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ABSTRACT diction to the kind of work that originally was the target for
Clinical work in modern hospitals is characterized by a high computer systems: clerical office work performed at a desk
degree of mobility, frequent interruptions, and much ad hoc in front of a personal desktop computer. We present our pro-
collaboration between colleagues with different expertise. posal for supporting pervasive collaboration, which we call
Electronic patient record systems are typically build upon an activity-driven computing infrastructureThe core idea

the classic client-server architectural style that has evolvedis to directly support the work activities that people are en-
to support office work that do not have these properties. Ingaged in, and make this support pervasive within a hospital
this paper, we describe clinical work and compare it with €nabling them to start, suspend, resume and finalize work ac-
office work. This analysis leads to the conclusion that the tivities anywhere and at any time.

mobile, interrupted, and ad hoc collaborative nature of clin-
ical work is poorly supported by traditional client-server ar-
chitectures and we propose activity-driven computing in-
frastructureas an alternative. We outline our prototype de-
sign; argue how it supports clinical work and present initial
results from testing the architecture in workshops with clini-
cians from Aarhus county hospital.

MOBILITY, DISTRIBUTED COLLABORATION AND COM-
PUTER SUPPORT

The research field of CSCW has for years been investigat-
ing collaborative work in real world settings and recently a
few studies have been looking explicitly at how mobility and
distributed collaboration is central to certain types of work.
Moreover, in many case studies of cooperative work, mobil-

KEYWORDS: Pervasive Computing, Pervasive Healthcare, ity has been a core component of work but not explicitly dealt

Mobile CSCW, Distributed Collaboration, Software Archi- with (e.g. [17]). As described by Bellotti and Bly [4] people
tecture. working in an office PC environment with desktop comput-

ers need to move around in order to cooperate. They need to
INTRODUCTION move to shared resources not located in their personal office
space and they need to move in order to communicate. The
interesting part of this study is that even though we are in
a typical office setting with desks, chairs and desktop com-
puters, the classic desktop personal computer design leaves
much to desire when it comes to supporting their work. A

work. Clinicians are on the move most of the time and only tsr:J bsﬁm.'al ?fgrt of Lh?;r\:v ork was td one |fn d|Iferetnt Iocatljoni
few have their own desk or personal computer. Their work is 1an their ? ices, but the computing |n”ras ructure made 1
difficult to “get away from the desktop” while preserving

highly collaborative and often involves clinicians from sev- ; " : N
eral departments and even hospitals to treat a patient. wehe's computing environment.

have termed this kind of WOfperVaSiVe collaboratiorbe- Much Work, however, does not take place in an office and
cause it is highly nomadic and take place anywhere and atstydies of these kinds of work reveal new challenges for com-
almost any time. It is a big challenge to create computer pyter support for mobile use. For example, studies of out-
support for such work because it is fundamentally in contra- goor mobile work like ecologists observing giraffes’ behav-
ior in Kenya [14], of distributed telephone company work-
ers [17], and of wastewater treatment workers [5] have shown
that there is considerable challenges associated with design-
ing computer systems for mobile and collaborative computer
systems. This is partly due to the fact that often in mobile
situations, users do not only perform their work using the

The issue of ‘mobility’ is gradually attracting interest in the
field of CSCW, both with regard to field studies of mo-
bile collaboration as well as technologies supporting mobile
work. This paper reports from research done in a hospital
setting where mobility is fundamental to the way clinicians



computer; they do their work and then use the computer. Forln the rest of the paper, we introduce the background for our

example, wastewater staff or ecologists make observationsproject and our research methods. We summarize some of

manipulate knobs, cameras, etc., and—as a small part of theiour main findings from our field studies of hospital work

job—they also use computers. and from our workshops with hospital staff before we de-
scribe ouractivity-driven computing infrastructur@DCI).

At the same time there are considerable technological chal-Finally, we conclude with a description of our lessons learned

lenges to the design of mobile computer systems supportingso far and some of the future directions this research is

cooperative work. Computer systems supporting cooperativeplanned to take.

work normally rely heavily on reliable high-bandwidth local

area networks, extensive processing power, large displaySBACKGROUND — PERVASIVE HEALTHCARE

keyboards, and a reliable power supply. Few of these as-One of the main application areas for pervasive computing in
sumptions hold in a mobile environment. Furthermore, there the Center for Pervasive Computing (CfPC) [6] in Denmark
is a long list of new challenges to the software architecture js healthcare We have termed this research area “pervasive
of such systems, some of them arising as a result of the nevhealthcare” [15]. We find that healthcare can be significantly
hardware Challenges. Commercial prOdUCtS like SUN’s Jini improved by using pervasive Computing technoiogies to cre-

framework [11] or IBM's WebSphere Everyplace Suite [22] ate better patient treatment and to make better computer sup-
are designed to tackle some of these challenges, but theyort for the work done by clinicians.

