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Abstract — This paper presents some early design work of an 

innovative concept of an incubator, carried out under the 
European project Palcom. Gaining a comprehensive 
understanding of user requirements in care settings poses 
interesting methodological challenges. This paper details some 
methodological options for developing technologies which allow 
end-user composition and re-configurability, and documents how 
fieldwork has been translated into design solutions. In particular 
we describe the notion of technological assemblies interpreted as 
the combination of services and devices, which the users can 
dynamically configure to support their needs. We report on the 
importance of flexibility and control in the use of such 
technological assemblies in a neonatal ward and present an early 
prototype of incubator designed to be sensitive to the particular 
requirements of the setting.  

 
Index terms — Assembly; Adaptive systems; Biomedical 

transducers; Medical services. 
 

I. INTRODUCTION 

HE introduction of digital technologies in health care 
settings requires specific considerations related to the 

characteristics of the domain, the activities that take place and 
the different skills of the diverse actors involved. The 
continuous control and monitoring of patients parameters are 
obtained through medical personnel collaboration and 
cooperation of individuals with specific skills, heterogeneous 
backgrounds and different organizational values [1]. 
Emergences require continuous re-definition of action-plans 
and re-arrangement of work flows, creating ad hoc solutions 
for each specific situation. 

Such a complexity can generate latent conflict situations 
which could affect the safety of the patients and of the work 
environment. The use of information technologies directly 
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impacts the way in which the different tasks are carried out in  
these contexts, enabling new behaviours, supporting new 
practices, but also generating new problems, i.e. what happens 
during a system breakdown or when any failure occurs? The 
possibility to anticipate the occurrence of breakdowns and to 
allow inspection of digital devices is a key issue when 
introducing information technologies in this setting. Indeed, 
managing the health care complexity means allowing the 
different users to get in control of the simultaneous processes 
undertaken [2], [3]. 

The objective of this paper is to envision potential usages of 
digital technologies in such particularly critical settings by 
presenting the case of the Neonatal Intensive Care Unit 
(NICU), at ‘Le Scotte’ Hospital in Siena (Italy). Even at a first 
glance, the NICU represents a very delicate area of analysis: 
because of the premature babies’ conditions, the nature of 
work often dealing with emergencies and the psychological 
pressures, especially for the non-professional actors (mainly 
parents and families) [4], [5] and [6]. Our aim is to explore 
which technologies can address the specific needs of a 
sensitive environment like NICU, supporting medical staff’s 
control on the processes, configurability of services and 
devices in order to respond to specific newborn conditions, 
anticipation of breakdown occurrences and inspection of 
system behaviour. 

In this perspective, we adopted palpable computing as an 
emerging conceptual framework developed within the EU 
funded project PalCom (PalCom, http://www.ist-palcom.org). 
Palpable computing grounds on the notion of ambient 
computing which is focused on the design of distributed, 
pervasive and reactive systems able to communicate with the 
users and to continuously adapt to their needs and expectations 
[7], [8]. The palpable computing paradigm purposely 
addresses the way in which humans meaningfully interact with 
distributed computational systems available in the 
environment. Palpable computing aims at supporting user 
control by composing and de-composing assemblies of devices 
and services which communicate and exchange data [9]. The 
assemblies are physical and logical entities consisting for 
instance of a web cam and an EEG sensor that the 
neonatologist can set up to study any correlation between the 
baby’s movements and the development of the central nervous 
system and convulsions. The creation of assemblies implies 
that each part of the assembly is easy to understand on the 
logical level (what can be done with this, what can it go 
together with and for what purpose), the functional level (how 
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to use it) and on the physical level (it must be possible to see 
what fits together and to actually build/rebuild). Consequently, 
the assembled systems should support the continuous 
attribution and negotiation of meaning through interaction 
[10], [11].  

In what follows, we present a case study in which innovative 
technologies have been designed for the NICU at the Siena 
Hospital, to support end user composition of services and 
devices. In detail, we will report on the fieldwork activity 
which grounded and inspired the design process. We present 
the technology exploration of assemblies in neonatal care and 
illustrate a future scenario to evaluate the impact of the 
introduction of such concept in a delicate scenario like the 
NICU. Finally, the early outcomes of the design process will 
be discussed in order to inform the concept of palpability in 
health care applications. 

