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Abstract — Some of the central concerns in technology
development for healthcare interventions in Type 1Diabetes
Mellitus (T1DM) are how to involve young patients ad their
families in the design process and what methods,dluding art-
based activities, would best facilitate a child exessing their
innermost  feelings when applying child-centered and
participatory approaches. This paper describes a véety of art-
based tools and methods (e.g. Cooperative InquiryC{) and
Informant Design (ID)) used in the creative desigrprocesses for
defining features and eliciting the content of thestories, plots,
roles, characters, images, animations, languagestce that will
inform the design of an educational interactive eBak for newly
diagnosed children (aged 8-12 years) with T1DM. The
articulation of design ideas through modeling plastine figures,
drawing and thinking aloud were generated and colleted in
three workshop sessions organized for diabetic andhealthy
children who had different roles in and contributions to the
design process. Successfully collected data will lised to build a
series of low fidelity paper based eBook prototypes
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l. INTRODUCTION

Over the last few years, a growing body of literatu
demonstrated how patient education is a key faotothe
support of diabetes self-management practices dmutthe
attention of the medical expert [7, 11, 12]. Momd anore
technologies are designed with the aim of improypatjents’
education and pediatric diabetes is no exceptiom[®, 6].
There is however a lack of studies that discuss gy
designed technology addresses the needs of thel aters,
and how users could be involved in its design.

In this paper, we report on further developmenta pfoject
aimed at investigating pediatric diabetes self-rganzent
practices, and exploring the role of interactivehteology in
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ages of 8-12) that children and their parents msg in the
clinic and at home [13]. This eBook will be used agool
helping to understand the role of technology irbdtas care as
well as to examine users’ role in design process.

In order to engage with users in a gentle waynleaore
about everyday issues related with pediatric dexbetare and
to collect design requirements and inspirationtfer design, a
series of DPs for children and their parents wenebbped and
distributed [14]. While these tools will help gai better
understanding of the role of interactive technologyediatric
diabetes education, its development is exposedeflection
[10] to better understand the role of this paracuype of user
in the design process. To this end, this paperudsss the
design phase of the eBook that follows our eargdtigations
[13] and design probes [14]. In particular we foous 1) the
methods and materials that we used to engage g gvbu
children (one diabetic and fourteen healthy chi)iras active
creators of stories highlighting their dual roledasign partners
(e.g. CI) and as informants (e.g. ID), 2), theirrtigalar
contribution in the collaborative design process &) what
(and how) collected materials were used to iden&thnology
requirements. Three design workshop sessions veeried out
to stimulate children’s creativity and imagination order to
explore and generate a variety of narratives torinfthe
development of a series of prototypes of our edocak
eBook. In an attempt to gain some insight into ithpact of
diabetes on daily life, the first session was utaden to
develop scenarios to explore self-care practicesedaout by
young diabetics in clinical settings and in realddo
environments. In this session the child’s role wasanexpert,
qualified by her experience formed through livingthw
diabetes. This helped to specify both the inforamathat users
need, and some of the features that this desigmvimttion
needs to implement. Later, some of the generatiedvelzs used

patient education [13]. We show how we focus onrase in @ second and third design session with healtfilgren. In

(parents and children), and how we draw on a sefiaser-
centered approaches (Design Probes (DP) [8], Catiper
Inquiry (CI) [1], and Informant Design (ID) [1, 91p involve

them in the design process. The focus on the rfalgeractive
technology in patient education is motivated byyefindings

in our study showing limitations in the educationahterials
available to support newly diagnosed ‘families’ttitan only
experience hospital education for a limited tim&][IThese
findings helped to identify a more specific area fhe

exploration of a design intervention. Mindful thagtient
education is a complex matter that cannot be reHucea
technological intervention; we decided to expldre idea of an
educational eBook for newly diagnosed children Weein the
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these two sessions, the children’s role was a®xert on

‘being a healthy child’. Together with the childrgriormants
the contents of two stories were developetraveling through
the human bodynd ‘Superhero is si¢kincluding their plots,
roles, characters, images, dialogue, etc. Art aaft materials
together with two story telling sets of cards prbte be useful
tools in inspiring the children’s imagination, diganess, and
collaboration in fantasy plays.

