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End-user composition and re-use of
technologies in the Neonatal Intensive Care
Unit

Alessia Rullo, Patrizia Marti, Erik Gronvall andessandro Pollini

Abstract— This paper presents some early design work of an
innovative concept of an incubator, carried out unér the
European project Palcom. Gaining a comprehensive
understanding of user requirements in care settingsposes
interesting methodological challenges. This paper efails some
methodological options for developing technologiewhich allow
end-user composition and re-configurability, and douments how
fieldwork has been translated into design solutiondn particular
we describe the notion of technological assembli@#erpreted as
the combination of services and devices, which thasers can
dynamically configure to support their needs. We rport on the
importance of flexibility and control in the use of such
technological assemblies in a neonatal ward and ent an early
prototype of incubator designed to be sensitive tthe particular
requirements of the setting.

Index terms — Assembly; Adaptive systems; Biomedical
transducers; Medical services.

|. INTRODUCTION

HE introduction of digital technologies in healthre
settings requires specific considerations relatedhe
characteristics of the domain, the activities taée place and
the different skills of the diverse actors involve@he
continuous control and monitoring of patients pagters are
obtained through medical personnel collaborationd a
cooperation of individuals with specific skills, theogeneous
backgrounds and different organizational values . [1
Emergences require continuous re-definition of cacpilans
and re-arrangement of work flows, creating ad holat®ns
for each specific situation.
Such a complexity can generate latent conflictasituns
which could affect the safety of the patients afdhe work
environment. The use of information technologieseatly
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impacts the way in which the different tasks angied out in
these contexts, enabling new behaviours, supportiag
practices, but also generating new problems, itatwappens
during a system breakdown or when any failure a&2udrhe
possibility to anticipate the occurrence of breakds and to
allow inspection of digital devices is a key issuden
introducing information technologies in this saftiindeed,
managing the health care complexity means allowting
different users to get in control of the simultang@rocesses
undertaken [2], [3].

The objective of this paper is to envision potdnigages of
digital technologies in such particularly criticagttings by
presenting the case of the Neonatal Intensive Camé
(NICU), at ‘Le Scotte’ Hospital in Siena (ltaly)vEn at a first
glance, the NICU represents a very delicate areanafysis:
because of the premature babies’ conditions, thareeof
work often dealing with emergencies and the psyagioal
pressures, especially for the non-professional racmainly
parents and families) [4], [5] and [6]. Our aimtds explore
which technologies can address the specific neddsa o
sensitive environment like NICU, supporting medistaff's
control on the processes, configurability of sessicand
devices in order to respond to specific newbornddmns,
anticipation of breakdown occurrences and inspectid
system behaviour.

In this perspective, we adopted palpable compudisgan
emerging conceptual framework developed within &
unded project PalCom (PalCom, http://www.ist-patcorg).
alpable computing grounds on the notion of ambient
omputing which is focused on the design of distel,
pervasive and reactive systems able to communigiitethe
users and to continuously adapt to their needsapdctations
[7], [8]. The palpable computing paradigm purposely
addresses the way in which humans meaningfullyastewith
distributed computational systems available in
environment. Palpable computing aims at supportisgr
control by composing and de-composing assemblieeates
and services which communicate and exchange datd li@
assemblies are physical and logical entities ctingisfor
instance of a web cam and an EEG sensor that the
neonatologist can set up to study any correlatietwéen the
baby’s movements and the development of the cenératous
system and convulsions. The creation of assembiipies
that each part of the assembly is easy to understanthe
logical level (what can be done with this, what dargo
together with and for what purpose), the functideakl (how

the
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to use it) and on the physical level (it must begilde to see

what fits together and to actually build/rebuil@pnsequently,

the assembled systems should support the continuous

attribution and negotiation of meaning through riat¢ion
[10], [11].

