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Abstract—In this paper, we argue that the technology design
needs to take a more holistic perspective, beyond opportunities
offered by the technology development alone. This is especially
important when developing technologies for complex contexts,
such as healthcare, and for users who are at risk. Furthermore,
we present a sense-making process, informed by tools and
methods from social science, complex systems design and
design thinking, and intended for human-computer interaction
designers and researchers to broaden their understanding of
entanglement of technology, users, and the design context. This
is particularly important when working in a new application
area, where one is not an expert. We illustrate our approach by
exploring if and how digital tools could support youth with
Myalgic Encephalomyelitis (ME), also known as a Chronic
Fatigue Syndrome (CFS), to better cope with everyday
challenges. Informed by previous research related to our field
of inquiry, we combine ethnographic research, Actor-Network
Theory adapted for design, and Giga-mapping (a complex
systems design technique). We find that this combination of
methods and techniques supports deeper reflections over the
domain complexities, and makes it easier to avoid designing
technologies for adolescents with ME/CFS that do not offer
real support in day-to-day living.

Keywords-complex systems; sense-making; ME/CFS; ANT;
healthcare; design thinking.

L INTRODUCTION

This paper extends our previous work [1], presented at
the e TELEMED 2016 (International Conference on eHealth,
Telemedicine, and Social Medicine), on sense-making when
designing new technologies for adolescents with ME/CFS.

Increasing attention is given to diverse self-management
applications and technologies that provide support to people
with health challenges to improve or maintain the quality of
everyday living, sustain active recovery processes or monitor
relevant health data. However, the knowledge required to
develop such applications successfully is often multi-
disciplinary. Thus, human-computer interaction (HCI)
researchers and designers need to reach some level of insight
into these other disciplinary perspectives to gain a holistic
view of new design contexts, beyond the focus on
technology alone.

Healthcare related problems can often be labeled as
wicked [2]-[4]. Wicked problems have been discussed by
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Rittel and Webber already in 1973 [5] but gained additional
visibility and attention recently through design-driven
approaches such as design thinking [6]. Wicked problems are
incomplete, contradictory, changing and interdependent.
Working with them is difficult since making changes in one
area (e.g., making an app for monitoring health data) may
affect other areas (e.g., how and with whom to share
information when data shows risks), potentially causing even
more challenges and making visible previously unidentified
issues. Thus, isolating a problem and proceeding to find a
solution for it is not the best way of dealing with problems in
complex domains. Rather, untangling complexities and
gaining a deeper understanding of the context, gives a
possibility to identify underlying issues, patterns and good
opportunities for a design that may lead to mitigation of the
challenges that users, and others involved, meet (such as
medical professional, patient organizations, parents, or
teachers). Thus, the design of healthcare technologies that
support users and are well situated in the use context requires
a broader and deeper inquiry into the nature of problems and
their relation to the situated design space [7].

We describe our approach and discuss the initial sense-
making in complex domains, a process that enables this
broader and deeper understanding of the context, and design
options. Our approach is illustrated using the inquiry into the
possibility of designing supportive technologies for
adolescents with Myalgic Encephalomyelitis (ME), often
referred to as the Chronic Fatigue Syndrome (CFS), or
ME/CFS. Almost no research results were to be found on the
design of new technologies made specifically for this user
group. Without understanding challenges that these
adolescents meet in their day-to-day life, it is not possible to
envision technological solution(s), be it self-management
tools, or other systems or services that could be useful in
their everyday lives. We, thus, propose a framework for
sense-making and finding opportunities to resolve issues that
help untangle some of the complexity within a design
context.

In recent years, the increase of chronic diseases, in
particular among youth, has been significant [8]. Among
these diseases, ME/CFS has become a growing concern, not
only for those suffering from it and their families, but also
for the medical science, governmental health management,
and society at large. Tweens and adolescents who are
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affected by the illness would be, if healthy, considered to be
willing adopters and users of technology [9]. However, even
for their healthy peers, intensive use of technology may lead
to negative health consequences [10]. Thus, for those with
ME/CFS, it is crucial that technology does not introduce a
new set of problems or worsens their health condition [11].

From this perspective, we consider youth with ME/CFS
to be a group of vulnerable users [12]. The vulnerability is to
be understood as a set of risks that these adolescents are
exposed to. Understanding these risks, and how to reduce or
eliminate them, is a step towards understanding design and
technology design spaces when considering designing for
and with this user group.

Furthermore, the understanding of the design space in
complex contexts may require an understanding of several
different fields pertinent to the context. Understandings can
be at the micro-level (e.g., how a specific solution affects the
user) and understandings at the macro-level (such as social,
cultural and governmental influences on the design space).
We have chosen Actor-Network Theory (ANT) as a tool that
can help produce rich descriptions of the interrelated social
and material processes at different levels [13][14], Giga-
mapping to represent and communicate our thinking about
design, and finally, a firm focus on users and use. ANT is
borrowed from Science and Technology Studies (STS) and
Giga-mapping from System Oriented Design (S.0.D). In
combination, for HCI researchers and designers, they offer a
new tool for initial sense-making. We find that the approach
helps develop and communicate insights efficiently,
increases awareness of a broad range of issues and points to
their interconnectedness. Finally, it engages HCI researchers
in innovative and exploratory practices within an unfamiliar
design context and enables critical reflection on own position
and values. As a consequence, the process points in a more
informed manner towards areas where prototyping is helpful,
and when finishing prototypes to the extent that they can be
used in real life use explorations is essential [15][16][17]. In
this work, however, we focus only on how we gained
insights and not on any specific solutions.