The overall approach integrates methodologies from 
ethnographic studies with techniques inspired by industrial 
design along different participatory design sessions [12], [13]. 
  

II. NICU: PRACTICES, ACTORS, TOOLS AND THE 

ENVIRONMENT 

The admissions to the NICU generally happen under 
emergency situations related to problems occurred during the 
delivery or during the pregnancy if the infants or mothers 
health status becomes critical. At the admission infants are 
placed on a preheated bed where the medical staff monitors the 
infant’s heart rate, respiratory rate, oxygen saturation, body 
and incubator temperature as well as the blood oxygen levels. 
The premature newborns usually require complex medications, 
umbilical tubes and intubations. The basic problem regarding 
neonatal intensive care is that the baby should be as close as 
possible to the mother [14] but at the same time the baby 
cannot survive outside the controlled environment of an 
incubator.  
 

  
Figure 1: Standard incubator at NICU, Siena Hospital, Siena (Italy). 

 

 
Figure 2: Incubator set up, NICU, 'Le Scotte' Hospital, Siena (Italy). 

 

 
Figure 3: Skin saturation, heart rate and ventilating machineries at NICU, 'Le 
Scotte' Hospital, Siena (Italy). 
 

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

The incubator reveals to be the main stage that the medical 
staff can configure to adapt temperature, oxygen and humidity 
depending on the baby conditions. The machinery surrounding 
the incubator represents a sort of extension of the incubator 
that can be attached or removed depending on babies current 
needs. 

The medical staff (neonatologists, nurses and therapists) 
configures the incubator environment in order to keep the baby 
body in place, to position sensors for monitoring vital 
parameters and to intervene for specific treatments, such as 
intubation and X-ray. 
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Furthermore they need to carry out a continuous monitoring 
activity of the newborn conditions to prevent critical reactions 
and to try to anticipate emergencies. 

Currently hearth rate, oxygen saturation, respiratory and 
blood pressure are all monitored by machinery called 
saturimeter which display the trend of these parameters. 
Indeed, this is linked to the electrode of the ECG to detect the 
heart frequency; this electrode could be placed in combination 
with other ones (two on the chest of the baby and one on 
abdomen) to detect the heart frequency. 

The incubator can also detect temperature of both the baby 
body, and that one in the incubator micro-environment, 
together with humidity and the weight of the child. 
The information related to these parameters is continuously 
displayed both next to the incubator and on remote control 
stations. These data inform the treatment of the newborns by 
means of constant visualization and alarm system. 

To make sense of the different values monitored by the 
instruments around the incubator the neonatologist always has 
to integrate different typologies of information. This 
integration is the main strategy to get in control of the baby 
conditions and is also useful to reveal errors in the systems. 
Indeed only the comparison of data gives the doctors a good 
understanding of newborn status.  
 

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

A. Envisioning biosensors assemblies 

To better comprehend the nature of the work at the NICU, 
we organized different workshops involving neonatologists, 
nurses and therapists. They were usually asked to use their 
current tools pretending to construct/deconstruct meaningful 
assemblies.  

Outcomes from these activities clarified the basic features of 
existing technologies i.e. their physical characteristics; the 
needs for bioelectrical signal sensors (ECG, EEG, EMG) and 
for analog signals’ ones (transcutaneous CO2, respiratory 
CO2, temperature, SpO2 and blood pressure), and some 
drawbacks. For example the use of these devices requires 
wires and tubes, which, when in contact with the baby skin, 
can provoke abrasions or irritations. 

From this activity many interesting elements emerged to 
inform the design process. 

1) The possibility of wireless detectors can be suitable for 
removing a part (or the majority) of wires and tubes which are 
now in the incubator and to make it easier moving the child 
through different areas in the NICU, i.e. from the neonatal 
island to the neonatal ward; from the incubator to the treatment 
table; during the bath, when the mother holds the child, etc. 

2) Medical personnel provided a very good hint on the 
possibility to have an ad hoc network of sensors to be 
monitored in distributed and portable devices as well as 
remotely. Indeed this can suit many different situations such as 
the first interventions on the baby just after the delivery as well 
as the transportation of the premature newborns from different 
hospitals to the intensive care unit. 