do not explicitly look at the cooperative aspects of mobile
computer support. In the research literature there are a fewResearch Methods

suggestions for software architectures for mobile computing yithin CfPC we conduct research in an experimental and
system that can be broadly classified into two directions. In jidisciplinary manner with a strong participation of in-
one research direction, the focus is at supporting mobile work 4 ,strial partners. In the projects concerning hospital work

with mobile devices. For example Fagrell et al. [9] describe a 5 electronic patient records we have a project team consist-

glassic client-server architecture fqr mob_ile, handheld cIientsing of computer scientists with various backgrounds: CSCW,
like cellular phones and PDAs that is designed to support MO-HC|, software architecture, and distributed computing; an

bile knowledge management. The ConNexus is similarly & gthnographer; and clinicians from Aarhus county hospital,
system for providing awareness information for mobile users including physicians and nurses. The industrial partner is

using PDAs [20]. The other research direction 100ks at SUP- one of the main suppliers of electronic patient records to the
porting mobile workers by providing access to computational panish hospital sector.

devices where people are. For example the ‘Intelligent Hos-
pital’ is a location- and context-aware application that can We use this multitude of project participants as basis for an
locate and contact a person where she/he might be [13]. Thisexperimental system development effort with agreed upon
is used primarily for audio/video conferencing by forward- clinical, commercial, and scientific goals.
ing the conference call to the location of the receiver. The
conference call then follows the physician as she/he movesOur research methods include ethnographic observations of
around. Another example in this second group is the ‘Noti- clinical work and use of computer technology. In our cur-
fication Collage’ that is a real- time collaborative and pub- rent project, an ethnographer has been making participant
lic electronic bulletin board [10]. This can be used for pub- observations and interviews for months. The experimental
lishing notes, enabling communication, etc. and is typically systems development methods applied are scenarios-based
located in public spaces like in a meeting room. Such pub- design, future workshops, role-playing games, design work-
lic available displays enable people to work while moving shops and evaluation experiments. Progress is made work-
around. ing through central clinicathemes (i) administration of
medicine, (ii) prescription of medicine, (iii) clinical con-
This paper tries to look at mobile ad hoc collaboration at a ference situations, and (iv) self-administration of medicine.
hospital and presents a software architecture trying to sup-Each theme goes through an iterative process consisting of
port parts of mobile work. We are working in the line with three main workshops in which representatives for all part-
the second research direction described above by deployingiers participate:
publicly available computer “all over” the hospital. A fun-
damental challenge not addressed by the systems describer The Vision Workshojzreates visions for how to support
above is the preservation of users’ working context while clinical work within a specific theme.
they are moving around. For instance, it is problematic if a ® TheDesign Workshofests potential solutions through sce-
physician needs to login, find the patient, and navigate to the Nnarios, role-plays, paper and cardboard mock-ups and dis-
medicine schema, etc. every time she moves from one pub- cussions.
lic computer to another: as she is required to do this many® The Evaluation Workshopests one or more software-
times a day, a substantial amount of time is wasted simply on based prototypes based on experience from the design
recreating her working context over and over again. workshop.



Figure 3: The mobile, analogue patient record.

ment at a modern Danish hospital. As stated in the intro-
duction we have chosen to call it “pervasive collaboration”
because it is characterized by taking place at any place in-
side and outside the hospital and at almost any time. Clin-
icians walk around the hospital premises and work closely
Figure 1: Map of the hospital of Aarhus county. Im- together while moving. This section describes mobility in
portant buildings are: the main doctoral building (3), clinical work and some of the causes and consequences of

department B (1), the main treatment block (2), and mobility.
(4) the canteen.