The paper is structured as follows: the contextual
background is covered in Section II, including relevant
research findings on ME/CFS and technology design, and
describing the methodology, methods, and tools (design
thinking, ANT, and Giga-mapping). Our first expert session
is described in Section III and analyzed, using ANT, in
Section IV. Section V addresses the combined approach of
ANT and Giga-mapping. Section VI describes the Giga-
mapping workshop. The second expert session is presented
in VIL Section VIII showcases the first realized technology
design. The conclusion and the future work follow in Section
IX.

II.  BACKGROUND

Previously published research work is a usual starting
place when exploring a new application domain. In the case
addressed in this paper, some understanding from several
disciplines is needed. First and foremost, design for
adolescents, in particular, those with health challenges, is
often outside the main research focus within the HCI.
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Designing for children is a well-established subfield of HCI,
with developed tools, methods and methodologies. The work
with adolescents has not attracted the same kind of attention.
In the case presented in this paper, adolescents are exposed
to numerous health and other risks and can be seen as a
vulnerable user group. To understand risks that they are
exposed to, grasping what it means to be an adolescent living
with ME/CFS is crucial. Empathy [18], interviews,
observations, and other methods may be used to gain insight
into lives of adolescents with the illness. However, some
familiarity with basic scientific results from current and
published medical research on the condition is also
necessary, even though it is outside of our main field of
competence. The medical research results helped to identify
a broad set of risks that adolescents with ME/CFS face,
including isolation and stigma.

We divide this section into four parts A) medical
understanding of the condition and associated risks, B)
review of previous research, focusing on technology for
ME/CFS, C) design thinking and vulnerable users, D)
pragmatic use of ANT and mapping in design.

A. A medical understanding of adult and pediatric ME/
CFS and its effects: the challenging nature of the disease

ME/CFS ME/CFS is a debilitating multisystem illness
resulting in a plethora of symptoms that include severe
physical and cognitive exhaustion, confusion, difficulties
with memory, concentration, sensitivity to light and noise
among others, see [19], [20]. What causes the illness remains
an enigma, and the condition is presently researched on a
broad scale, e.g., [21]. Many theories, ranging from viral
infections to psychological stress have been proposed [19].
Some studies suggest that the immune system may be
chronically active in people with CFS. This might relate to a
theory that ME/CFS is caused by an abnormal reaction to
common infectious agents. This theory could link ME/CFS
to autoimmune diseases such as the Lyme disease and the
Epstein-Barr virus.

A review of thirty-four qualitative studies on ME/CFS,
see [22], was done and the authors find that “For sufferers,
illness development influenced identity, reductions in
functioning, and coping. Physician-specific themes described
lack of awareness about ME/CFS and recommended
improvement in educational resources. Intersecting themes
expressed issues with diagnosis creating tensions and fueling
the stigmatization of ME/CFS”. Also, some research points
in the direction where people with ME/CFS themselves help
to perpetuate their condition. For example, Afari and
Buchwald state that “current knowledge about chronic
fatigue syndrome suggests that genetic, physiological, and
psychological factors work together to predispose an
individual to the condition and to precipitate and perpetuate
the illness” and, further, that “sufferers’ perceptions, illness
attributions, and coping skills may help to perpetuate the
illness” [19, p. 230]. Such results, unless verified carefully,
may lead to and perpetuate stigmatization. Other research,
such as that of Geelen et al. [23], or Winger et al. [24], offers
insight into personality issues relevant for understanding the
youth with ME/CFS.
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The treatment of those diagnosed with ME/CFS is highly
individualized, frequently symptom-based, and includes both
pharmacological [21] and behavioral approaches [25]. The
most common form of help to those with illness in Norway
[26] are self-management courses, offering guidance on how
to stabilize the symptoms, find a balance between rest and
activity, and adjust to living a life with ME. This is in line
with the trend to promote self-management and to, wherever
appropriate, foster patient participation in care, and
especially so for people with chronic diseases [27]. Self-
management often involves the management of medical
conditions, behavior, or emotions [28], [29]. For users with
ME/CEFS, self-management also includes the management of
so-called energy modulation. A person with ME/CFS is
considered to have a limited amount of energy available for
use per day. If an activity takes too much energy, the overuse
results in extra exhaustion over a period of time lasting from
several hours to several days, leading to increased pain
levels, sensitivity and overall aggravate the physical and
cognitive condition. The problem is often that a person with
ME/CFS do not know what amount of energy is required for
an ordinary activity such as, for example, meeting a friend
for a cup of coffee. Therefore, the energy modulation
management is difficult.

A user study carried out by the Norwegian ME/CFS
association [20] found that 40% of people with ME/ CFS did
not receive medical help with relieving symptoms caused by
the illness. When asked what kind of help they would like to
receive from the healthcare sector, they indicated
professional assistance with sleep problems, stress
management, stomach problems and the general pain relief.

For children and youth with ME/CFS, the situation is
additionally difficult because it is harder to make their voice
on the matter heard:

“Do children and adolescents suffer from ME/CFS?
Simple common sense tells most parents, teachers and
doctors that they do and often more severely than adults. Yet
there remain a sizeable proportion of professionals in Health
Care, Education and Social Services who are still prepared to
ascribe the numerous, disabling but seemingly unconnected
symptoms of this illness in young people to anorexia,
depression, school phobia or dysfunctional family
background. All are, at least, agreed that the illness presents
a considerable economic, educational and social problem”
[30].

Resonating with these findings, and in part, because the
illness does not leave visible marks on a person, people with
ME/CEFS are often dismissed as suffering from psychological
problems, or worse, stigmatized by general population [22].

Those diagnosed with ME/CFS have to bear the medical
uncertainty of what causes the disease and, as a consequence,
the absence of an effective diagnostic test and treatment for
the illness [31]. Furthermore, social and political
uncertainties and risks are tied to the lack of medical
understandings.

