop the concept
of prototypes as a stand-ins for a functional object. For example,
we experimented with forms for LSmart using cardboard, but it was
conceptually hard for Lucas to also incorporate electronic materials
in the cardboard prototype. However, he frequently used prototypes
as props for storytelling.

In its final stage, LSmart is now able to show video trailers and
support storytelling via the display of characters or potential set-
tings. The form of LSmart is inspired by a kaleidoscope. Lucas
can share interesting trailers and story prompts with others by aim-
ing the in-built projector at a larger surface, or choose to view the
content by himself using his hand as a private screen.

5.3 Adaja
Bruno was diagnosed with High Functioning Autism shortly be-

fore entering school. At the time, he was already able to read
and write in two languages, albeit his young age, but was easily
distracted from tasks and had short attention spans. With Bruno
we worked initially in a scarce room that usually hosts the school
nurse, but had to change to a larger play room after a few sessions.
During the first meeting, a special education teacher was present
to provide a stable point of social safety; however, their presence
was not required in further meetings. Bruno is very curious and has
many interests. He uses writing to emotionally regulate himself in
moments of distress. He also likes playing with letters or words
and is obsessed with cars. The structure of the sessions was soon
clear to him and he started accepting the roles of his play partner
and the active observer early on. When we changed our setup from
working on a table to working on the ground, the sessions became
much more lively and interactive.

For a very long time we were trapped in the conceptualisation
phase. Bruno’s interest in the sessions was challenged by the sur-
rounding toys in the play room. At the same time we were commit-
ted to not simply creating a toy for him, even though our design
brief is deliberately open. While the name of a potential smart
object, Adaja, was set early on, we found it difficult to establish
a longer-lasting interest besides cars. Using Co-operative Inquiry
(cf. [11]) we determined that the finished object would have to
offer flexibility to continually capture Bruno’s attention in various
contexts. We explored his use of a digital camera, electrical com-
ponents for a smart car and his view on hidden letters in pictures –
all to no avail. Finally, when he interacted with a kinect, we found
that he was interested in exploring his surroundings whenever there
were visually intriguing effects. After that, we decided that Adaja
should visualise surrounding sounds and be a shareable device for
exploration with peers.

We then experimented with different forms of visual represen-
tations of sounds on variable display sizes using wall projection,
smartphones and bracelets. We noticed, that Bruno preferred to
interact with the prototypes in an ambient manner to calm himself.

Adaja is a wearable with which Bruno can explore the sounds of
his environment. He can share the display exhibiting a visualisation
of the loudness of incoming sounds with others or tilt it so that
he alone can interact with it. Whenever a certain thresh-hold is
reached, Adaja displays the words ’too loud’, in order to help him
regulate his own voice.

5.4 ProDraw
Thomas has been diagnosed with a Pervasive Developmental

Disorder – Not Otherwise Specified. He has limited operational
language, but is tremendously talented at drawing. Our first few
meetings with Thomas were helped by the presence of his teacher.
We met in a play room adjacent to his classroom for this and all sub-
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sequent sessions. Thomas is rather shy, does not like meeting new
people and uses language on a barely functional level. He loves to
draw – especially princesses. With his drawings, he communicates
and non-verbally tells stories. Only after a few sessions, he started
directly interacting with us. There was a pattern for each meeting,
where he first refused to work with us at all, needed persuasion to
finally do so and later reported to his teacher how amazing he found
the things we did together. This convinced us to continue with him,
even though he indicated at the beginning of each session that he
would rather do something else.

It was difficult for us, to engage Thomas in shared activities with
his play partner. He rather worked for himself or delegated tasks.
E.g., Thomas took over sketching, but asked his play partner to
do modelling tasks. We used Co-operative Inquiry (cf. [11]) as a
method for co-design with Thomas. We explored a set of drawings
he made in one of the initial sessions, scaled them up to different
sizes using a photo copier and observed his interactions with them.
He started to draw on various of the snippets to alter their character
and started playing with them. This led us to define two modes for
Thomas’ smart object: a drawing surface and an animation mode.
He liked sharing some of his drawings, but not all, so we addition-
ally chose to incorporate the scaling concept by using a projector.

We created a mockup using a combination of a projector and a
Magic Trackpad for drawing, using Scratch for animating his draw-
ings. Thomas cared less about the look and feel of his object than
about what he could do with it. He was, however, very keen on
defining key colours for ProDraw: pink and purple.

In its final realisation, ProDraw is a single object with a touch
enabled surface on which Thomas can draw and switch between
modes. He can also animate figures by moving a controller, based
on a Nintendo Wii controller quickly, e.g., while running on the
spot. When showing his drawings to his peers with ProDraw, he
was praised and envied – the first time since he entered school, as
his teacher assured us. He tends to share finished drawings and
only rarely includes others in the process.