In what follows, we present a case study in whiciovative
technologies have been designed for the NICU atSiema
Hospital, to support end user composition of sewiand
devices. In detail, we will report on the fieldwodctivity
which grounded and inspired the design process.pi&sent
the technology exploration of assemblies in nedraee and
illustrate a future scenario to evaluate the impattthe
introduction of such concept in a delicate scenédike the
NICU. Finally, the early outcomes of the designgass will
be discussed in order to inform the concept of gailjty in
health care applications.

The overall approach
ethnographic studies with techniques inspired byugtrial
design along different participatory design sessidr2], [13].

[l. NICU: PRACTICES ACTORS TOOLS AND THE
ENVIRONMENT

The admissions to the NICU generally happen under

emergency situations related to problems occurigthg the
delivery or during the pregnancy if the infants mothers
health status becomes critical. At the admissidanis are
placed on a preheated bed where the medical stafitons the
infant’s heart rate, respiratory rate, oxygen sdtan, body
and incubator temperature as well as the blood enxygvels.
The premature newborns usually require complex cagidins,

umbilical tubes and intubations. The basic probtegarding
neonatal intensive care is that the baby shouldselose as
possible to the mother [14] but at the same tine lthby
cannot survive outside the controlled environmefit ao

incubator.

Figure 1: Standard incubator at NICU, Siena Hospgiena (ltaly).

integrates methodologies from

Figure 2: Incubator set up, NICU, ‘Le Scotte' HtalpiSiena (Italy).

Figure 3: Skin saturation, heart rate and venti(atnachineries at NICU, 'Le
Scotte' Hospital, Siena (ltaly).

Figure 4: Display next to the incubator for showthg monitored parameters,
at NICU, 'Le Scotte' Hospital, Siena (ltaly).

The incubator reveals to be the main stage thaimical
staff can configure to adapt temperatwrygen and humidity
depending on the baby conditions. The machinempsuading
the incubator represents a sort of extension ofinbabator
that can be attached or removed depending on babiesnt
needs.

The medical staff (neonatologists, nurses and phisis)
configures the incubator environment in order tegkéhe baby
body in place, to position sensors for monitoringalv
parameters and to intervene for specific treatmesush as
intubation and X-ray.
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Furthermore they need to carry out a continuousitmimng
activity of the newborn conditions to prevent citi reactions
and to try to anticipate emergencies.

Currently hearth rate, oxygen saturation, respiyat@nd
blood pressure are all
saturimeter which display the trend of these patarse
Indeed, this is linked to the electrode of the E@Gletect the
heart frequency; this electrode could be placetbimbination
with other ones (two on the chest of the baby and on
abdomen) to detect the heart frequency.

The incubator can also detect temperature of bathhaby

body, and that one in the incubator micro-environine
together with humidity and the weight of the child.
The information related to these parameters isimcoously
displayed both next to the incubator and on renuatetrol
stations. These data inform the treatment of theboens by
means of constant visualization and alarm system.

To make sense of the different values monitoredthsy
instruments around the incubator the neonatol@digays has
to integrate different typologies of information. hig
integration is the main strategy to get in contwblthe baby
conditions and is also useful to reveal errorsha $ystems.
Indeed only the comparison of data gives the dectogood
understanding of newborn status.

Figure 5: Participatory design session at NICU,Scette' Hospital, Siena
(Italy).

A. Envisioning biosensors assemblies

To better comprehend the nature of the work atNHeU,
we organized different workshops involving neonadists,
nurses and therapists. They were usually askeds¢otheir
current tools pretending to construct/deconstrueammgful
assemblies.

Outcomes from these activities clarified the bédsatures of
existing technologies i.e. their physical charastes; the
needs for bioelectrical signal sensors (ECG, EERGIE and
for analog signals’ ones (transcutaneous CO2, naspy

1) The possibility of wireless detectors can beatlé for
removing a part (or the majority) of wires and tsilvehich are
now in the incubator and to make it easier movimg ¢hild
through different areas in the NICU, i.e. from theonatal

monitored by machinery dallesland to the neonatal ward; from the incubatah®treatment

table; during the bath, when the mother holds ttile cetc.