The youth is affected by nearly the same rates as adults,
from about the age of eleven [32]. For someone to be
diagnosed with ME/CFS, the symptoms need to be present to
such a degree that they clearly limit person’s ability to carry
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out ordinary daily activities [33]. Youth are classified into
four groups: mild (approximately 50% reduction in pre-
illness activity level), moderate (mostly housebound), severe
(mostly bedridden), or very severe (totally bedridden and in
need of help with basic functions) [34].

B. Previous research on ME/CFS in adolescence and
technology

As mentioned in the introduction, there is very little in
the literature on supporting and assisting people with
ME/CFS, including adolescents, using technology. People
with ME/CFS, with their multiple challenges at the physical
and cognitive level, coupled with reduced tolerance to light
and noise, may not be the prime candidates for the use of
screens for receiving information, whether the screens are on
tablets, smartphones, or personal computers. Yet, all
solutions that we could find in the previous research were
screen based. While such solutions may be a good option for
healthy adolescents, they have limitations for those with
ME/CFS. Thus, before deciding on any new technological
solutions for adolescents with ME/CFS, one needs to make
sure that proposed solutions do not introduce new problems
and health risks for their users.

Previous research shows that social isolation and access
to education are important challenges facing these
adolescents. Several researchers explored solutions in these
two directions, studying either the social media as means of
reducing isolation, or platforms for education. General use of
social media in medical care was described in [35], where
authors have analyzed and synthesized 76 articles, 44
websites, and 11 policies/reports and presented findings
according to 10 different categories of social media such as
blogs, microblogs, social networks, professional networks,
thematic networks, wikis, sharing sites and others
(represented by the Second Life). Findings, in particular,
those related to the Second Life are relevant for adolescents
with ME/CFS and have been taken further in the work of
Best and Butler [36], [37]. The paper [37] describes how a
virtual support center was constructed in the Second Life,
featuring meeting areas, relaxation areas, library resources
and a gallery of art by and for people with ME/CFS.
However, the results of the investigation gave mixed
conclusions, possibly reflecting the fact that certain level of
mastery of the virtual environment was needed, and that was
not possible for all users to accomplish. Also, the physical
and cognitive condition of people with ME/CFS may affect
their willingness to dedicate energy to learning about new
virtual environments. The Second Life application provided
information related to the condition and was aiming to
address loneliness and social isolation.

Considering the educational platforms for those with
ME/CEFS, the paper on e-learning, [38], can be pointed out as
relevant. In this study, e-learning platforms were explored as
an opportunity for children with ME/CFS to participate in
classroom activities even though they are staying at home.
As the authors state, this is especially relevant to Scotland,
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where many live far away from schools. However, the access
to school and educational materials is only the first hurdle in
receiving regular education and does not address other
problems that youth with ME/CFS often have.

C. Design Thinking and Vulnerable users?

Design Thinking may be defined in many different
ways. For example, it may be defined as a process that
fosters innovative and creative thinking [39], or as an
approach to mitigate complex problems through design [6],
[40]. Design thinking is also often described as a user or
human-centered process, resting on three pillars: empathy
with the user, rapid prototyping and abductive thinking [39].
In [41], the authors engage in an important discussion on the
role of design thinking in research and designerly practice,
suggesting core concepts that include reflexive practice,
meaning-making and designerly ways of knowing.

We argue that in complex design contexts, sense-making
is also essential. It is to be distinguished from meaning-
making, which has to do with design research, practice and
designerly ways of knowing. Sense-making, as we use it,
applies to the understanding of the context. It requires careful
framing and setting of contextual boundaries, balancing the
broadness and the depth of inquiries. Giga-mapping, [42],
can be viewed as a tool for sense-making. As the name
suggests, it allows for mapping and visualization of a variety
of perspectives and concerns. The making of a Giga-map
facilitates thinking and communication. By its large physical
size, it invites participation and collective production of
understandings regarding the design context. Furthermore,
the context can be mapped out in layers (e.g., understandings
on micro, mezzo, and macro levels), fostering further insight
into inter-relatedness of problems. As discussed later in this
paper, maps, including Giga-maps, are important actors in
design networks.

When a design context has users at risk in centrum, the
term ‘vulnerable users’ is often used. In [11], authors argue
that the term ‘vulnerable’ should not be seen as stigmatizing.
Rather, it implies a set of risks that users are exposed to.
When identified, these risks are helpful in defining design
goals that aim to reduce or eliminate them. They further
argue “the awareness of risks/vulnerabilities in a design
situation may be helpful in designing better products for
vulnerable people” [11, p. 3]. Thus, in design for and with
vulnerable users, risks need to be recognized and mapped out
already in the initial, sense-making processes, prior to
engagement with any concrete design ideas. For example,
adolescents suffering from ME/CFS often have limited
ability to read from digital devices, or even just look at a
smartphone or computer screen (due to the sensitivity to
light). Thus, they may be at risk of not being able to use any
screen-based solutions because of their illness symptoms.

When working with vulnerable users, it is important to
take into consideration ethical concerns as part of the
reflection and meaning-making. Ideally, both the sense-
making and the design processes should include real users, in

International Journal on Advances in Intelligent Systems, vol 11 no 1 & 2, year 2018, http.//www.iariajournals.org/intelligent_systems/

co-design setting. With vulnerable users, this may not always
be possible. Those speaking on their behalf must be able to
represent them well, i.e., need to be able to convey their
interests, challenges, and experiences.