Medical Work is Mobile and Nomadic

A fundamental characteristic of medical work in hospitals is
that clinicians seldom sit down. Clinicians of all kind are
constantly moving around within their “action-range”. The

Department B at Aarhus County Hospital
This paper takes as its starting point our field studies at de-

partment B at the Aarhus county hospital (see figure 1). De- action-range of nurses is typical the ward or the outpatient

partment B is a hematology department for blood related dis'clinic, and the action-range of the physicians and other doc-
eases, typically leukemia. The department consists of threetors is the hospital.

wards, an outpatient clinic, two laboratories, and a ward for

incoming patients. The department can have 46 hospitalizedConsider a typical day for a physician, for example. He
patients and treats approximately 11.000 patients a year inyould start by attending the morning conference at the de-
the outpatient clinic. The main part of department B occu- partment’s conference room located in the main doctoral
pies all four floors in building 1. The department employs building (building 3 in figure 1). This is the place for general
about 167 physicians, nurses, clinical assistances, laboratoryonferences on issues related to the department as a whole.
workers, etc. The ground plan for a typical ward is illustrated Then he would move across the parking lot and into the radi-

in figure 2. ology department in the basement of the main block (build-
ing 2), attending the radiology conference. Then he would
PERVASIVE COLLABORATION IN MODERN HOSPITALS walk the staircase to the ward (building 1) that he is respon-

In this section we will outline some of our findings concern- sible for and starts the ward round.

ing the collaborative work taking place in a medical depart-
The ward round is another fine example of mobility in medi-

cal work. Every morning a team of one physician and one or
oo [0 [ [ nffj i two nurses visits their patients at the ward. The ward rounds
Stal
5 7 9

Extra |[Red | Room ue it- . . . .
Room| Team ) Team OMcdg [cben typically start in the team room (see figure 2). While seated
the physician and the nurse(s) go through all the patients,

Room Room

read the paper-based medical patient records, and look over

|
j] — —_ - T — results from lab tests, etc. Afterwards, they take the records
=Ll | —Room [Room Room St [Fash pesd Room » IE— along together with other relevant materials (medical hand-
b Tow no|2 | s.z}A1 Room ftoom 1T 1 102 |‘m Bk B books, medicine schemas, and small medical instruments) on
L a trolley (see figure 3), and visit each of the patients at their
Figure 2: The ground plan of a typical ward at depart- bedside. Thus, the medical team moves around the wards
ment B. using the trolley to carry all the paper-based material.



Another central scenario of mobility on a ward is the nurse’s etc.—spends a considerable amount of time getting access to
task of giving medicine. When a patient has been pre-the patient record, which means finding and fetching it. As
scribed medicine, it is the duty of the nurse to ensure thatone might guess from the description above, another particu-
the medicine is given to the right patient at the right time, lar critical shared resource on a ward is the medicine schema.
is given in the proper way, and that the process is properly All the nurses involved in the medication of patients need to
documented. To do this she must first locate the medicineaccess the medicine schema and all physicians prescribing
schema in which the prescription is written. This schema and discussion medication need to use the medicine schema
can be almost anywhere at the ward because it is a shared reas well. To complicate things the medicine schemas for all
source among many clinicians. When the schema is locatedhe patients at the ward are collected in a single red binder.
the nurse takes it to the medicine room and starts preparingrhus everybody at the ward who needs to consult a medicine
the medicine. The medicine room in many sections actu- schema is forced to locate this red binder.

ally consists of several rooms, specialized for different types _ )
of medicine, like normal pills (the ‘Med Room’ in figure 2) Another good example of a shared material used for coordi-

and intravenous medicine (the ‘Flow Room’). When done nation purposes is different kind of whiteboards containing
preparing the medicine she walks to the patient's bedside andtatus overviews of some kind. For example, in the confer-
hands out the medicine (the different ‘Rooms’). If she carries €Nce room at the ward there is a whiteboard inside the door
the medicine schema with her she can documents the procesgontaining a list of all patients. This board is used as a list
right away. Otherwise she must make a note of it and later©f the tasks that are to be done during the day, as a status
locate the schema and document it then. This task is repeate@Verview, and as a message board (see also [1] and [23] of
for practically all patients four times a day. On a typical day the extensive use of whiteboards in hospitals). As whiteboard

the nurses would repeat this scenario about 40 times. contents are not distributed, people need to walk up to them
in order to view and use them. Persons are also shared criti-

A third central mobility scenario concerns the physician on cal resources—the patient as the core example. Clinical staff
duty. The physician on duty is often responsible for a whole visits a hospitalized patient at his bedside and hence need to
department, including the outpatient clinic and various wards walk up to him. Similarly, clinicians need to go and visit
that are scattered around the hospital area. Hence, when he isther clinicians like the radiologist.

called he must move around to patients and fellow colleagues

to consult them. Sometimes the physician on duty is at homeMedical Work is Ad Hoc and is Often Interrupted

and has to drive to the hospital in order to see a patient. The collaborative work among clinicians is most of the time
done in an ad hoc manner. There are a few scheduled medical
Cooperation and Specialization in Medical Work conferences: the morning- and the radiology conference; but