2) Medical personnel provided a very good hint be t
possibility to have an ad hoc network of sensorsb&®
monitored in distributed and portable devices adl s
remotely. Indeed this can suit many different situes such as
the first interventions on the baby just after dedivery as well
as the transportation of the premature newborms ftifferent
hospitals to the intensive care unit.

3) Together with the stakeholders we collect rezqugnts
for designing bio-sensors useful to detect babyampaters;
among them some are already in use (like ECG, HEBG
and Sp02) while others, like the CO2 sensor, wakgs®ned
in order to overcome important problems in theydadre of
the babies. Other specific biosensors would beralasi in
order to detect Ph cutaneous, O2 and temperatumgght be
useful to have at least three sensors to detegqieture in
different parts of the baby body; and visualizitng tvalues
both in an aggregated way and separately.

4) Respiration sound was pointed out as an extgemel
valuable source of information. If the baby is vated, it can
be useful to place the sensor on the ventilatibe in order to
detect any interruption in the air flow; converseafythe baby
breathes autonomously, measuring the breath sowamd c
prevent obstructive apneas. This implies that tbesar is
correctly placed in order to detect appropriate nsou
frequencies while excluding others.

5) The medical staff also imagined different conaltions
of data detected by the biosensors which may bé&ulufs
interpreting the health conditions of the newborn:

- ECG + EMG +Temperature
- ECG + Temperature
- EMG + body pressure

The first two assemblies of sensors data can help i
discriminating between convulsions and musculatrestions
whilst the last one would serve to diagnose pddicu
syndromes related to movements.

Furthermore, the medical personnel suggested
possibility to detect the pressure points of babghybthrough
the underneath mattress on which the baby lays. Wibuld be
very beneficial to prevent postural abnormalitiesrthermore
the small mattress revealed to be a space whicld dol
successfully augmented by technologies. Indeedmtatress
could continuously detect the pressure points nembdody,
the baby’s weigh, and if necessary provide the ballly a

the

CO2, temperature, SpO2 and blood pressure), ande sofficro-stimulation, to avoid pressure sores and fteguent

drawbacks. For example the use of these devicesiresq
wires and tubes, which, when in contact with théybakin,
can provoke abrasions or irritations.

From this activity many interesting elements emdrde
inform the design process.

postural problems.

The fieldwork activities combined to creative wdrkps
with the stakeholders enriched our understandingthef
context of use and allowed to collect fundamental
requirements for an effective introduction of neeshnologies
in the NICU.



2990 4

To summarize, the NICU presents 1) a high levelesf Furthermore, in each incubator it is possible tonbime
configurability, i.e. each incubator should be czimed as an assemblies of different biosensors in order to tefganonitor
ad hoc entity, tailored on the baby's conditionsd anprecise parameters and combining those to getrrimhenore
dynamically changing over time. 2) The work praetis based complete information.
on the continuous combination and integration agaa@mming
from different sources. 3) Different actors havdfedent
access to the incubator depending on their roig:iiplying a
different access to the information to be display&y This
setting should support co-existence of emergericatgins as
well as daily care.

Based on these assumptions, we developed a newptarfc
the incubator (in collaboration with the Aarhus &aoh of
Architecture and Aarhus University, our partners time
PalCom Project).

Figure 7: Displays and modules in the incubatorsptal model

[ll. PROTOTYPE DESCRIPTION

The incubator has been designed as an autonomstessy
that doesn’t need to be connected to other exteimactes like
ventilators or phototherapy lamps as is the cagaytoThe Figure 8: the mattress and the pins art systerméoripulating the baby body
various units needed in the treatment and carererhature
newborn are plugged into a rack on the back onntwbator.

A system of different modules contains the différen
machineries for the treatment.