D. Pragmatic use of Actor-Network Theory and mapping

We propose pragmatic use of ANT to inspire analysis of
design opportunities in the initial, sense-making phases of a
design process. This aims at creating a holistic picture
around adolescents with ME/CFS, communicated and
represented by for example, a Giga-map. The process helps
to explore opportunities for technology to offer support in
their everyday lives. It also helps to imagine and discuss
consequences of future technologies before they are made.

ANT is traditionally deployed as a framework to gain
knowledge about heterogeneous networks, consisting of
diverse human and non-human actors. The inclusion of non-
human actors differentiates ANT from other social theories
employed in information systems research. ANT focuses on
both the social and the technical factors involved in the
research case; all the social-technical elements are
incorporated into networks of actors/actants. Therefore, ANT
can also be used to theorize about digital artefacts. Latour
describes the concept of networks: “Behind the actors, others
appear; behind one set of intentions there are others; between
the (variable) goals and the (variable) desires, intermediate
goals and implications proliferate, and they all demand to be
taken into account” [44, p. 100]. The social-technical focus
implies analyzing both the visible (the technical/objects) and
the invisible (the social) and then distinguishing the
relationships between them. Those relationships can be both
semiotic and material simultaneously. Combined, they
constitute a network of actors that acts as a whole [45].
Tatnall and Gilding (2005) argue that ANT can be
particularly useful for studies in areas that involve
consideration of political and social issues in information
systems. They further mention interface design, usability
testing, and the wuse of distributed systems within
organizations as examples of possible application areas [46].

Currently, there is an increasing focus on how ANT
could be fruitful in the collaborative design of digital
artefacts [14], [47], [48]. Stuedahl and Smerdal state that
“involving ANT concepts in co-design does help to frame
co-design processes within the wider context and
consequences of emerging knowledge development” [49, p.
204]. A number of other researchers focused on ANT and
design. For example, Schoffelen, in [50], is concerned with
designing visualizations that make things public, to interest
and engage people in participatory processes. Storni, in [14],
explored how ANT can be used to offer an alternative
perspective to co-designers, focusing on “a convention from
Latour’s call for risky descriptions to a call to design things
together” [14, p.167]. He further argues that ANT suggests
three general turns to rethinking co-design and participatory
design practices. The first turn addresses the question of
what to design? It also involves the idea to first design actor
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networks, and then look for ways to map them. He further
describes the resulting maps as not only descriptive but also
as supporting participation in the design process. The second
turn concerns the question of how to co-design and suggests
the idea of designing as actor-networking (in public). The
last turn, described as epistemological, involves what Storni
describes as “moving from the idea of the designer as a
network prince to the idea of the designer as an agnostic
Prometheus” [14, p. 167]. Storni suggests that making maps
is a way towards holistic and democratic design. The maps
are themselves actors in the network, drawing things together
through visual problematization, and equally importantly,
offering everyone engaged in the design process to add,
transform, remove, critique or highlight its elements.

III. THE FIRST EXPERT SESSION

As mentioned in the introduction, this study is informed
by previous research on ME/CFS, and it uses a combination
of ethnographic methods, research results, and analysis
inspired by ANT and Giga-mapping to tease out real
problems and design opportunities related to assistive
technologies for young people with ME/CFS.

Regarding user research, we have organized a session
with experts on ME/CFS. These experts have an in-depth
knowledge of ME/CFS, also personally, or through their
immediate family. They are in daily contact with children,
youth, and adults with ME/CFS, and their families.
Therefore, they have a broad, professional and personal
knowledge of what it is to live with ME/CFS. These people
came from 1) the Norwegian ME organization [26], 2) an
organization that provides support to families of those with
ME/CFS, 3) ME/CFS youth organization and 4) a medical
doctor. The session lasted for close to three hours. A short
part of the meeting was dedicated to getting to know what
they do at the organizational level. The insights gained are
incorporated in Fig. 1 and 2.

The session was also used to discuss future technologies
that could provide some support in everyday lives for those
with ME/CFS. Given the aforementioned deep knowledge
the group shared, many design opportunities for future
technologies, as well as novel uses of existing technology,
were considered. Some of the suggestions that do not exist
today, were brought up. We present some opportunities for
design below.

The first opportunity was related to education, an
important area for adolescents. It was an online e-learning
solution with streamed lectures, accessible anytime. It was
brought up that most young people with ME/CFS want to
follow up on their studies, but they have to be able to take a
break when needed. This addresses the need for a flexible
educational system.

The second one was an App designed with a critical
design approach with a specific focus on how the energy
levels are different for people with ME/CFS. The App could
simulate the amount of energy needed for simple everyday
tasks to reduce prejudice and increase general understanding
of the illness.
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The third suggestion was another App that could be
designed for self-management of the illness. The App could
provide reminders to rest. It could also give short advice on
things that have worked for others, which they could try to
reduce illness symptoms. The App could also measure sound
levels and give warnings when the levels are too high. Since
exposure to high sound levels is known to increase illness
symptoms, the App could also help visualize this, by
showing sound measurements and giving reminders to use
earplugs in spaces with high sound levels, e.g., when using
public transportation. General personalized everyday
reminders were also seen as valuable, as an increase in
disease symptoms may lead to memory problems.

The fourth suggestion was an electronic diary that could
be used to register symptoms daily. The knowledge and
awareness gained through daily activities and their effects on
illness symptoms were seen as valuable. This diary could
also be a tool to explain better the current health status to
healthcare professionals and social workers. For this diary to
be used in periods with increased illness symptoms, it would
be of utmost importance that the self-rating process is simple
to conduct.

The fifth suggestion was related to wearable devices,
such as the Fitbit. People with ME/CFS experienced the
possibility of tracking activity, sleep patterns and energy
expenditure as desirable. It was suggested that similar
wearable technology, tailored to the needs of people with
ME/CFS, could be valuable.