3) Together with the stakeholders we collect requirements 
for designing bio-sensors useful to detect baby parameters; 
among them some are already in use (like ECG, EEG, EMG 
and SpO2) while others, like the CO2 sensor, were envisioned 
in order to overcome important problems in the daily care of 
the babies. Other specific biosensors would be desirable in 
order to detect Ph cutaneous, O2 and temperature. It might be 
useful to have at least three sensors to detect temperature in 
different parts of the baby body; and visualizing the values 
both in an aggregated way and separately.  

4) Respiration sound was pointed out as an extremely 
valuable source of information. If the baby is ventilated, it can 
be useful to place the sensor on the ventilation tube in order to 
detect any interruption in the air flow; conversely, if the baby 
breathes autonomously, measuring the breath sound can 
prevent obstructive apneas. This implies that the sensor is 
correctly placed in order to detect appropriate sound 
frequencies while excluding others. 

5) The medical staff also imagined different combinations 
of data detected by the biosensors which may be useful for 
interpreting the health conditions of the newborn:  
 

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

 
The first two assemblies of sensors data can help in 

discriminating between convulsions and muscular contractions 
whilst the last one would serve to diagnose particular 
syndromes related to movements. 

Furthermore, the medical personnel suggested the 
possibility to detect the pressure points of baby body through 
the underneath mattress on which the baby lays. This would be 
very beneficial to prevent postural abnormalities. Furthermore 
the small mattress revealed to be a space which could be 
successfully augmented by technologies. Indeed the mattress 
could continuously detect the pressure points newborn’s body, 
the baby’s weigh, and if necessary provide the baby with a 
micro-stimulation, to avoid pressure sores and the frequent 
postural problems. 

The fieldwork activities combined to creative workshops 
with the stakeholders enriched our understanding of the 
context of use and allowed to collect fundamental 
requirements for an effective introduction of new technologies 
in the NICU. 
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To summarize, the NICU presents 1) a high level of re-
configurability, i.e. each incubator should be conceived as an 
ad hoc entity, tailored on the baby’s conditions and 
dynamically changing over time. 2) The work practice is based 
on the continuous combination and integration of data coming 
from different sources. 3) Different actors have different 
access to the incubator depending on their role: this implying a 
different access to the information to be displayed. 4) This 
setting should support co-existence of emergence situations as 
well as daily care. 

Based on these assumptions, we developed a new concept of 
the incubator (in collaboration with the Aarhus School of 
Architecture and Aarhus University, our partners in the 
PalCom Project).  
 

III.  PROTOTYPE DESCRIPTION 

The incubator has been designed as an autonomous system 
that doesn’t need to be connected to other external devices like 
ventilators or phototherapy lamps as is the case today. The 
various units needed in the treatment and care of premature 
newborn are plugged into a rack on the back on the incubator. 
A system of different modules contains the different 
machineries for the treatment. 
 

           
Figure 6: the dome structure of incubator physical model. 

A. Incubator physical model 

The dome is the basic unit of the incubator. The premature 
newborn is placed in the incubator immediately after the 
delivery when the midwives and the physicians check the 
fundamental vital parameters by attaching a system of 
biosensors. In this way the child may be moved from the 
delivery room to the neonatal ward within the dome in order to 
preserve the optimal conditions as much as possible. The dome 
structure is easily moveable mainly because the biosensors 
wireless communication limits the amount of wires, in this way 
the dome becomes an autonomous structure. 

Furthermore, the dome construction allows the incubator 
bed to swivel, thus increasing the possibility to access the 
incubator from different positions and supporting situations in 
which different actors intervene on the baby. The circular 
shape of the dome and the presence of holes are specific 
design solutions for supporting the collaboration among the 
different actors of the community. The child can be accessed 
in multiple ways, either going through the holes or by 
completely removing the dome. The possibility to use diverse 
modules of the incubator in order to support the necessary 
tasks allows to configure the functionalities depending on the 
different babies’ conditions. 

Furthermore, in each incubator it is possible to combine 
assemblies of different biosensors in order to remotely monitor 
precise parameters and combining those to get richer or more 
complete information.  
 

                 
Figure 7: Displays and modules in the incubator physical model 

         
Figure 8: the mattress and the pins art system for manipulating the baby body 

Within the micro-environment of the incubator, the baby 
lies on a mattress containing body pressure biosensors for 
detecting the loaded areas of the baby body on the mattress 
surface. In order to avoid pressure sores and similar problems 
a fine grained modular system allows the medical staff to 
manipulate and change the position of the baby body without 
opening the incubator, thus preserving the microenvironment 
conditions inside. This manipulation is allowed by a pin art-
like system whose elements can be moved up and down 
directly or remotely. 