This need for mobility is partly caused by the way a mod- the most predominant way of working is to establish ad hoc
ern hospital is organized. Medical work within a hospital collaboration as the situations call for it. A typical situation
is highly cooperative as the treatment of a patient involves is a patient calling the nurse because of pains, who then calls
various clinicians in departments distributed throughout the the physician on duty in order to have the physician prescribe
hospital or even at other hospitals [1]. This is caused by some painkillers.

the high degree of specialization within clinical work [21]. . . o

Therefore, clinical work relies heavily on communication be- An unavoidable side effect of the distributed and close col-
tween colleagues. Telephones, both mobile and stationarylaboration among clinicians is that they often interrupt each
and pagers are widely used to support communication, putother. In order for a clinician to establish a collaboration
they are clearly not always sufficient, as decisions often can-Of communication he must often interrupt the other person
not be made without consulting the patient, viewing X-rays, In whatever she or he is doing. In the example above, the
or similar. Hence, clinicians need to move around to get in NUrSe interrupts the physician who needs to suspend what he
touch with each other and to visit the different departments Was doing when the phone rang, and start a dialog with the

they are cooperating with. nurse about the patient and his condition. Often such a sit-
uation would require the physician to actually go and visit
Sharing of Resources and Material the patient, distracting him even more from his original work

A fundamental way of coordinating the cooperative treat- activity.

ment of patients is by sharing material—most notable doc-

uments like records, charts, and medicine schemas, but als§\"0ther central example of interruption happens among
other shared resources, like medicine, the patient or a senioPUrses working in the medicine room. They frequently co-
physician. Thus, clinicians need to move around to get ac-OPerate by asking each other question and by handing over

cess to shared resources. Bellotti and Bly [4] also observedn® red binder with medicine schemas. Hence, there is a
mobility caused by shared resources. . high degr_e_e of interruptions, but this is consw_iered fr_wtf_ul

because it is a central part of a close cooperation. This kind
A critical shared document in medical treatment is the patient of micro-mobility was also noted and described by Heath and
record. All hospital staff—nurses, physicians, secretaries, Luff [12].



SUPPORTING PERVASIVE COLLABORATION applications are running on a central server and manipulated
Computer systems designed to support cooperation in a hosthrough thin clients, the SunRays. A user gets access to
pital setting are typically build around the classilient- his/her applications by inserting a smart card into the Sun-
server architecturg3]. This architecture has proved to be ray’s smart card reader. Thus the smart card both authenti-
a robust way of building distributed computer systems sup- cates the user to the system (login) as well as reestablishes
porting distributed collaboration centered around a set of datahis/her session of open applications instantly, right down to
objects that represent the objects central in the domain: pathe position of the mouse cursor. However, only one session
tient, medicine, disease, etc. The characteristics of this archi-€xists per user at any time.

tectural style is that the server is the component responsible

of persistence, of modification and concurrent access of data,::oé\i’e:i/e;’ 8 utrwmal: tFr)10Inktirl13 thfrt]ﬂ:ﬁrzi's a;ugdarrilnetntrarll c?nd-
and of distributing data to clients. adiction between the o nomadic, ad hoc, interrupte

collaboration taking place in a work setting like the hospital
In an electronic patient record (EPR) system, for example, and the classic and prevalent client-server architecture, made
objects model patients, deceases, staff, medicine, clinical ob10 support office workers having personal workstations and a
servations, the patient record, etc. The strength of the client-desk. And we therefore need to consider, and design for, this
server model is the distribution and thereby sharing of criti- contradiction.

cal data necessary for doing a job. For example, a phyS'C'ahEESIGN GOALS

ased on the above discussion we argue that the classic in-

ing around to find the medical record and/or the red binder. terpretation of the client-server architecture, where the server

. L : handles domain objects but not the processes that modi-
However, in a classic client-server EPR, walking up to a com-