The sixth suggestion is a Social technology specially
designed for people with ME/CFS, to meet and seek support
from other people with the illness. It was expressed that it
was much easier for people with ME, in most social settings
to connect in a meaningful way with other people that also
have the illness. Within the ME community there is a strong
sense of community, but for adolescents, new ways to
connect with peers that also have the illness could be helpful.

Government design space
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Figure 1. The first iteration of combined Giga-mapping/ANT.
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DESIGN DOMAIN:
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Figure 2. The new visualization of ANT/Giga-map.

IV. ANT ANALYSIS OF THE EXPERT SESSION

Instead of considering any one of the mentioned
suggestions as an automatic lead toward a design, and in
isolation from other factors that influence people living with
ME/CFS, we performed an extensive analysis, focusing on
all of our data collected from the session with experts. The
identified actors and issues from the expert session were also
compared to findings from the relevant research literature. At
first, the traditional ANT analysis was applied, but then, a
more pragmatic, design and technology-oriented approach
was deployed, in line with papers such as [14] and [48]. The
result is shown in Fig. 2. The image is a visual
representation, a Giga-map, at the macro level. All the
relations shown are necessary for the initial sense-making
process and following technology introduction. Each relation
explicitly or implicitly contributes to a discussion around
technology that could, in some way, aid adolescents with
ME/CFS. Three large associated areas of the network
emerge, related to what we named Personal/Family,
Educational and Governmental design spaces. At present,
those spaces are not strongly connected, and connections
within each one of them are sparse. As mentioned earlier,
also in the literature, there were very few results from HCI
research within the research domain found.

In Fig. 1, a circle represents an actor and lines represent
relations between actors. The number of actors shown is
limited to the actors identified in the data analysis from the
sense-making session with experts on ME/CFS. From an
ANT perspective, all the relations presented in Fig. 1 is
relevant to the development of the new technology. The
actors in the case of research are characterized by their
differences that affect the network. Actors in the network are
both human (such as the ME/CFS sufferer, family members,
hospital doctors and school teachers) and non-human (such
as politics, prejudice, economics, and social media).This is

STIGMA AND PREJUDICES

KNOWLEDGE ABOUT THE ME ILLNESS ME SUPPORT COMMUNITIES

called symmetry in ANT, where the non-human actors are
integrated in the network in the same way as human actors.
They all have a role in and influence on the network. These
roles and influences are not predefined but continuously
evolve. For example, a family member may consider himself
or herself to be without prejudice in other situations, but in
the network representing the youth with ME/CFS, they still
can think that the adolescent is lazy rather than sick, and so
contribute to maintaining the prejudice around the disease.

A concept in ANT is material agency. Agency can be
seen as the actors ‘capacity for influence’ or the ‘capacity for
action” within the network [51]. As mentioned, all the
different enrolled actors have a role and some influence in
the network. Agency can be important to consider in early
sense-making processes. Firstly, for the new technology
design to be successfully adopted by the user group. The
technology has to have some level of agency to not become
obsolete within the design space. Secondly, because the
technology introduction and use over time will potentially
influence the agency of other actors in the network. This can
be especially important with a vulnerable user group were
unintended harmful effects due to such changes in agency
can be particularly damaging.

The differences in patients’ illness symptoms will give
different results for the individual affected by ME/CFS. The
level of illness impact on personal health is highly
fluctuating not only on a day-to-day basis but also from
person to person. The patients and different people
interacting with the patient are also heterogeneous actors.
They bring their different personalities, competencies, and
experiences into the network. The knowledge of how these
cases are currently is crucial for successfully identifying a
technological design opportunity and this knowledge is
gained through the relation with the people with ME/CFS.

Adolescents, various people that they interact with, as
well as non-human entities also form several different
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heterogeneous networks. This directly relates to the
wickedness of problems related to defining technologies that
aim to help youth to have a better life, given their illness. Not
only do adolescents suffer from the condition to varying
degrees, but their health changes from day to day and period-
wise as well. This changeability needs to be addressed as
part of the sense-making.

Furthermore, the analysis revealed two mediators.
Mediators are entities that increase difference among actors
and, thus, should be carefully studied [52]. The mediators
that we have distinguished impact how our society currently
faces people with ME/CFS. In Fig. 1, the actors in the
network, the two mediators are marked with red circles.
They are the Understanding of ME/CFS and Prejudice. The
Understanding of ME/CFS is seen as a contributing factor
that defines relations between those with ME/CFS and many
other actors in the network. It influences, for example, how
the social service caseworkers or physicians handle youth
with ME/CFS. The Prejudice seeks to impose its version of
reality on those with ME/CFS. Prejudice may determine
what people perceive and in turn how they act towards
people suffering from ME/CFS. As one person from our
expert session said: “If one could only eliminate the burden
of the shame that many people with ME/CFS live with and
shift the focus to acceptance and to living their lives as best
as possible, the quality of their lives would be so much
better.” The red edges drawn in Fig. 1 between the
Understanding of ME/CFS and other nodes are also relevant
for Prejudice as an actor in the network. However, the two
are co-dependent: as the knowledge about, and
understanding of, the ME/CFS increase, prejudice decreases.

The various actors have different roles and tasks, which
are not predefined but evolved and given on the specific
network of actors. In this network, the policies of
governmental social services might result in rejection when
the patient applies for governmental work assessment
allowance, but with a patient with a different disease, this
might be granted. This way the policies of governmental
social services (which are the same for both patients) have a
different impact on the lives of patients based on their
diagnosis. The governmental social services caseworker
might also have different predefined perceptions of ME/CFS
compared to other diseases such as cancer. Another
caseworker might have an entirely different perception of
ME/CFES patients, which influence their judgment of the
patient's need for governmental work assessment allowance.