6. SYNOPSIS OF DESIGN CASES
The above accounts along with the graphical exposès provide a

rich and multi-faceted description of the design processes and their
outcomes. The format we have developed, however, also serves us
as an analytical tool in that it enables us to reveal connections, rela-
tions and patterns in time and structure that represent starting points
for eliciting design knowledge. In what follows we conduct a syn-
opsis across the exposès in search for “family resemblences” [5]
within our portfolio, that connect the situated designs with “broader
concerns”. These can be seen as intermediate-level knowledge sim-
ilar to “strong concepts” [27] in that they represent design insights
that do not possess universal applicability or predictive powers of
theory as traditionally conceived, but provide valuable guidance for
research and design when interpreted within its context and histor-
icality.

A central concept that emerges from the exposès is the strategy
to engage autistic children through their special interests and trans-
late them into a frame for exploration that gradually opens up
the design space. Narrow, special interests are a hallmark feature
of autism and we found them being strong motivational drivers in
all of our participants. But we also found that they can provide
motivating vehicles into the creative process: Lucas, for example,
was obsessed about a particular movie that provided narrative entry
points for subsequent design work and established the fundamental
theme of storytelling that shaped his smart object. Thomas fre-
quently fell into drawing as a repetitive activity that helped him to
emotionally regulate his excitement levels. Drawing and sketching

became the frame for exploring the design space and, again, was
shaping his smart object in fundamental ways. Holger’s fascina-
tion with researchers allowed us to introduce scientific instruments
and measuring tools as a fundamental idea that was both meaning-
ful to him and useful for us as a design theme. Bruno’s affinity
with words and letters equally determined the directions we took
with his work. In this case, this route turned out to be a cul-de-sac,
as his interests proved extremely volatile and context depended.

To further explore the design space by using these frames as ve-
hicles, required the re-interpretation of the chosen design methods.
Future workshops proved powerful in creating scope for children’s
own ideas, e.g., by developing future episodes of his favourite movie
in Lucas’ case. With Co-opertive Inquiry the physicality of materi-
als served a similar purpose, like with the scaled paper snippets of
his drawings in Thomas’ case. Despite the differences in method,
a common concept here is the careful management of structure,
inspiration & freedom in creative processes. For autistic children,
structure is key to cope with anxieties and it can be provided in
various ways: through constraints in materials, through narrative
frames, in scheduling sessions, by physical environments or in de-
signing clear roles for all design partners. Some structures also
act as inspiration, like our use of littleBits as an explorative ma-
terial6. Creating open spaces that give children the freedom and
scope to develop their own ideas can be intimidating for autistic
children. However, we found without exception that each child
had unique creative potential, the realisation of which depended on
finding the individual balance of structure and freedom. An empty,
white sheet of paper, for example, was perceived as irresistible op-
portunity for Thomas while Lucas would freeze. At the same time,
Thomas would require fixed rites and environments to be drawn
into workshop sessions at every meeting, while this was of no con-
cern to Lucas. Thus, exploring design spaces with autistic children
is also a matter of fathoming their creative potentials by continu-
ously adapting structures and opportunities.

Looking at the times when and the ways how sharing qualities
were being introduced to the designs, it becomes apparent that this
was very much our own agenda, not necessarily that of the children.
Even in the case when Thomas wanted to show off his artwork to
his teacher, it was our interpretation that this is an opportunity for
wider sharing and not his idea to make it a feature of his smart ob-
ject. The emerging insight here is that it is possible, even in very
open design processes, to incorporate other design goals that are
more aligned with an intervention mindset rather than child desires,
if they are folded into the overarching themes and concepts being
developed. We argue that the embeddedness into meaningful in-
teractions would also make such interventions much more relevant,
motivating and ultimately also more effective. For example, for
Holger to reflect on and talk about difficult social situations is no
small feat and was only made possible by folding the sharing qual-
ity into the narrative of using a scientific instrument to capture such
situations and revisit them at home to be able to properly analyse
them.

We have engaged children in designing their smart objects as ex-
perts in their lives. However, the sustained collaboration over a long
period of time has blurred the boundaries between the domain ex-
perts (i.e., the child) and the design experts (i.e., the researcher). As
Yip et al discuss in their paper, there are different affordances and
benefits to engaging children with subject expertise and children
with design expertise [44]. While the collaboration was initially
framed along distinctive sets of expertise, we experienced that the
increasing closeness between researchers and children facilitated

6http://littlebits.cc/
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a mutual learning effect that led to the researchers understanding
the child’s life-worlds better and the child becoming increasingly
versed in design skills. This was particularly apparent in the way
children responded to brainstorming techniques in an increasingly
natural and creative way or how children were increasingly con-
scious about their material choices in low-fi prototyping sessions.
While we saw this boundary becoming blurred, it is important to
note that this does not mean that the principle authority, and conse-
quently responsibility, for design decisions has shifted. As design-
ers, we ultimately provided much of the structure and mindfully
interpreted input to inform design decisions (see Frauenberger et al
for a discussion on interpreting children’s input in design [18]).