II.  T1DM AND PRESENT EDUCATIONAL TECHNOLOGY

T1DM is a lifelong insulin-dependent chronic cortit in
which treatment requires learning and the developnod
special skills for daily care and demands extrangittn when
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the patients are children [11]. As type 1 Diabekésllitus

becomes more prevalent in young individbatew challenges
in the delivery of health care and self-care edanahave
emerged [7]. Children usually start their diabetekication
soon after diagnosis [7], where they are encourdgeléarn

how to keep their blood glucose levels under coritesting

blood sugar with glucometers), to inject insulinngssyringes
or pens, to understand carbohydrates and
adjustment, to detect and treat hypo- and hypeeglya

(symptoms presenting episodes of low and high blgladose

levels) and to partake in physical activities whaffect their

body's glucose absorption1. Day-to-day care can be
described as an evolutionary process in which kadge

acquisition strongly depends on the physical métma

psychosocial
individuals [11], combined with medical professitmasocial
services, parents, family and the school workingetber to
increase its success [7, 12].

Recent advances in ICT opened up new possibilites
diabetes self-management education. For exampleetrizan
(2012) pointed out 14 well-designed diabetes sealfimgement
video games that can enhance health-related |epraimd
behavior change [6]. A persuasive technology thas w
developed by Byer contained a blood glucose meteégdd®
that could be connected to a Nintendo DS game reyst®r
checking their blood glucose, children get poirggewards to
unlock new levels of games which helped users tprane
their monitoring behavior [4]. DiaBetNet is a gathat works
with a wearable device - a glucometer and a stan&&A

insulise do

TABLE 1.DESIGNMETHODS MATERIALS AND PARTICIPANTS

Session Design Materials Participants
method
One (¢]] A2 white paper, colored One 12 year old diabetic

pencils, images

A deck of cards, outline of the
human body, pipe cleaners
plasticine, buttons and feathers

A deck of cards, A4 white Six healthy children aged
paper, images, colored pencils 11-12 years

child and her parent
Eight healthy children
aged 11-12 years

Two ID

Three ID

B. Participants
Diabetes is an emotionally sensitive and diffidolic for
discussion and having context-sensitive prompthénsession

can provoke negative emotions among young partitipar
they may become upset [13, 14]. In the first sesgsie worked

and cognitive growth presented by gounwith one 12 year old diabetic child who was happyshare

her personal experience. The first small workstegsion was
held in a meeting room in a University Building. \Nad two
reasons to involve healthy children in the subsetuerkshop
sessions two and three. The educational eBookrisiéaly

diagnosed children who would not be familiar withlgktes, its
causes and treatment but they will have specifaedge and
experiences accumulated during their childhood #meir

development within the school system. The firssogawas to
find out what un-diagnosed children think about boely, as
this will likely be similar to what diagnosed chiéh know
about the body immediately after their diagnosise Eecond
reason was to know more about children’s langueigativity,

communication skills, interaction with the enviroamt, their
cognitive abilities and problem solving skills. Fmen

where young users have a visual graph represemtati®articipants between 11 and 12 years of age (Tapleere

summarizing carbs consumption, glucose readings ani@cruited from the voluntary group

activities per a day [5]. Nao is a personal humdnaibot
developed to enhance diabetes education and kngevibg
playing a quiz with a diabetic child [3]. Howeverpst of these
videogames for patients with diabetes are outdggpdr are
only prototypes [3, 5] and the need for new edocat
technology interventions that correspond to the remr
technology trends has emerged. To explore this espae
decided that the active participation of childrexffgcted and
healthy) was to the success of a technology.

I1l.  STUDY DESCRIPTION

A. Methods

In the attempt to tailor an educational technologythe
appropriate age group (8-12 years) [13, 14], thapabilities,
specific language and natural skills, so to featiitchildren’s
participation in the design, we used CI [1] and1D9].

ClI supported children’s involvement as design paetrfor
‘elaboration’ in the technology development lifeleyc[1]
wherein ID children’s contribution was as infornmmatihrough
‘having a dialogue’ [1] providing inputs at differephases of
the design process (Table 1). Collaborative stbnyte was
chosen as an activity for all three design worksbegsions as
an appropriate interactive communication tool thagether
with the young participants, would help to defirehnology
features and generate ideas about narratives, atbegaplots
etc., crucial for the development of educationariss that
resonate with the child’s perspective and imagimati

! According to ‘IDF Diabetes Atlas: sixth edition’ meothan 79100 children
globally under age of 15 were newly diagnosed WitbM in 2013.

‘Sunflowefsand the
workshop sessions were conducted in their commuatyre,
where other activities organized by the group weseally
hosted. Estimated duration to complete each sessias
between 45 minutes and one hour in length.