The role and agency of the parent with a child diagnosed
with ME/CFS changes based on the magnitude of their
disease symptoms. For some, the disease debilitates the child
from performing everyday tasks or staying in touch with
friends. The parent could then take responsibility for some of
these tasks, altering the parent-child relationship and their
agency as a parent. The focus can shift from giving the child
independence to a focus on the child as completely
dependent on care from the parent. The delegation of tasks
could cause the parent to go from not interfering in their
child’s social life to actively mediating their social
interactions with friends by acting on behalf of their child.
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Currently, the ME/CFS patients have to comply with the
diagnostic criteria that apply to be diagnosed with ME/CFS.
They also have to comply with policies of the State
Educational Loan Fund and Governmental Social Services,
to receive student loans or social benefits. These policies
could be seen as a program of action, which the ME/CFS
patients have to adhere to. These programs of actions are
based on strong inscriptions. Therefore, it is not easy for
ME/CEFS patients to oppose these policies. This creates a big
conflict in the network since the policies demand that one
cannot study (not even part-time) and receives financial
support from governmental social services. This is
problematic for ME/CFS patients based on how their disease
symptoms vary on a day-to-day basis. Young people with
ME/CEFS could often study if it were possible to do it at their
pace. This should be provided without having severe
economic consequences for the ME/CFS sufferer, and they
should not have to deal with losing their student rights, such
as they would today. Now people with ME/CFS encounter
many roadblocks when trying to finalize their education.
Therefore, there is a lack of alignment between the interests
of those with ME/CFS and Governmental Social Services/
The State Educational Loan Fund. This lack is also visible in
the current dire need for more medical research, treatment
options and education of the general public to improve the
general knowledge about the ME/CFS disease. Alignment
means that the actors more or less share the same goals and
motives.

To achieve stability, there has to be a process of
compromising the interests of the welfare system and the
ME/CFS patients. To make the network stable and aligned
the result from the translation need to be agreed upon by all
the actors. To increase knowledge about the disease might be
an important step to remove some of the prejudice and these
brick walls ME/CFS patients encounter in our society and to
achieve alignments of the actors in the network. Further
alignment could be archived by changing the policies of
Governmental Social Services and providing flexibility and
tailored solutions that better comply with the nature of the
ME/CEFS disease.

V. ANT AND GIGA-MAPPING

In the previous section, the research case is addressed by
focusing on developing actor networks. The network
describes divisive issues, the political and social dimensions.
This is described by Storni (2015) as a part of the first turn in
using ANT in design processes. The second part of this first
turn is to look for ways to make these designed actor
networks visible. Giga-mapping is an often used approach to
making things visible in design processes, drawing upon
design skills like making visual descriptions that foster
communication and visual thinking. Giga-mapping is also a
designerly way of dealing with super-complexity, which is
highly relevant to our research case and its wicked problems.
We argue that ANT and Giga-mapping complimented each
other’s strengths and weaknesses and used combined; it
provides a powerful tool in sense-making processes. All
relations among actors are significant for the initial sense-
making process. This fits well with the Giga-mapping
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approach since it requires that the map includes everything,
without ordering or giving personal meanings to the different
elements involved. All the actors, explicitly or implicitly,
contribute to the discussion around technology that could aid
adolescents suffering from ME/CFS. ANT, on the other
hand, was used as a lens to make connections and to group
the different actors involved in important design spaces.
Jointly, ANT and Giga-mapping provide a tool for critical
reflection in the early sense-making phase of trying to
understand adolescents with ME, and the situated design
space related to technology that could be useful in their lives.
In this research we, therefore, started by designing actor
networks, then we used Giga-mapping to make these
networks visible. The numerous challenges related to
ME/CEFS are not easy to solve and clearly relate to the main
characteristics of wicked problems. We have proposed a
holistic approach to sense-making when considering
technology design for adolescents with ME/CFS. Using a
literature review, a sense-making session with experts, ANT,
and Giga-mapping, we gained insight into what ME/CFS is,
developed the empathy with youth suffering from it. ANT
provided rich descriptions of the complex design context and
Giga-mapping visual representations of relations that
emerged as relevant. They also helped to define possible
areas of interest for design (Personal/family, Educational and
Governmental). The outcome shows that our analysis aligns
with a few studies from the literature that we have described:
education and social arena are important. We initially found
the Governmental space not as readily available to us as
researchers/designers. However, one possible early design
focus could be on increasing the general populations’
knowledge about illness, thus helping to reduce prejudice
and stigmatization. Based on our initial sense-making
process, we argued for a focus on the Educational design
space, both based on the current and future importance for
the youth with ME/CFS and based on how the other children
in their class can learn about ME/CFS. As mentioned,
knowledge about ME/CEFS is of utmost importance to reduce
prejudices.

The developed Giga-map served three proposes for our
research process. These relate to the questions of what to
design? Who should be involved and aware of important
issues? How should knowledge be developed and
documented? Firstly, it helped us to increase our
understanding of the design case and what to design for these
users. Secondly, we also wanted to use the developed Giga-
map as a design artifact that supports participation in the
design of new technologies for youth suffering from
ME/CFS. As mentioned, there is also limited previous
research on technology design for ME/CFS sufferers;
technology interventions have to be aware of and sensitive
towards the manifestation of the ME/CFS illness and the
attached political and social issues. Again, addressing the
wickedness of the problem, the many challenges related to
ME/CEFS are not easy to fix and cannot be solved by any one
single technological ‘solution.” Instead, we focus on
generating awareness within the community and the field of
design by making things public through the Giga-map aiding
to inform policy-makers and designers concerning youth
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suffering from ME/CFS. Using design as a powerful tool to
make concerns about co-habitation and democracy visible.
Fostering participation from relevant communities could
prove to be the best way to address the wickedness of the
problem. Thirdly, we want to use the initially developed map
together with new Giga-maps and thick descriptions from the
ANT analysis and our qualitative research, as a way of
documenting design processes and technology developments
addressing wicked problems.