- : . . fies them, contradicts the way clinicians work at a hospital.
puter to consult the medicine schema for a certain patient, is Y b

still tedious: the nurse must provide user name and password*reer;rfii’e_our design has been guided by the following basic
to login (potentially in several applications) and then navi- P '
gate the user interface to fetch data for the right patient, the . ,
right type of data like medicine schema, and right day and Pervasive collaboration can only be supported by a com-
time. The login and navigational effort is required because Puting infrastructure if and only if both the data and
the data inherent the user interaction is not part of the data e Work processes of handling data are available per-
stored on the server and must therefore be reestablished man- VaSively.
ually every time the nurse accesses a computer. It is left as o
the client's responsibility to maintain state information about We denote these work processes “activities”, hence the name
the interaction with the user, and to enable the manipulationof the proposed computing infrastructurectivity driven
of data objects on the server through different user sessiongomputing infrastructure
re_S|d|ng p_urely on_the client. When the client Session Is te_r- Based on our field studies and our workshops with the clin-
minated, information about this user interaction session is. . . ;

. I icians we have elaborated on this premise to formulate the
seldom made persistent or distributed. . . o

following design goals for a computing infrastructure that

The problem is that the “work” and the “activities” that are Supports clinical work. The goals can be seen as different
carried out arenot equivalent to just the objects of the do- aspects of the basic premise stated above: to support the clin-
main. For instance the EPR knows about a given patientiCians’ work processes anywhere and anytime.

and about his/her associated medicine, but the EPR does no,&ctivity-Driven

know about a nurse’s activities like “to pour medicine” or “to
given and document medicine”.

can access records, medicine information etc. on a patien
from any computer thereby avoid the annoying job of walk-

The physical healthcare activity is what we want to support
and we do that by mirroring it in a computational activity
This classic interpretation of the client-server architecture that becomes the computational “granule” offered by the in-
has evolved in a typical office environment where users havefrastructure. For instance the clinical activity of “pouring
personal computers and desks. In this setting, there is little™edicine for patient Mr. Hanson” is supported directly by an
need for distribution of the client-side user interaction ses- duivalent computational activity that embody patient data,
sion as there is typically one machine - one man. In a hospi-medicine data, time of day, the identity of the tray that con-
tal, however, this is not the case. As described above, clini-f&ins the medicine, the identity of the nurse, how the nurse
cians work while walking around, they are constantly inter- Nas arranged the medicine plan windows in the EPR system,

rupted and they need to hand over tasks and share them wit§{C: Atany time a clinician may suspend an on-going compu-
other colleagues. tational activity to start a new one or resume one from his/her

personal list of pending activities. Activities can be planned
Of course, things can be made smarter and some technoloahead to be initiated at a later time, they can be handed over
gies exist, like SunRays [19], to help overcome some of theto another person, or they can be shared to enable collabora-
problems described above. In the SunRay system, a user’sion.



Public Computers tivities for all persons in the computers vicinity but in a way
We are using the termublic computerdo denote the kind  that does not disturb in case a person is already using the
of computing devices that we envision must pervade the hos-computer. Our present proposal, agtivity-bar, is shown in
pital. Devices range from handheld devices over laptop- andfigure 5 and will be discussed below.

desktop computers to wall-sized computer screens. Devices

are connected in a reliable high bandwidth network includ- AN A_CT'\/'T,Y'DR'VEN 'NFRASTRU,CTURE, o

ing Wireless LAN (IEEE 804.11b). Devices are public in the !N this section we sketch our activity-driven computing in-
sense that any person, even patients and their relatives, malfastructure. A more detailed account is provided else-
use any device not already in use. where [8, 2].

A logical view diagram of the ADCl is illustrated in figure 4.

Location- and Context Awareness ) .
The infrastructure consists of four, loosely coupled, subsys-

People and selected things wear sensors that pinpoint thei
location. This allows the infrastructure to make a person’s ‘€MS:

work activities available at any public computer that is in his | j-4tion- and Context Awareness Subsystem

vicinity. Persons and things are also associated with contex-o,r ADCI is based on its ability to track the location of peo-
tual information besides Iocation_. For instanc_e_, the infras- ple and things. People and selected things must wear iden-
tructure keeps track of the location of a medicine tray but i sensors or tags that can be identified by tracking sensors

also the identity of the patient the tray is associated with, deployed at important locations: the medicine cupboard, at
what kind of medicine it contains, and whether the medicine bedsides. in the team room. etc.

has been given to the patient.