Within the micro-environment of the incubator, thaby
lies on a mattress containing body pressure biassnfor
detecting the loaded areas of the baby body onrhtress
surface. In order to avoid pressure sores andasimpioblems
a fine grained modular system allows the medicalff 9b
manipulate and change the position of the baby haithyout
opening the incubator, thus preserving the micrwenment
conditions inside. This manipulation is allowed &ypin art-
like system whose elements can be moved up and down
directly or remotely.

The incubator can be set up in different ways hyfigaring

Figure 6: the dome structure of incubator physicatiel. assemblies of devices and services.

A. Incubator physical model

The dome is the basic unit of the incubator. Themature
newborn is placed in the incubator immediately rafiee
delivery when the midwives and the physicians chéwok
fundamental vital parameters by attaching a systaim
biosensors. In this way the child may be moved fritra
delivery room to the neonatal ward within the damerder to
preserve the optimal conditions as much as posSihie dome
structure is easily moveable mainly because theebisors
wireless communication limits the amount of winesthis way
the dome becomes an autonomous structure.

Furthermore, the dome construction allows the iatoib
bed to swivel, thus increasing the possibility wcess the
incubator from different positions and supportiitgations in
which different actors intervene on the baby. Theutar
shape of the dome and the presence of holes amdfispe
design solutions for supporting the collaborationoag the

B. Assemblies of devices and services

- EEG + video streaming of the baby, by means ofea
cam placed inside the incubator. The combinatiorthese
devices (web cam and EEG biosensor) provides thdicale
staff with the monitoring of child neurological ddepment; as
well as the monitoring of convulsions and spasms.

- Stimulation of the baby through the mattress teckion of
baby pressure points on the mattress. The combmafithese
parameters can help the medical staff in preverpiostural
problems, pressure sores and supporting the thdtfape
treatment of premature baby.

The design process of the incubator is in its ephlgses of
prototyping. The software development is currentigoing to
prototype an initial version of the system. The tptype
integrates the following components:

different actors of the community. The child candmeessed ) g:gzg:gg;s
in multiple ways, either going through the holes ly ~ access point
completely removing the dome. The possibility te déverse - network
modules of the incubator in order to support theessary - mattress
tasks allows to configure the functionalities degieg on the - web-cam
different babies’ conditions. ~ assembly

- MUI browser
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C. Biomonitor

The prototype is a version of the wireless biomamstystem,
BlueBio [17]. The BlueBio system is designed fore us
Major Incidents setting and at the NICU, to be gné&ted in
the Incubator prototype. The system monitors bidoadd

signals from premature newborns by use of wirele

biomonitors [15]. The biomonitor collects biomedisignals
from the baby's body when placed on the newbornthat
moment the biomonitor measures ECG [18].

The biomonitor is comprised of the following main

components:
Bluetooth module [19]

transmit data (e.g. to other wards within the hiadpiwhen
explicitly needed.

G. Mattress

A special mattress for a preterm child to rest upside the
incubator has been developed. It measures (indj gressure

SS

points and can move (raise/lower) parts of itsplfrurequest.
A number of pressure sensors are placed in a pattside the
mattress which detect and communicate what is teespre
on each unigue point on the mattress surface. Rixpgron
the data detected by the sensors, the mattressfiguoes
itself to prevent postural problems and pressumessoThe
mattress’s design also allows for remote manipaagind can

ATMEGAS8L [20] microcontrolier including a A/D provide the baby with a small, slight but continsou

converter . . I . .

. . . stimulation, similar to the one in the mother'sruge The
Analogue amplifier and filer used to normalize the . o
ECG continuous small movements also have the objectife

The biomonitor is constructed to use as little pows
possible. This power restriction has influenced theice of
components. The biomonitor communicates using tBath
as it provides a robust transport medium in the@#k band
and the throughput of Bluetooth meets the requirgséo
transmit an ECG signal [18]. When the monitoringides are
placed on the babies, it is automatically activated begins to
send data over the network to the base statiora Dah be
displayed on con-nected monitors as required [IB)e
biomonitor
Bluetooth enabled units, e.g. a mobile phone oD&.PThis
ability to use alternative communication and digpdavices is
important for provid-ing robust service. It is aladeature not
found in similar systems such as the one desciibgill].