The incubator can be set up in different ways by configuring 
assemblies of devices and services.  

B. Assemblies of devices and services 

- EEG + video streaming of the baby, by means of a web 
cam placed inside the incubator. The combination of these 
devices (web cam and EEG biosensor) provides the medical 
staff with the monitoring of child neurological development; as 
well as the monitoring of convulsions and spasms.  

- Stimulation of the baby through the mattress + detection of 
baby pressure points on the mattress. The combination of these 
parameters can help the medical staff in preventing postural 
problems, pressure sores and supporting the therapeutic 
treatment of premature baby. 
 

The design process of the incubator is in its early phases of 
prototyping. The software development is currently ongoing to 
prototype an initial version of the system. The prototype 
integrates the following components: 

- biomonitor 
- bio-sensors 
- access point 
- network 
- mattress 
- web-cam 
- assembly 
- MUI browser 



2990 5 

C. Biomonitor 

The prototype is a version of the wireless biomonitor system, 
BlueBio [17]. The BlueBio system is designed for use in 
Major Incidents setting and at the NICU, to be integrated in 
the Incubator prototype. The system monitors biomedical 
signals from premature newborns by use of wireless 
biomonitors [15]. The biomonitor collects biomedical signals 
from the baby's body when placed on the newborn. At the 
moment the biomonitor measures ECG [18]. 

The biomonitor is comprised of the following main 
components: 

·  Bluetooth module [19] 
·  ATMEGA8L [20]  microcontroller including a A/D 

converter 
·  Analogue amplifier and filer used to normalize the 

ECG 
The biomonitor is constructed to use as little power as 

possible. This power restriction has influenced the choice of 
components.  The biomonitor communicates using Bluetooth 
as it provides a robust transport medium in the 2.4 GHz band 
and the throughput of Bluetooth meets the requirements to 
transmit an ECG signal [18]. When the monitoring devices are 
placed on the babies, it is automatically activated and begins to 
send data over the network to the base station. Data can be 
displayed on con-nected monitors as required [16]. The 
biomonitor can also communicate directly with other 
Bluetooth enabled units, e.g. a mobile phone or a PDA. This 
ability to use alternative communication and display devices is 
important for provid-ing robust service. It is also a feature not 
found in similar systems such as the one described in [21]. 

D. Bio Sensors  

Different bio-sensors can be used in the prototype. The ECG 
is available, while CO2, SpO2, and temperature are under 
development. Each biosensor is connected to an Atmel 8L 
microcontroller [20] that has been Bluetooth enabled. This 
allows each bio-sensor to communicate with a host without 
wires [15]. We are also experimenting the use of a 
microphone/accelerometer that can pick up respiration sound 
and frequency as well as electrodes to collect a basic ECG 4 
signal and sensors for measuring oxygen saturation (SpO2 ).  

E. Access Point  

A BlueGiga Bluetooth base-station running the platform acts 
as an access point or bridge between a number of Bio-sensors 
and a larger network [15]. Normally a Bluetooth device 
enables only up to 7 other devices to connect to it while this 
access point allows up to 21 simultaneous connections. This 
allows for example a doctor to monitor 15 bio-sensors at once 
over Bluetooth [19]. If a basestation is within range a 
biomonitor will automatically connect to it. On the other hand 
if no basestation exists or it fails then it is possible to 
communicate directly with a biomonitor from e.g. a mobile 
phone or a PDA [15]. 

F. Network 

The Access point is connected to a LAN enabling not only 
monitoring of bio-values but also the possibility to further 

transmit data (e.g. to other wards within the hospital) when 
explicitly needed.   

G. Mattress 

A special mattress for a preterm child to rest upon inside the 
incubator has been developed. It measures (in a grid) pressure 
points and can move (raise/lower) parts of itself upon request. 
A number of pressure sensors are placed in a pattern inside the 
mattress which detect and communicate what is the pressure 
on each unique point on the mattress surface. Depending on 
the data detected by the sensors, the mattress reconfigures 
itself to prevent postural problems and pressure sores. The 
mattress’s design also allows for remote manipulation and can 
provide the baby with a small, slight but continuous 
stimulation, similar to the one in the mother’s uterus. The 
continuous small movements also have the objective of 
favoring child sleep. 