The responsibility of this subsystem is to retrieve location
Supporting Mobility and Nomadic Work information and manage context information for other sub-
The user must be able to re-establish his/her work activitiessystems_ Location information is fed into the subsystem by
including their corresponding user-interaction sessions any-tracking monitors like RFID (radio frequency identity) tag-
where and at any devices. Hence, a user can move seamlessl%annersy WLAN monitors, etc. Thus the location server
between different devices scattered around the hospital anghroyides location data in a technology independent fashion.
the user’s activities just *follow” along. Still, the abstraction level of events is low in the location
server—typically in terms of hardware IDs. The context
server serves two purposes. It adds semantics to the low level
events of the location server based on context data; for in-
stance the context database describes what RF tag any given
person wears and the room RF tag scanners are located in.
The context server can therefore map an event about a tag
Thereby it is easy to take turns in using a device: a devicescanned at a scanner into an event about a person moving
may serve one user’s activity, be momentarily handed overto a new location. Secondly, the context server also draws
for use by another person where after the first person canon other sources of contextual information, notably the EPR
resume his/her activity seamlessly. server. The subsystem both serves as a database of context
information to query by other subsystems as well as actively
notifies the activity management subsystem about events in
the environment like e.g. persons moving.

Supporting Interruptions

The infrastructure must support that any user’s activity can
be interrupted at any time. When interrupted, an activity is
simply suspended until itis resumed later, keeping all its state
intact.

Supporting Collaboration

The distributed ad hoc collaboration among clinicians is to

be supported in several ways. First througtaring activ-

ities: several people must be able to participate in a singleActivity Management Subsystem

activity. Second through encouraging-located collabora-  Central to our proposal is the activity concept. In kieCl

tion by making it easy to have several people use the sameactivity objects mirror actual work activities in health care

computer at the same time by alternating between their ac-that involve access to computational objects, like patient

tivities. Third to allow people teendactivities to each other  records, medicine handbook, work plans, etc. Computational

and support that two users look at the same thing even thouglactivities embody references to viewed objects in the EPR-

they are distributed in time and/or space. and other medical computer systems, as well the state of the
user session: graphical user interface appearance, input focus

Non-intrusive User Interface state, etc.

Activities follow the person owing them and is available on

request. The “on request” aspect is important and taken veryActivities are basically eithelesumedr paused When re-
seriously in our project—this became evident at one of the sumed, the user is actively engaged in the activity—like for
workshops where we proposed simple automatic executioninstance nurse Berg pouring medicine for patient Mr. Han-
of activities which caused many objections. Thus, we have son. In this situation the activity object will embody showing
designed a small user interface from which the user can acti-the medicine schema for Mr. Hanson and potentially other
vate his/her activities. The user interface gives access to acrelevant information. When paused the activity is simply
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Figure 4: Logical view of architecture.
stored in the activity store for later resuming. their paused state they always reside in the activity store.

Thus, when a clinician approaches a computer, the activity
The responsibility of the activity management subsystem is manager only forwards ‘handles’ to his/her activities. Once
to store and manage activities, forward them to activity bars an activity is selected for resuming, the activity is moved to
on relevant public computers, and present them in a non-the client application. This ensures that once an activity has
intrusive way to end users. It draws upon context data in been resumed it can be continued on the client even though
order to determine which public computers any given activ- the connection to the activity manager is lost.
ity should be forwarded to. Thus if nurse Berg moves to
the bed of Mr. Hanson our activity management subsystemactivity Discovery Subsystem

will fprward all Berg’s_ gctivities, including the activity con- 1o responsibility of this subsystem is to proactively infer
cerning Hanson medicine schema, to the bed computer. Thiyey activities going on in the environment based on con-
activity manager and the activity store run on a server com-

puter while the activity bar applications run on the individual

public computers. EEEERCIEEE] | [ EEEERDEEE =

8| £ oruanisationsoversigt [ organisationsoversigt - & [ E
Our current proposal for a non-intrusive user interface on e g e esgetise [ |
which to present activities is an activity bar as shown in fig- o N
ure 5. The figure shows two snapshots. In the left pane a) Q % e ey o
the activity bar shows the presence of three clinicians in the |&= anprrene ||

lgangvzerende »

RS

Stuegansaktivitet
=== Ambulatorieaktivitet
[ patientaver:

vicinity of this computer. In the right pane b) clinician JSK
has touched his image icon to bring up a menu of new and |IEBf=vaenoersit
paused activities. a)

In our present design, activities are value objects that are for-  Figure 5: Present activity bar proposal showing icons
warded to the client applications once they are resumed. In  for three clinicians in the vicinity.



text information and heuristics on recurring work processes ever it enters the scanners detection area (about 0.5 meters)
in healthcare. Plainly speaking, it tries to guess what is goingand also whenever it leaves the detection area again. Public
on and present the guesses to the clinicians. As an exampleomputers are simulated by a number of laptop computers
if a nurse places a medicine tray next to the bed of the patientand a Smartboard connected in a LAN.