D. Bio Sensors

Different bio-sensors can be used in the prototyjpe ECG
is available, while CO2, SpO2, and temperature arder
development. Each biosensor is connected to an |IABine
microcontroller [20] that has been Bluetooth endbl&his
allows each bio-sensor to communicate with a hdgtowt
wires [15]. We are also experimenting the use of
microphone/accelerometer that can pick up respimasiound
and frequency as well as electrodes to collectsicHdaCG 4
signal and sensors for measuring oxygen saturéfp@2 ).

E. Access Point

A BlueGiga Bluetooth base-station running the platf acts
as an access point or bridge between a numberas$disors
and a larger network [15]. Normally a Bluetooth idev
enables only up to 7 other devices to connect tehite this
access point allows up to 21 simultaneous conmextidhis
allows for example a doctor to monitor 15 bio-sessat once
over Bluetooth [19]. If a basestation is within gana
biomonitor will automatically connect to it. On tls¢her hand
if no basestation exists or it fails then it is @b to
communicate directly with a biomonitor from e.g.n@bile
phone or a PDA [15].

F. Network

The Access point is connected to a LAN enabling ardy
monitoring of bio-values but also the possibility turther

favoring child sleep.

H. Web-cam

A normal web-cam is used to provide visual feedbacH
together with bio-sensor data as a medical aicgByst

I. Assembly

The different components of the incubator can lsembled
or de-assembled according to current needs [9]fei®ifit
assemblies can co-exists in parallel, e.g. haviiftprdnt

can also communicate directly with otheassemblies of biosensors depending on the situation

J. MUI Browser

A Migrating User Interface (MUI) is used for allavg end-
user composition of services and devices [22]. Tl
allows the medical staff to discover the serviced devices
available, to access and monitor data as well asrdate,
manipulate and visualize assemblies during theyelesr care
activity.

IV. ASSESSMENT

a . . L . . -

The fragility of this application domain requiresspecific
assessment strategy to evaluate the feasibility &mel
reliability of the envisaged solutions. Indeed thealth
conditions of the babies and the delicate work eflital staff,
often dealing with emergencies, necessitates &l led
accuracy which can not usually be reached in thly phases
of a prototype development. This also in ordernesprve the
safety standard of this environment and not be sSivea
overstressing such a fragile situation.

Thus we adopted a high level strategy for the etadn,
starting from the construction of a shared undaditey of the
concept with the users and then assessing mordledeta
characteristics and technical implications of thetgtype
development. In this view, the physical model & thcubator,
although preliminary, has been developed to susth
evaluation with stakeholders.

Along participatory design sessions the incubatmmcept
has been continuously assessed and specific mettdts
been adopted to evaluate the initial design satstiwith the
users at the NICU (neonatologists, nurses, thegpis
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1) User workshops and activity modelihgve been carried
out in order to capture and evaluate a joint unidading of
work, the practices and the tools utilized, throdigcussions,
focus groups and experiments.

2) Different data sessionhave been conducted with the
medical staff to discuss the design solutions aefind the
technical requirements of the prototype. This byawing and
analyzing with the users ethnographic data ableteal key
aspects of their activities.

3) Different bricolage workshops have been performed to

simulate the design solutions by reusing and coimdpin
existing technologies. THaricolagetechnique is based on the
assembly and integration of various technologie$ devices
in order to make them work in practice [23].

Figure 9: biosensors early physical configuration.

4) Traveling architects’'workshop has been conducted in

order to conform the software development with trser

requirements, as elicited through the fieldwork ivaibes.