C. Materials

How does the
pancreas look?

en

o[ ~5

FIG. 1. STORY TELLING CARDS AND STORY STARTERS

For the first workshop session, sheets of white paper
and art materials (colored pencils) were used tompte
creative choices of writing and drawing, and selddmages
were used to support participants in the elabargpimcess to
shape their own ideas. To encourage storytellingy ph
children for the second and third sessions, twoytting kits
(Fig. 1) were developed. Colorfully illustrated arldft
intriguingly open-ended, the storytelling picturards were
designed to engage young participants directly whith story,
stimulating them to present their own concepts in
collaborative way. Together with the picture cartte story
starters were also designed to provide guidancegadsome
hints in developing specific characters/objectsitirggs or
dialogues for the story. Each set of cards had rsestery
starters (i.e. questions) respectively correspando one or
two picture cards. In addition to the storytellingrd decks,

2 Voluntary group of Russian-speaking parents agit hilingual children.



other materials to inspire a creative approach ssgblasticine,
a foam outline of the human body, pipe cleanertiphs and
feathers were provided for the second sessiongvimiihe third
session children were given A4 white paper, imagered
pencils, dialogue boxes and glue to play with axpbed their
imagination (Table 1).
IV. DESIGN WORKSHOP SESSIONS

A. Session one

Applying CI and participatory design approachesl2a
year old diabetic child and her parent participatésddesign
partners. Together with the designer they coopesigtibuilt
up a wide variety of scenario stories where théoactakes
place in different settings e.g. at hospital, ahbpat the shop,
at school, etc., trying to highlight how diabetesd aits
management impacted the daily life of the youngviaddal
and their family (Fig. 2). In one of the scenariparticipants
described their own feelings and problems expeééran the
first day of diagnosis at the hospital as well dgtwquestions
and emotions arose and their efforts to understamie: about
the disease and its treatment.
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FIG. 2. MATERIALS PRODUCED IN THEFIRST SESSION

Other interesting situations were related, suchh@s to
buy healthy food in a shop, what is the honeymoamod for
diabetes, what may happen at school when the phdgents
with the different symptoms of hyper- or hypoglyéamand
what is important for undertaking a journey. Thst Iscenario
was on the story of “Hypo-Hyper Man” [14] in whidhe
superherd is a scientist dedicated to his work of findinguae
for diabetes. During the day in his Science Lalmwyathe
conducts a range of experiments trying to find & needicine
to cure all people with diabetes and, late at nigbés a special
technology having insulin and glucose for treatmgpo- or
hyperglycemia when children sleep. The originakia@r of the
story was developed by the same child working witR
materials and during the workshop session the figily was
fully implemented by her adding more details. Latdl the
collected materials generated in the workshop \eeedyzed to
identify features, images, text and contexts thamld be
implemented in the design of an educational eBbek would
resonate with the actual users. This exercise h&ped to
identify subject areas that are of interest to ¢hid e.g. to
know more about the nature of diabetes, their tiigesystem
and the relationship between food, insulin and ays
activities. The next two design sessions were @edrto cover
these demands in collaboration with healthy chiidre
B. Session two: ‘Traveling through the human body’

In the second workshop session, eight healthy hild
played with a set of storytelling cards specialgveloped for
the story Traveling through the human bddys informants
(e.g. ID). The story is about two children who diecio make a

3 One of the activities in the DP was to developoaystor superhero that has
the power to help other children with TLDM.

journey into the human body. Traveling in a miniatu
submarine, they were able to observe what differemhan
organs look like and to examine their function. He¢ of 14
cards, together with other provided materials (&abl helped
the children explain the key story elements grdguatding
details working with images and questions. The psepof the
foam outline of the human body was to help childesplore
different possibilities in the fantasy play andrearrange the
figurines of human organs, trying to find their eqriate place

in the frame. Children were encouraged to desdhibe ideas
about the journey by creating plasticine figurieéghe lungs,
heart, stomach and pancreas (Fig. 3). They alse nestory
characters Liam and Abbie and built a small pinkrsarine
decorated with pipe cleaners, buttons and featRéaging with

the modeled objects and performing dialogue between
characters, they suggested that the journey stgialti in the
mouth. Children were able to give some examplelosi the
heart and lungs work, what happens when the foaches the
stomach, but none of them knew about the pancpesstion

or function in the human body.