that the tray is assigned for, then in all likelihood she is about

to give medicine to the patient and document it. The activ- | essons Learned

ity discovery subsystem infers this and autonomously createsyne major problem our research group faced was that
an activity reflecting this event embodying the proper data presently the clinicians are using paper based medical

for patient identity, nurse identity, feasible_ view of mediging records, as the EPR system has not been fielded yet. The
plan, etc. Thg nurse can access thesg “dlscovgred” aCt'V't'e%rime advantage of théDCI compared to a document-
from the actmty-par and save t'me',lt IS an optional s.u.bsys— centered, client-server based, EPR system based on desktop
tem that can be disabled. It is described in more detail in [7]. computers is exactly that the work processes are very similar
to their present processes. Thus the almost impossible chal-

Client Applications - _
This subsystem covers third-party healthcare applications. InIenge was to assess the fe_a§|blllty of B Cl co_mpared. to
a EPR system that the clinicians had no experience with.

our project we have focused upon the EPR system wheré
EPR clients may be run on the public computers. Client ap-
plications are responsible for storing on-going activities in Easy and fast EPR access. The ADCI’s activity forward-

the activity management subsystem, either when the user exINd that enables fast EPR access just by approaching a com-
plicitly requests it to do so, or simply when the user leaves Puter was highly appreciated. The project team has calcu-

the public computer. lated that a nurse or a doctor will typically have to access
EPR at least 20-30 times a day in many different places in
EVALUATION AND EXPERIMENTS the hospital thus manual authentication will be very time-

As described in the section on research methods we iterateonsuming.

between three kinds of workshops for each of the four themes

in our project. The infrastructure described above is a resultmopility. In our evaluation workshops we showed how ac-
of iterations over theme one and theme two. At the time of tivities “follow the clinicians” to any public computer in their
writing we have conducted six workshops. The typical par- vicinity. The clinicians liked this idea and found it quite sim-
ticipants at the workshops are five clinicians (three doctorsilar to their present, paper based, practice whose main benefit
and two nurses), the development team (approximately fouris indeed mobility. However, it of course offered the advan-
computer scientists), and an ethnographer responsible for theage that there was no need to run around in search for the red
fieldwork in the hospital during our project. binder to get access to medicine plans: any public computer

Our present prototype does not support all design goals Iisted3 rovided instant access.
earlier. Our main focus has been on the feasibility of the
activity concept and on supporting context-awareness, mo-
bility, and interruptions. Currently, the prototype does not
support collaboration in the sense of sharing and sending ac
tivities. Based on our design discussions with clinicians we
do not, however, plan to support synchronous collaboration
of the 'shared desktop’ kind of style. The need for collabora-
tion as expressed by the clinicians is to make it easy to shift
between different work activities, where you work together
with different people. Hence, the infrastructure should sup-
port the work of the individual, but in a way that you can
collaborate with others simultaneously.

Interruptions. During the workshop we played out several
‘interruption’ scenarios, where users where interrupted by
other users, the telephone or just needed to do something
else. The ability to hand over the public computer to an-
other person and just resuming ones work later (sometimes
another place) was clearly appreciated. In the scenario where
the users are interrupted by themselves (or by the telephone)
it was not always obvious how one would create a hew activ-
ity for the interruption, in order to be able to return to the old
one later. Instead of create a new activity when interrupted,
the user would continue in the same activity. Hence, the user
had no way of restoring the 'old’ activity and get back to
Prototype Specifications where things were when he was interrupted.

For the evaluation workshops we have developed a proto-

type implementation of thADCI. The prototype is mainly  Activity bar. The idea of having an activity bar was judged
written in Java Standard Edition 1.3. Our prototype location- to be essential and a good way of providing assistance with-
monitoring set-up consists of ICode tag-scanners and pasout imposing things on the users that may not be relevant
sive radio frequency identity tags (RFID-tags). These tagsin their current use context. It also became clear, however,
are cheap, weigh a few grams, are paper thin, and are eagthat our present activity bar proposal poses a severe security
ily glued onto a medicine tray or worn on a clinician’s coat. problem as it is easy for one clinician to get access to another
Each RFID-tag has its own unique 64-bit identity. tég clinician’s activities as he/she walks by as they appear on the
scanneris able to detect the 64-bit identity of a tag when- activity bar immediately.