H. Web-cam 

A normal web-cam is used to provide visual feedback and 
together with bio-sensor data as a medical aid system.  

I. Assembly 

The different components of the incubator can be assembled 
or de-assembled according to current needs [9]. Different 
assemblies can co-exists in parallel, e.g. having different 
assemblies of biosensors depending on the situation.  

J. MUI Browser 

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

 

IV. ASSESSMENT 

The fragility of this application domain requires a specific 
assessment strategy to evaluate the feasibility and the 
reliability of the envisaged solutions. Indeed the health 
conditions of the babies and the delicate work of medical staff, 
often dealing with emergencies, necessitates  a level of 
accuracy which can not usually be reached in the early phases 
of a prototype development. This also in order to preserve the 
safety standard of this environment and not be invasive 
overstressing such a fragile situation. 

Thus we adopted a high level strategy for the evaluation, 
starting from the construction of a shared understanding of the 
concept with the users and then assessing more detailed 
characteristics and technical implications of the prototype 
development. In this view, the physical model of the incubator, 
although preliminary, has been developed to sustain the 
evaluation with stakeholders.  

Along participatory design sessions the incubator concept 
has been continuously assessed and specific methods have 
been adopted to evaluate the initial design solutions with the 
users at the NICU (neonatologists, nurses, therapists) 
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1) User workshops and activity modeling have been carried 
out in order to capture and evaluate a joint understanding of 
work, the practices and the tools utilized, through discussions, 
focus groups and experiments. 
 2) Different data sessions have been conducted with the 
medical staff to discuss the design solutions and define the 
technical requirements of the prototype. This by reviewing and 
analyzing with the users ethnographic data able to reveal key 
aspects of their activities. 
 3) Different bricolage workshops have been performed to 
simulate the design solutions by reusing and combining 
existing technologies. The bricolage technique is based on the 
assembly and integration of various technologies and devices 
in order to make them work in practice [23].  
 4) Traveling architects’ workshop has been conducted in 
order to conform the software development with the user 
requirements, as elicited through the fieldwork activities. 
Indeed traveling architects represents a group of architects 
responsible for maintaining software architectural assets in a 
distributed development project in order to design, evaluate, 
and enforce software architecture in active collaboration with 
developers and end users [24]. 
 5) Future Laboratories [25] have been carried out to make 
users using functional application prototypes to accomplish 
work as realistically as possible, in as realistic as possible 
settings. In a way that future practice is developed in 
interaction with future infrastructures, environments, 
applications, devices and architectures; all can be evaluated 
and developed in the light of all others. 
 6) Different scenarios of use have been developed for 
evaluating the Incubator concept and the reliability of the 
system. The use of these scenarios helped us in interpreting the 
user requirements emerged through fieldwork activities, by 
shaping the envisioned system in the daily practice of neonatal 
ward practitioners. Moreover, the scenarios have been utilized 
as a mean for sharing and evaluating the design ideas among 
the users group. 
 

V. SCENARIOS OF USAGE 

In what follows we present the scenarios developed to 
describe the use of the incubator in the NICU and involve the 
stakeholders in participatory design. Exemplar situations have 
been selected in particular to explore configurability and end-
user composition of services and devices, key features of our 
concept.  

A. At Neonatal Island 

Andrea is a premature child born at Siena Hospital after only 
27 weeks of gestation. After the delivery at the Neonatal 
Island, the neonatologist configures the dome structure of the 
incubator with the set of biosensors to monitor the basic 
functions: ECG, CO2, SpO2 and temperature, placing the 
biosensors on the baby and activating them. A monitor 
displays the set of available services and devices: the 
neonatologist accesses these parameters through a dedicated 
service browser. 
 

 
Figure 9: biosensors early physical configuration. 

 

 
Figure 10: neonatologist explores the services’ browser. 

 

B. Day by day Care: assemblies of devices 

The neonatologist assembles two devices: the EEG biosensor 
and the web cam for continuous video monitoring of the baby 
in the incubator. In this way she can correlate data coming 
from the EEG with the baby’s movements, for the analysis of 
the development of the central nervous system and 
convulsions. 
 