FIG. 3. TRAVELING THROUGHHUMAN BoDY

C. Session three: ‘Superhero is sick’

Six children participated in the third session,irtgy to
expand the story of a Superhero who was sick angtartbe
doctor to get appropriate treatment. Then the dastplained
to the Superhero that eating healthy food, takiregioation
and regular exercise would help in restoring hislthe
Children were asked to elaborate, describe and trawmain
characters - the superhero and the doctor - ubiagitovided
art materials (Table 1) and the second storytelteugl set.
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FIG. 4. SUPERHERO ISSICK

Named Anastasia by the children, the imagined $figper
was a 14 year old superwoman that could fly. Sheslin a
fancy apartment located in the city centre. Dodemny was a
very smart and popular doctor who cares for paiémtthe
hospital (Fig. 4). Having played out the patientido
dialogue, Superwoman was advised to take her mtegtican
time, to have a healthy diet and to partake in leggohysical
activities. Children were asked to explain to suwmenan about
healthy eating by selecting food items (from preddfood
images) and placing them in two categories, healihg
unhealthy, and then to describe what was the ieifer their
classifications. Young participants were encouragethoose a
device that will remind Superwoman to take her ratitin on
time. The technology proposed by the children wasart belt
that has an alarm, a note and a Wi-Fi enabled ationewith
other Superheroes. Finally, children were askednttivate
Anastasia to do exercises and some of the suggsstiere to
play a sport with friends, as physical activitiesuld help her
to be healthy and then she could fly to save pé&oles.



V. DISCUSSION

Having children involved in the design process asigh
partners and as informants was a successful agproac
collecting and combining ideas and experiences fsak and
healthy children which would inform the design afture
educational technology. The first design worksheps#n in
which the participant wasxpertin living with diabetes was
crucial in discerning what information and knowledthe
eBook needs to provide to help children and thafepts learn
about diabetes after diagnosis, and support themiiaibetes
self-care management when they return home. Fomgea
children would like to know about the pancreasylinsand
their functions in the digestive system, and présgrthis in a
more playful manner may reduce the level of steegkanxiety
associated with hospital stays. Having funny, ygthssticated
stories related to diabetes could help childreretyulate their
emotions and to reduce the pressure that they xpsrience
in accepting diagnosis and its treatment. Integnatiof
videos/animations in the eBook showing - in detabme of
the diabetes self-management tasks, games retafedd and
carbohydrate counting, and a small thesaurus wittges and
animation could help children to gradually learnouatb
terminology and diabetes treatment, starting witsirtclinical
education and continuing in a domestic environment.

Storytelling cards, in combination with other métky used
in the design process, were a wonderful technigaeafforded
lots of fun, inspiring children to develop their wstories, and
to use art materials when they were building thdias.
Having concrete questions revolving around the i@dar
personas we developed, (as opposed to generic lssithet
guestions), helped to spur the young participantagination
and creativity, to generate focused ideas from chiédren.
Using the outline of the human body and objectdhwian
organs made by children in the second workshopelejoung
participants, in a playful way, to show and tesirtistory, and
to generate data important for designers. The ibaion of
healthy children as informants in the second aivd #ession
was significant for the device development. For nepxie,
healthy children know little about the pancreas imdunction
in the digestive system, but they were very comfigdout the
heart and lungs. This definitely confirms the usefas of a
fairy tale about the human body and digestive systhat
includes the insulin role and the process of caimgfood into
energy. In the third session, children were ingpteeelaborate
on the dialogue between doctor and patient, asking
guestions that each child may have when they afte $hey
were confident in dividing food into healthy andhealthy
groups, but struggled with identifying the reasbegind food
categorization. The second collaborative storytglli kit
‘Superhero is sick’ was used again in the protoigpsession
with children with T1DM, helping them to build aris of
low-tech paper prototypes for the eBook.

VI. PROBLEMS AND LIMITATIONS

Due to the emotional difficulties for children asted with
their illness, the first workshop session was kaiiby the small
number of participants. To deal with these conssrdie DP [14]
method was applied earlier. Also, several issue® wetected
while engaging children in the design process. fiigi the
number of activities and questions offered moreetifor the
children to engage with the contents and to leaddtbcussion.

Using modeling clay to make figurines and addintpitieis a
time-consuming process and this problem was overcom
forming small groups of children to develop oneeghjBased
on observation, the duration of workshop sessibnsild be no
more than 45min as the children get tired andiluseest.

VII. CONCLUSION

Trying to collect materials for the implementati@md
design of an educational eBook for newly diagnosieittiren
with T1DM, three design workshops sessions weralgcied
in which children had different roles: as arpertin having
diabetes and aaxpertin being a child. Young participants —
both healthy and diabetic children - were encoutage
generate a sequence of scenarios through buildiagacters,
plots and settings in the storylines that will beed for low
fidelity technology prototyping. The combination adrt
materials with storytelling card sets created a dtmosphere,
and encouraging children’s responses in develofiieg own
stories used in the sessions were effective methiods
facilitating communication and data collection. Ithe
completed sessions it was observed that healtHgrehi are
not familiar with the pancreas’ function and kneery little
about healthy and unhealthy food; they were na tdbkexplain
the criteria requirements for these two categories.
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