Indeed traveling architects represents a group roffitects
responsible for maintaining software architectuassets in a
distributed development project in order to desigwaluate,
and enforce software architecture in active colfabon with

developers and end us¢?g].

5) Future Laboratorieg25] have been carried out to make

users using functional application prototypes tecoaplish

work as realistically as possible, in as realist& possible
settings. In a way that future practice is devetbpa

interaction with  future infrastructures, environrn
applications, devices and architectures; all canebauated
and developed in the light of all others.

6) Different scenarios of usehave been developed for
evaluating the Incubator concept and the religbitf the
system. The use of these scenarios helped usimpieting the
user requirements emerged through fieldwork a@jt by
shaping the envisioned system in the daily praafageonatal
ward practitioners. Moreover, the scenarios hawnhsilized
as a mean for sharing and evaluating the desigmsidenong
the users group.

V. SCENARIOS OF USAGE

In what follows we present the scenarios developed
describe the use of the incubator in the NICU anablve the
stakeholders in participatory design. Exemplarasgitins have
been selected in particular to explore configurabdnd end-
user composition of services and devices, key featof our
concept.

A. At Neonatal Island

Andrea is a premature child born at Siena Hospitar only
27 weeks of gestation. After the delivery at theohgal
Island, the neonatologist configures the dome siracof the
incubator with the set of biosensors to monitor thesic
functions: ECG, CO2, SpO2 and temperature, pladhe
biosensors on the baby and activating them. A rmonit
displays the set of available services and devidés:
neonatologist accesses these parameters througilieatéd
service browser.

Figure 10: neonatologist explores the servicesivises.

B. Day by day Care: assemblies of devices

The neonatologist assembles two devices: the EBSebsor
and the web cam for continuous video monitoringhef baby
in the incubator. In this way she can correlateadaiming
from the EEG with the baby’s movements, for thelysia of
the development of the central
convulsions.

Figure 11: physical assembly of devices.

nervous system and
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Figure 12: neonatologist configures the servicestfe selected devices.

C. Day by day Care: assemblies of services

Once the child’s conditions become stable, the aexdogist
starts the mattress treatment. The mattress pravle baby
with a small, slight but continuous stimulationgngar to the
one in the mother’s uterus. These movements alse tize
objective of favoring child’s sleep. The mattressiso able to
detect the pressure points of the baby’s body so gsevent
postural problems and pressure sores.

The neonatologist assembles two different servidhs:
pressure sensors with the mattress pins. The atimel of
these data is used to define the specific conftgumaof the
mattress pins and the intensity of the movement.

Figure 13: mattress physical configuration.

Figure 14: neonatologist assemblies the serviceh@mattress device.

D. Dealing with emergences - Respiratory anomalies
detection and treatment: what happens today.

During the night the child has a respiratory crigisd the
neonatologist decides to intubate him to ease lhireat\While
ventilated, the premature child can have diffenerdblems.
The most common are respiratory anomalies thatliffieult
to foresee. Today, the neonatologist can detecotarrence
of these problems only when the SpO2 value (oxygen
saturation) noticeably decreases. However, thisntevs
extremely dangerous and can impair the breathipgluties
of the baby. This anomaly can be caused by a meadian
obstruction in the ventilator tube or by the preseof mucus
in the respiratory tracts. In both cases the nedogist has to
suck up the respiratory tracts by placing a tubth@nose of
the child. This procedure is very invasive and fadifor the
baby.

Figure 15: current detection of the respiratoryraaly.

Figure 16: current aspiration procedure.

Figure 17: construction of the CO2 and sound absem
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E. Dealing with emergences - Respiratory anomalies
detection and treatment: what would happen usinpgaize
assemblies.

The neonatologist places the CO2 and sound biosemso
the tube connector of the ventilator.
The CO2 biosensor detects the CO2 value in théraathed
out of the child; the sound biosensor detects thang of air
flow in the tube. Any obstruction in the respirataranomaly
in the breathing can be detected assembling théimsensors

in respect to the current situation, the continucmsstruction
and re-use of assemblies raises serious issuegfiety critical
settings, such as the NICU.