 
Figure 11: physical assembly of devices. 
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Figure 12: neonatologist configures the services for the selected devices. 

 

C. Day by day Care: assemblies of services 

Once the child’s conditions become stable, the neonatologist 
starts the mattress treatment. The mattress provides the baby 
with a small, slight but continuous stimulation, similar to the 
one in the mother’s uterus. These movements also have the 
objective of favoring child’s sleep. The mattress is also able to 
detect the pressure points of the baby’s body so as to prevent 
postural problems and pressure sores.  

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

 
Figure 13: mattress physical configuration. 

 

 
Figure 14: neonatologist assemblies the services on the mattress device. 

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

During the night the child has a respiratory crisis and the 
neonatologist decides to intubate him to ease breathing. While 
ventilated, the premature child can have different problems. 
The most common are respiratory anomalies that are difficult 
to foresee. Today, the neonatologist can detect the occurrence 
of these problems only when the SpO2 value (oxygen 
saturation) noticeably decreases. However, this event is 
extremely dangerous and can impair the breathing capabilities 
of the baby. This anomaly can be caused by a mechanical 
obstruction in the ventilator tube or by the presence of mucus 
in the respiratory tracts. In both cases the neonatologist has to 
suck up the respiratory tracts by placing a tube in the nose of 
the child. This procedure is very invasive and painful for the 
baby. 
 

 
Figure 15: current detection of the respiratory anomaly. 

 

 
Figure 16: current aspiration procedure. 

 

 
Figure 17:  construction of the CO2 and sound assembly. 



2990 8 

E. Dealing with emergences - Respiratory anomalies 
detection and treatment: what would happen using palpable 
assemblies. 

The neonatologist places the CO2 and sound biosensors in 
the tube connector of the ventilator.  
The CO2 biosensor detects the CO2 value in the air breathed 
out of the child; the sound biosensor detects the sound of air 
flow in the tube. Any obstruction in the respirator or anomaly 
in the breathing can be detected assembling the two biosensors 
so as to prevent the abnormalities. When the CO2 value 
decreases the system matches this information with the sound 
sensor data. The system alerts the neonatologist who can 
decide on the type of intervention. The detection of CO2 in the 
breathed out air can also avoid preventive and inappropriate 
aspirations (often done today); this makes it possible to 
intervene before the SpO2 value significantly decreases. 

 

 
Figure 18: detection of the respiratory anomaly with palpable technologies. 
 

VI. DISCUSSION 

The concept of incubator described in this paper is 
conceived as an assembly of services and devices [9]. The 
possibility to use diverse modules to support the necessary 
tasks allows the configuration of both devices and 
functionalities depending on the babies’ conditions: for 
example different biosensors can be combined in order to 
monitor parameters but also to get a richer or more complete 
view of the situation that is at present difficult to reach (e.g. by 
combining EEG + Video recording to monitor the central 
nervous system development).  

As it has emerged along the assessment activities carried out 
till now, configuring the assemblies at- hand is a major 
strength of the concept as it has been evaluated by the medical 
staff. The different elements of the incubator (e.g. the dome, 
the mattress, the biosensors and the modules containing the 
different machineries), can be easily added, removed and 
combined to support the diverse care activities. This also 
implies the possibility to centralize or distribute the monitoring 
function in the environment, depending on what is happening 
in the ward (e.g. parents visit, or therapeutic treatments). 

Anyhow, even if the physical, logical and functional 
construction/deconstruction of the incubator environment has 
been recognized by the doctors as a tremendous improvement 

in respect to the current situation, the continuous construction 
and re-use of assemblies raises serious issues for safety critical 
settings, such as the NICU.  

The security of the overall system and the issues related to 
the privacy in treating the different data and in managing the 
access to the system, represent key factors in this setting. In 
spite of this, in the initial stages of this prototype development 
we are not taking into account these aspects although 
recognizing their importance.   

Among the considered issues, the concept of ownership of 
an assembly plays a fundamental role: in a context in which 
many different people (nurses, therapists, doctors) take part to 
the health care processes by using (directly or not) the 
assemblies, a key question is related to the understanding of 
“who has done what” in the system. 

In this respect, we are now currently investigating means to 
manage the responsibility of the different actors’ and the 
traceability of any action and operation in the system. Our 
concept of end-user composition is currently evolving to 
include the notions of ownership and traceability.  Each user is 
responsible for the assemblies she builds and the system keeps 
track of any change produced in the assembly and by whom. 
This means that the technological development must undergo 
an organizational process where roles and activities must be 
redesigned.  