DISCUSSION cus from one on-going activity to a new one? Must the user
The evaluation workshops have given us confidence that ourindicate this explicitly; or can the infrastructure infer this
ideas, centered on supporting activities pervasively on publicfrom context-changes in the usage behavior like e.g. change
computers, are a step in the right direction. of applications or moving to “unrelated” data? While the lat-
ter may enhance usability it also comes with the danger of

Our proposal is deeply grounded in observations of cur- many false guesses that actually lower usability and may be-
rent work practices and processes on medical hospital de+ome a nuisance.

partments. The present paper-based medical record practice

has obvious advantages compared to traditional client-serveA difficult topic that we have not dealt with is how to migrate
based EPR system when it comes to usability and mobility. an activity’s embedded user interface state between devices
Traditional EPR systems have their advantage in the distribu-with greatly varying screen characteristics. It is an obvious
tion of data and hence easy data access. In our opinion, oupoint for a separate research initiative that can draw upon
proposal tries to combine the best of both worlds. existing work, like e.g. the iCrafter framework [16].

Our ADCI is build upon the premise to understand what ac- CONCLUSION

tivities are, and aid in managing, storing, and distributing ac- In this paper we have presented some characteristics of col-
tivities for the benefit of mobility, usability and easy data laboration in clinical work in a modern Danish hospital.
access for the clinicians. Furthermore, the set of pending ac-Based on these insights we presented our design of a com-
tivities serves as kind of a “to do” list for the clinicians. puting infrastructure, which we argued would support clini-

o o _ cal work. During our evaluation workshops we were encour-
By giving clinicians easy and fast access to their personal aged in this perception.

list of pending activities on any public computer we achieve

the mobility and nomadic qualityAs soon as any clinician ~ Our studies of clinical work in a hospital made us describe it
is in the vicinity of a computer, his/her icon appears which as ‘pervasive collaboration’, i.e. as cooperative work taking
provides access to the activity list. This way cumbersome au-place at any time and any place—within the hospital and out-
thentication sequences and user interface navigation to fetcigide of it. The work is highly mobile and nomadic because of
the right patient’s data, moving windows to get a proper view, the specialized nature of modern medical work and because

etc. is avoided. of the need to get access to shared material. This collabora-
tion often takes place in an ad hoc manner, which leads to
The interruption supportquality is achieved as thADCI frequent interruptions of people.

supports interrupting any activity at any time and later resum- _ ' _ _
ing it in the exact same state as when left. The infrastructure There are substantial design challenges associated with de-
supports having several activities pending for later activation Signing computer systems for such an environment and up

and therefore aids the clinicians to remember unfinished ac-till now there is no record of successful clinical applications,
tivities during long interruptions. in Denmark at least. We have argued that the prevalent way

that information systems are created, based on a client-server
Of course, a lot of important issues remain open at this earlymodel, actually contradicts the way work is achieved in such
stage of our project. Some have already been touched upona hospital setting.
Securityin data- and activity access is important and our o
present proposal relying only on nearness to public comput-Based on the two insights above we have suggested the
ers is obviously too naive: a nurse using a public COmputeract|V|ty—dr|ven computing infrastructuras a brick in the

may gain higher security level data access if a doctor passe®UZZ!€ of supporting such heterogeneous work practices. The
by and he/she pushes the doctor’s icon. basic ideas is to have user sessions in ternat¥itiesthat

moves along with the user and enables him/her to resume
Another point that needs clarification is the exaeman-  work on any public available workstation. This simple de-
tics of an activity presently we use a inheritance hierarchy sign seems to capture many of the requirements for support-
for activities that couple a given activity closely to a cer- ing ‘pervasive collaboration’ in a hospital environment.
tain work situation, like an activity modeling “pouring of . i o . .
medicine” that embody patient data, tray identity, medicine The activity-driven computing mfrasFructur(.a is st|I! wo'rk in
schema view state, etc. This activity is next followed by the Progress and currently we are looking at improving it, ad-
activity of giving the medicine to the patient and document- dress_|_ng some of the issues discussed above, I|k_e secunty and
ing the fact. Thus, the original activity is the obvious ‘tem- Usability. We would however argue that our design and im-
plate’ for the following activity as it is almost the same data P'eémentation of théADCI seems to be applicable for other
and views that are needed. This leads to the conclusion thaf®MPuter systems besides clinical ones. The basic premises

a more flexible and dynamic way of classifying activities is for the computing infrastructure, having work characterized
necessary. as highly cooperative, ad hoc, mobile and nomadic, and as-

sociated with a high degree of unprioritized interruptions, is
Another aspect is how to determine when a user changes foa description that also fits other kind of real world work-
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