Figure 3. The Giga-map workshop.

VI. THE GIGA-MAPPING WORKSHOP

For the developed Giga-map to function as a means to
document the pre-technology introduction design context,
and in such a way that it could help other designers or
researchers gain the knowledge we acquired through our
sense-making process. It is imperative that the map is to be
understood by others that do not necessarily possess prior
knowledge about the design context. In fact, it is a question
whether the Giga-map can be fully understood by other
people than the ones who created them. To gain more
perspectives on the design context and how others perceive
our initial mapping of the design context we conducted a
workshop, with four participants in addition to the
researchers. It was immediately found that our map did not
transfer the information to others that we had incorporated
into the map. While as stated the map was useful for us in
our initial sense-making, when we were trying to grasp and
gain an understanding of the wicked problems in our
research and design context, they were not successful as
carriers of that knowledge to others. Keeping in mind that
the Giga-map technique is not intended to ‘tame’ problems
or be arranged or structured in a way that simplifies or in
other ways bias the interpretation of reality. The rest of the
workshop was used to explore how to make improvements.

We found that instead of showing the actors on our map
by text and circles, it is much better to use icons or
illustrations when possible. It was also stated that when
trying to identify technology design opportunities the service
lens from Design thinking could prove to be fruitful. In our
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next iteration of the Giga-map, we actively used these two
findings.

Figure 4. The robot from our first technology design case.

VII. THE SECOND EXPERT SESSION

To validate the identified concepts and topics that should
be included in the Giga-map, we performed a second expert
session. The participants were the same as those who
participated in the first session, except that the ME youth
organization had a different representative participate in this
second session. In this session, all the issues and concepts
identified in the first expert session were made into cards
inspired by [53][54][55]. The participants then sorted the
cards and discussed the topics displayed on the cards. Even
though we did validate that the most critical issues were
included, we found the number of cards, the combined visual
information, and the card sorting techniques to not fit well
with the user group and the cognitive illness symptoms,
mainly problems with memory and thought. To continue
with the session, we had to start showing only one card at a
time that was then discussed. This way we validated the
importance of the identified topics. To get the participants to
make an overall structure of all the cards that made sense
regarding placement on the Giga-map was on the other hand
not possible. We did, however, get much more information
about the different topics and how they were relevant in their
everyday living and life with the ME/CFS illness in general.
The cards that especially generated much data in the
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interview was Governmental Social services, Private
finances, Politics, Stigmatization, friends, ME support
community, School, transportation, Education, Illness

perception and knowledge in society, Everyday life
activities, illness symptoms, energy modulation. The data
collected were photographs, observation notes regarding the
card-sorting method, and detailed notes recording the
participant’s answers made by two of the facilitators.

VIIL

Our first technology design case focused on youth with
ME/CFS, builds on all the insights from the initial sense-
making process. The case involves the use of a little robot
avatar to physically represents a child at school, giving a sick
housebound child a view of the classroom in a non-
demanding way, through the remote use of the robot
supported by an iPad or smartphone app. This design
possibility is being explored through collaboration with a
start-up company called ‘No Isolation,’ who developed a
robot avatar in parallel with our research on ME/CFS. The
robot avatar aims to combat the harmful social isolation,
which many young people experience due to illnesses or
physical injuries. The youth with ME/CFS is a separate case
of the research on the usefulness of the robot and its impact
on children’s lives. The hope was that the robot would prove
to be a tool enabling them to fulfill their education, reduce
their exposure to social isolation from their peers and, thus,
give them a better starting point for their adult lives.

THE FIRST TECHNOLOGY DESIGN CASE

Figure 5. The robot from our first technology design case.

For a more thorough description of this study and our
findings see [16]. The study involves nine participants that
have used their own robot avatar placed in their homes and
schools as part of our research. All participants except one
that had an illness recovery are at the time of writing this
article still using the robot avatar in its final commercial
version. One finding from the robot avatar study is how
beneficial the flexibility of instant access to the classroom is
for youth with ME/CFS. A user having a day or even just an
hour with decreased illness symptoms could spontaneously
login and get some teaching and reduce their exposure to
social isolation that day. This result relates to the finding in
the first expert session of how education has to provide
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flexibility and that it is an advantage if the student with
ME/CFS do not have to use energy on transportation to get
access to classroom teaching. The flexibility of instant
classroom access, illness accommodations to better fit with
the energy modulation and the social benefits also is
connected to the Educational design space and
Personal/Family design space as shown in Fig. 2. However,
this benefit also comes with a challenge related to the energy
modulation, with a perfect balance between use and rest the
technology could work in sync with the challenging nature of
the energy modulation attached to the ME/CFS illness. There
is, however, issues related to potential overuse and negative
impact on illness symptoms. This mentioned possibility of a
worsening of illness symptoms is one possible unintended
harmful consequence of the technology introduction.
Another unintended consequence could be if the users were
pressured by others to overuse or if resources used to provide
special education was withdrawn, a resource that was
reported as successful for the youth with ME/CFS that has
home tuition tailored to their educational needs. If such
support were removed as feared by some parents in our
study, the technology introduction would result in providing
the users with a poorer educational offer. This is an example
of how the technology introduction also affects the
Governmental design space. Another example of how the
Governmental design space is relevant for the robot avatar is
that the Norwegian law was not formulated with the robot in
mind. Thus, the placement and use of the robot in the
classroom received many legal concerns, problems, and
questions. Therefore, In December 2016 the Ministry of
Education started working on addressing some of the issues
surrounding the use of the robot avatars. They examined
what the law says about the use and how to relate to it
[56][57]. Furthermore, this effect also illustrates the robot
avatars material agency, through the relations to other actors,
the robot avatar has a capacity for action and influence on
the network.