In the design of flexible and configurable assemblies of 
devices another fundamental feature is the robustness of these 
applications in order to be used in the daily care as well as in 
emergences situations. The assembly has to guarantee 
dependability and stability, most of all when they have to 
support safety critical applications and services and have to 
cope with changing contexts.  

The notion of assembly also embodies the concepts of 
graceful degradation and inspection: palpable technologies 
must support resilience in case of functional breakdowns [26]. 
If part of the system fails, still some functionality should be 
available and working. Inspection should allow the user to 
examine the current state of the different components of the 
system and possibly to reconfigure it accordingly. If the system 
is subject to degradation, it should be able to debug the current 
state and communicate its new status [11] thus offering cues to 
the user to recover the failures. It has to be guaranteed the still 
continue use of the working functionalities of the system. 
Indeed, pervasive and configurable applications cannot set 
persistence and coherence aside: users should maintain control 
and understanding over the system.  

This is a key issue for technological development. In 
devising technologies for the newborn intensive care we are 
faced with the research challenge of investigating new 
aesthetics of use and new functionality in support of a wide 
range of values [1]. End-user composition and technology re-
use [27], may be key features for the user acceptance in 
sensitive environments [28]. Therefore the challenge is to 
understand how to best integrate devices into such 
environments and how we can let people to modify and evolve 
the technologies in different configurations so that these can be 
used as part of everyday working practices.  



2990 9 

ACKNOWLEDGMENT 

Thanks to Prof. Bagnoli, Maria Grazia Burroni and the 
medical staff at the Neonatal Intensive Care Unit of the “Le 
Scotte” hospital, Siena, for their open-minded collaboration 
and continuous support during the fieldwork. A special thanks 
goes also to Gunnar Kramp for having contributed to the 
incubator concept generation and prototype development. The 
research was part of the EC IST PalCom project 
(www.palcom.dk).  

REFERENCES 

[1] Gronvall, E., Marti, P., Pollini, A., Rullo, A., Bertelesen, 
O., Palpable time for heterogeneous care communities, 
Proceedings of Critical Computing between Sense and 
Sensibility, Aarhus, Denmark, August, 2005. 

[2] Schultz, U.P. Corry, E. Lund, K. E. Virtual Machines for 
Ambient Computing: A Palpable Computing Perspective 
Proceeding of ECOOP 2005 Object Technology for 
Ambient Intelligence Workshop, Glasgow, U.K. 

[3] Rodden, T. and Blair, G., "CSCW and Distributed 
Systems: The Problem of Control", Proceeding of the 
Second European Conference on Computer-Supported 
Cooperative Work", Amsterdam, The Netherlands, 
September 1991. 

[4] Als, H., Lawhon, G., Brown, E., et al. (1986) 
Individualized behavioral and environmental care for the 
very low birth weight preterm infant at high risk for 
bronchopulmonary dysplasia: neonatal intensive care unit 
and developmental outcome. Pediatrics. 1986; 78:1123–
1132. 

[5] Bettmann, Henry W. (1892) Premature Labor and the 
New-Born Child. American Journal of Obstetrics and 
Diseases of Women and Children 25:315-328. 

[6] Pignotti, M.S., Nato Piccino Picciò, Le Lettere, Firenze, 
2000 

[7] Weiser, M., The Computer for the Twenty-First Century. 
Scientific  American, pp. 94-10, September 1991  

[8] Weiser, M., Some Computer Science Problems in 
Ubiquitous  Computing, Communications of the ACM, 
July 1993. (reprinted as  "Ubiquitous Computing". Nikkei 
Electronics; December 6, 1993; pp. 137-143.) 

[9] Ingstrup, M., Hansen, K. M. Palpable Assemblies: 
Dynamic Service Composition for Ubiquitous Computing. 
Proceedings of the Seventeenth International Conference 
on Software Engineering and Knowledge Engineering. 
Taipei, Taiwan, Republic of China. July 2005. 

[10] Mavrommati, I., Kameas, A., “End-user programming 
tools in ubiquitous computing applications”, HCII 2003, 
June 2003, Crete, Greece. 