The security of the overall system and the isse&dad to
the privacy in treating the different data and iarmaging the
access to the system, represent key factors ins#iting. In
spite of this, in the initial stages of this prgtm¢ development
we are not taking into account these aspects athou
recognizing their importance.

so as to prevent the abnormalities. When the COReva Among the considered issues, the concemvafiershipof

decreases the system matches this information thvittsound
sensor data. The system alerts the neonatologist @em
decide on the type of intervention. The detectib@©2 in the
breathed out air can also avoid preventive andpr@piate
aspirations (often done today); this makes it gmesito
intervene before the SpO2 value significantly dases.

Figure 18: detection of the respiratory anomalhvgilpable technologies.

VI.

The concept of incubator described in this paper
conceived as an assembly of services and devidesTf@
possibility to use diverse modules to support teeessary
tasks allows
functionalities depending on the babies’ conditiorfer
example different biosensors can be combined irerotd
monitor parameters but also to get a richer or ntoraplete
view of the situation that is at present diffictdtreach (e.g. by
combining EEG + Video recording to monitor the caht
nervous system development).

As it has emerged along the assessment activdie®d out
till now, configuring the assemblies at- hand ismajor
strength of the concept as it has been evaluateédeognedical
staff. The different elements of the incubator (elg dome,
the mattress, the biosensors and the modules nogathe
different machineries), can be easily added, remhomad
combined to support the diverse care activitiesis Tdlso
implies the possibility to centralize or distribube monitoring
function in the environment, depending on whatagpgening
in the ward (e.g. parents visit, or therapeutiatiments).

DISCUSSION

an assembly plays a fundamental role: in a coritexthich
many different people (nurses, therapists, doctails) part to
the health care processes by using (directly or) riog
assemblies, a key question is related to the utadeli®g of
“who has done what” in the system.

In this respect, we are now currently investigatingans to
manage the responsibility of the different actoasid the
traceability of any action and operation in thetays Our
concept of end-user composition is currently ewvayvito
include the notions of ownership and traceabillBach user is
responsible for the assemblies she builds andyters keeps
track of any change produced in the assembly andHpm.
This means that the technological development mndergo
an organizational process where roles and actvitieist be
redesigned.

In the design of flexible and configurable asseswlof
devices another fundamental feature isrtffeustnesf these
applications in order to be used in the daily asenell as in
emergences situations. The assembly has to guarante
dependability and stability, most of all when thbgve to
support safety critical applications and serviced have to
cope with changing contexts.

The notion of assembly also embodies the concepts o
graceful degradation and inspection: palpable teldyies
must support resilience in case of functional bdeakns [26].
i§ part of the system fails, still some functiomalshould be
available and working. Inspection should allow th&er to
examine the current state of the different comptsen the

the configuration of both devices andystem and possibly to reconfigure it accordinfljhe system

is subject to degradation, it should be able taudebe current
state and communicate its new status [11] thusinffecues to
the user to recover the failures. It has to be ajuaed the still
continue use of the working functionalities of thgstem.
Indeed, pervasive and configurable applicationsnotarset
persistence and coherence aside: users shouldamadaintrol
and understanding over the system.

This is a key issue for technological developmdnt.
devising technologies for the newborn intensiveecae are
faced with the research challenge of investigatimgw
aesthetics of use and new functionality in suppéra wide
range of values [1]. End-user composition and teldgy re-
use [27], may be key features for the user acceptdn
sensitive environments [28]. Therefore the chakerg to
understand how to best integrate devices into such
environments and how we can let people to modity evolve

Anyhow, even if the physical, logical and functibnathe technologies in different configurations sa thase can be

construction/deconstruction of the incubator enwinent has
been recognized by the doctors as a tremendousvement

used as part of everyday working practices.
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