Looking across the exposès for family resemblances also made
us acutely aware of how different they were. Each process took a
different path, stages were very different in length and most impor-
tantly, design concepts, artefacts and prototypes were very diverse
in nature and functionality. While many design decisions relied
on our mindful interpretation and we also had our own agenda in
the process, we argue that the four exposès clearly support our hy-
pothesis that a) open, child-led design processes are possible in an
autism context and b) that these processes lead to technologies that
would have been un-imaginable for adult, neuro-typical designers.

7. REFLECTING ON DESIGN EXPOSÈS
The format for reflecting on, analysing and describing our de-

sign cases has proven useful to us. The temporal order provided
insights into how the work unfolded and changed over the course
of the process while the ANT inspired networks allowed us to see
structures, framings and relations that shaped us, the collaboration
and its outcomes. Design exposès are summaries and thus neces-
sarily limited in detail. The experiences we have made over the
past year were rich and complex, but we found the exposès suitable
representations that allowed us to refer to other data or experiences
quickly. The common representation across design cases also was
a significant factor in being able to analyse our experiences across
cases. This analysis in turn enabled us to develop intermediate-
level design knowledge, i.e. formulate insights and concepts that
are more generally valid and more easily transferable.

Like all representations or formalisms, design exposès are rid-
dled with compromises. The biggest challenge for us was to do
justice to the richness and complexity of our experience, while
working towards a simple and effective tool for analysis. In par-
ticular ANT has provided us with a host of new perspectives on
our work, for which we were often short of adequate representa-
tions. For example, we would have wished to be able to include
somehow more in depth information on the nature and quality of
some associations, not only between humans, but also how materi-
als framed our collaboration. Furthermore, actor networks are per
definition never complete as all actors would connect to an infinite
number of others that would impact on their behaviours or pro-
grammes (ANT terminology for goals or intentions). The actions
of parents of autistic children, for example, are significantly shaped
by the medicalised system of diagnosis or state support. Equally,
parent support groups, extended family and friends are important
actors that shape parent’s lives and consequently impact on how
they scaffold the live worlds of their children. Each of these seem-
ingly far removed actors can greatly impact on the way the child
perceives its own creative capacities or scopes for contributions. In
creating design exposès it becomes important to use good judge-
ment about which actors to include, which to blackbox or which to
leave out entirely.

Unsurprisingly, the format we developed suited the context of
our design cases. However, we are well aware that other con-

texts, approaches, audiences or working styles might require at-
tention to other perspectives, not covered in the current format of
design exposès. For example, we have intentionally left out a des-
ignated “value” layer in the reflection part. This was not because
we deemed values less important, but because we found that values
in OutsideTheBox are strongly ingrained in our approach and there
was little conflict or change that would have led to new insights.
This is likely to be different in other contexts, however. Also,
as Frauenberger et al highlighted too [17], other contexts might
warrant the inclusion of particularly relevant perspectives such as
ethics. The main stages we identified in our work, by which we
organised the networks, might also be different in other contexts.
This would mean to identify other times in the process at which
creating actor networks is meaningful. While we envision a flexi-
ble way in which design exposès are instantiated, we argue that the
fundamental concept of layers of reflections over time combined
with actor networks at key stages is a useful means to describe de-
sign research.

The development of design exposès was prompted by the lack
of formats that could capture the kind of design experiences we
made in OutsideTheBox. While the result has been a retrospective
exercise, we are beginning to see the potential of design exposès
as a tool for reflection in action. Following Schön’s argument [35],
we anticipate can be a powerful tool to inform design processes in
that they provide additional framings and perspectives to what is
going on. We therefore plan to evolve design exposès into a tool-
to-think-with and incorporate it in the following cycle of work in
OutsideTheBox.

8. CONCLUSION
In this paper we have presented work from the first cycle in Out-

sideTheBox in which we co-designed four smart objects in collab-
oration autistic children. We have situated our work in autism &
technology literature as well as relevant work from design research
and participatory design, which are the main methodological fields
we operated in. Inspired by annotated portfolios and actor-network
theory, we have developed the concept of design exposès as a for-
mat to capture the rich and complex experiences we have in each
case study. We introduce the concept of design exposès and sub-
sequently used them to describe the design processes of four case
studies. The resulting exposès (attached as supplementary mate-
rial) and the textual accounts in this paper make up our portfolio.
The descriptive and analytical power of design exposès allowed us
to develop intermediate-level design knowledge for involving chil-
dren with autism in technology design.

Future work will include evolving the concept of design exposès
to address the challenges of complexity and flexibility as well as
developing it into a tool-to-think-with that can be incorporated into
our design practice, i.e. to be used in-action. In terms of the project,
the second cycle will see a re-interpretation of two more co-design
approaches: Drama Workshops and PD in a Digital Fabrication
context.
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man, and Yvonne Rogers (2015). “Knowledge Production in Interaction Design”. In: ACM
Press, pp. 2429–2432. isbn: 978-1-4503-3146-3. doi: 10.1145/2702613.2702653.
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