[11] Grönvall, E., Marti, P., Pollini, A., Rullo, A., Active 
surfaces: a novel concept for end user composition, 
NordiCHI 2006, Oslo, Norway, 14-18 October, 2006.  

[12] Greenbaum, J. Kyng, M. Design at Work. Hillsdale, NJ:  
Erlbaum, 1991. 

[13] Crabtree, A., "Taking technomethodology seriously: 
hybrid change in the ethnomethodology-design 
relationship” European Journal of Information Systems, 
vol. 13, pp. 195-209.   

[14] Westrup, B., Newborn Individualized Developmental 
Care and Assessment Program (NIDCAP): Family-
centered Developmentally Supportive Care. NeoReviews 
Vol.6 No.3 March, 2005. 

[15] Kristensen, M., Kyng, M., Toftdahl Nielsen, E., IT 
support for healthcare professionals acting in major 
incidents, SHI2005, PROCEEDINGS, 3rd Scandinavian 
conference on Health Informatics, Aalborg University, 
August 25-26, pp 37-41, 2005. 

[16] Kristensen, M., Kyng, M., Palen, L., Participatory design 
in emergency medical service: designing for future 
practice, Proceedings of the SIGCHI conference on 
Human Factors in computing systems, Montréal, Québec, 
Canada , 2006, pp.160-171. 

[17] Kyng, M., Toftdahl Nielsen, E., Kristensen, M., 
Challenges in designing interactive systems for emergency 
response, Proceedings of the 6th ACM conference on 
Designing Interactive systems table of contents, 
University Park, PA, USA,  2006, pp. 301 – 310. 

[18] Kramp, G., Kristensen, M., Frølund Pedersen, J., Physical 
and digital design of the BlueBio biomonitoring system 
prototype, to be used in emergency medical response, 
Proceedings of Pervasive Healthcare, Innsbruck, Austria, 
November, 2006. 

[19] Bluetooth description, available at: 
http://www.bluegiga.com/default.asp?f=2&t=1&p=1300&subp=200 

[20] Atmel microcontroller description, available at: 
www.atmel.com/dyn/resources/prod_documents/2486S.pdf. 

[21] Holzman, T. G. Computer-human interface solutions for 
emergency medical care.Interactions 6(3), (1999), 13-24. 

[22] Svensson, D. Magnusson, B. and Hedin, G., Composing 
ad-hoc applications on ad-hoc networks using MUI, 
Proceedings of Net.ObjectDays, 6th Annual International 
Conference on Object-Oriented and Internet-based 
Technologies, Concepts, and Applications for a 
Networked World, Erfurt, Germany, September 2005. 

[23] Shapiro, D., Mogensen, P. and M. Büscher. (1996). 
Bricolage as software culture and practice. In Proceedings 
of the COSTA4 Workshop on Software Cultures, 
December, Technical University of Vienna. 

[24] Corry, V.C., Hansen , K.M., and Svensson, D., Traveling 
Architects – A New Way of Herding Cats, Proceeding of 
QoSA'2006. 

[25] Büscher M., Mogensen P., Agger Eriksen M., Friis 
Kristensen (2004) J. Ways of grounding imagination. 
Proceedings of the Participatory Design Conference 
(PDC), Toronto, Canada, 27-31 July 2004 pp. 193-203. 
http://www.daimi.au.dk/%7Ebuscher/Monika/papers/PDC
2004_Buscher_final.pdf. 

[26] Rimassa, G., Greenwood, D. and Calisti, M., Palpable 
Computing and the Role of Agent Technology, Multi-
Agent Systems and Applications IV, 4th International 
Central and Eastern European Conference on Multi-Agent 
Systems, CEEMAS 2005, Budapest, Hungary, September 
2005, Proceedings, Volume Editor(s): P� chou� ek, Michal; 
Petta, Paolo; Varga, László Z. 

[27] Harris, E., Price, S., Phelps, T., Smith, H. and Weal, M., 
“Data recording and reuse: Supporting research and 



2990 10 

digitally augmented learning experiences"   Equator 
Record and Reuse Workshop, London, England. 

[28] Chalmers, M., “Coupling and Heterogeneity in Ubiquitous 
Computing” Workshop paper for ACM CHI 2004 
Workshop on Reflective HCI: Towards a Critical 
Technical Practice, Vienna, April 2004. 

 
 