That politicians are supporting access to the technology
for everyone, is crucial in providing the technology to
families with low-incomes or parents that have reduced
incomes since they are providing care for their loved ones
suffering from ME/CFS. If the cost of the robot and its use is
too high, it could result in increased class differences
between families of low and high income. We observe that
some parents and physicians of the users in our study, have
taken the initiative and contacted the media and politicians to
support access to the technology for others. A new actor in
the network is the commercial startup company developing
the robot. Being part of a business, they have to maintain
high enough unit price for the robots not to go bankrupt.
Therefore, there is a negotiation between the needs of the
families of ME/CFS sufferers, which need the price low
enough so that the technology is accessible to everyone that
needs it and the company that needs profit to stay viable.
This negotiation of the cost also involves the possibility of
politicians making the robot available through the welfare
system in Norway. As mentioned there are current efforts
done to convince the politicians to take action and include
the robot in our welfare system. These efforts come from
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people within ME organizations, a user’s pediatric physician,
teachers, and parents.

Regarding the stigmatization of people with ME/CFS,
we have not gotten any reports from our users stating that
these robots were perceived as stigmatizing to use or own,
more specifically they were reported by peers as cool or
neutral. For people within the ME/CFS community, it was
perceived as particularly positive that youth suffering from
ME/CFS was included in the study, in the same way as
children suffering from less stigmatized illnesses like cancer.
Seeing how popular the company has become for young
people, how the study puts focus on the importance of
providing technology support for young people with
ME/CEFS, could help increase the understanding of ME/CFS
in our society.

To sum up, for the technology introduction to be
successful for the users, it is critical that other actors are
enrolled like teachers, parents, and politicians. Keeping the
energy modulation in mind and together with the users, they
all have to contribute to providing a successful technology
introduction outcome. Our case illustrates how a technology
seen, as a new actor in the network, becomes a catalyst of
change affecting many of the actors in the pre-established
network, changing roles and introduce new actors. The
technology aims to mainly focus on providing users with
access to education and reduce social isolation from their
peers. A deeper more thorough ANT inspired analysis
uncovers how the introduction of this technology sparks and
in some cases demands changes, affecting many more of the
actors in the network than intended by the technology
development initially targeting the Educational design space.
In fact, we saw that the robot avatar has a strong presence in
all the design spaces displayed in our Giga-map.

The process of developing the Giga-map supported by
ANT resulted in a productive process where our
understanding of the design context was simultaneously
enriched. During our first technology introduction in this
design contest, the developed map provided the recognition
of invisible issues and possible problems that should be
addressed in the redesign of the robot or the adopted
strategies for use. The awareness of matters such as a low
understanding of the illness or possible issues related to
stigmatization. Served as a constant reminder to ask difficult
questions during research and when envisioning further use.
Both concerns are in nature human and all humans involved
could be possible carriers of attitudes or wrongful
understanding of ME/CFS that could result in robot users
being stigmatized or to get worse if the energy modulation is
not attended to. Essential questions then became what power
does the various human actors in the design context have
about the user or the use of the robot? How could the robot
or the interaction be designed to lower the chance of such ill
effects?

IX. CONCLUSION

We have argued that sense-making is a crucial step in
understanding complex design domains in HCI, as
exemplified by the task of identifying technology design
opportunities aimed to support everyday life of adolescents
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with ME/CFS. Published research results and ethnographic
methods were used to understand risks associated with
having ME/CFS. ANT and Giga-mapping were used to
analyze and visualize input from sessions with experts. The
ANT analysis primarily made us aware of the problems
related to the low level of knowledge about ME/CFS in our
society, and how those having the illness risk stigmatization.
It became clear that numerous problems adolescents with
ME/CFS face in our society cannot be solved by one
technological ‘solution,” but instead have to be addressed in
a holistic way, by several actors including families, schools,
peers, politicians, health-care providers, and research
communities and others. The use of Giga-mapping helped to
visualize all these crucial actors, including the authors, and
relations among them. The utilization of rich descriptions
and Giga-maps throughout the design process is also a way
of annotating, documenting, reflecting on and sharing of
divisive concerns and lessons learned. As this is a messy and
unstructured process, we need to mention that the
communicative value of Giga-maps that we produce to
others than ourselves, is very low. The map had to be
visually re-interpreted to make essential issues from the
sense-making analysis approach visible (understandable) for
the HCI research community. We, therefore, encourage some
testing of the visual representation to make sure that it
conveys the information as intended.

Our analysis uncovered three main design spaces relevant
to our research case: educational, government and
Personal/Family. While there are many different relations
between actors within these spaces, and different levels of
granularity that can be represented, when it comes to
technological solutions these seem to be rather well
separated, indicating many opportunities and challenges
when working on boundaries between them. Further, we
argue that these design spaces can aid in framing how
potential new research projects, design concepts or
technology artifacts relate to issues within the situated design
space.

We believe that the approach, as presented in this paper,
successfully combined methods and techniques that can
guide HCI designers and researchers to conduct a broad
inquiry and sense-making for new, complex design domains,
where it is not easy to find solutions that work for all.
Instead, the approach offers a way to gain a profound and
vital understanding of the problem space.
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