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ABSTRACT

In this paper, we describe GeoHealth - a geographitormation
system prototype for home healthcare workers whandua
normal workday have to attend clients and patightt are
physically distributed over a large geographicebainformed by
field studies of work activities and interviews lithe healthcare
workers, we have designed an interactive locatiased service
for supporting distributed mobile collaboration. eTlprototype
explores a representational approach to contextemgas and
represents live contextual information about ckgmatients, co-
workers, current and scheduled work activities, edrms
adapted to the users’ location. The prototype apptin is web-
based and uses Google Maps, GPS positioning, andl 2\@
technology to provide a lightweight dynamic andemattive
representation of the work domain supporting distied
collaboration, communication, and peripheral awassnamong
nomadic workers.

Categories and Subject Descriptors
H5.2. [Information interfaces and presentation (e.g., HCI):
User Interfaces User-centred design, Graphical user interfaces.

General Terms
Design, Human Factors.

Keywords

Location-Based Services, Google Maps, home heatthca

1. INTRODUCTION

Recent developments in web-based technologies andcss,
availability of GPS positioning on mobile and pdita devices,
and widespread access to broadband mobile Inttaeenabled
the creation of a whole new class of applicaticorsdut-of-the-
office use. Combining positioning capabilities witte powers of
“Web 2.0” technologies for user-generated contepgn API's
for geographical interfaces such as Google Mapd, aabile or
portable devices with full-blooded web browsers andture
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graphical interfaces, now makes it easier than avémplement
location-based services and applications for usersthe move
that take into consideration their location and swgrounding
environment. Rather than relying on proprietaryhtedogies
owned by network and service providers, and dewetpplosed
stand-alone applications that require cumbersomstliation and
setup of dedicated software on peoples’ deviceweh-based
application approach to location-based services ngpep
potentials for user-driven innovation and for cigtso-called
“mashups” and “meshups” merging, for example, confeom
multiple independent data sources into novel sesviwith user
experiences that exceed that of the sum of thelivitual parts.
These services and applications will have the déiyato unleash
some of the still hugely under-exploited potentiaisthe mobile
Internet, for work as well as for leisure.

Motivated by these new technological possibilities, have been
exploring the development and use of location-basedices that
“augment the city” with electronic perspectives o, example,

people, places and physical surroundings delivettedbugh

mobile or portable device web browsers. These ‘ecfyes”

consist of meshups of sensed and user-generatedmation

about peoples’ physical surroundings that wouldentlise be
invisible, and explore an emerging line of thougfthin context-

awareness where context sensing is used for gemgrand

representing new information as an alternative &king systems
automatically react to specific settings.

As a specific case for this research, we have atudiork
activities in regional healthcare where a group pbfysically
distributed nurses and healthcare assistants ltaveake house
calls to clients and patients living within a largeographical
area. Supporting the nomadic collaborative workiviigs of

these home healthcare workers, we have developeebebased
prototype location-based service, which represkrescontextual
information about clients/patients, co-workers, reat and
scheduled work activities, and alarms in a map-basterface
running in a conventional web-browser on a laptofablet PC.

The paper is structured as follows. Firstly, waeenrelated work
within context-awareness and location-based se\aoe position
our research in relation to state-of-the art. Sdfygrnwe introduce
our case of home healthcare workers, and descfie&dastudy of
the collaborative work activities of this nomadiseu group.
Thirdly, we present our prototype system, GeoHealttd how it
was implemented. Fourthly, we describe a user-basatliation
of the prototype and present and discuss highliigisting from

this study. Finally, we conclude on our researcti paint out a
number of avenues for future work and work in pesgt



2. RELATED WORK

In this section we outline related work within tbemplementary
areas of context-awareness and location-basedesrvi

2.1 Representational context awareness

There has been a lot of research on context-awsseinerecent
years. Much of this has enabled computers to dolbrd
formalize information about contextual factors d#ésng, for
example, the geographical, environmental, biomatrand social
setting and stage of a user. In parallel, thisihggired the use of
machine intelligence to make mobile systems transfo
themselves accordingly and minimize need for ekplicser
interaction. Experiences with developing and usingh systems
are many, and context-awareness has proven possitién
specialized domains such as healthcare, indugtdaless control,
and tourism (e.g. Skov and Hgegh 2006; Bardram ;2084verst
et al. 2000). However, research has also identifraeny
fundamental problems with this approach to humanpder
interaction. Even simple adaptations to contexthsas the
mobile phone that knows when not to ring, are emélg complex
to implement, and any context-aware technologyastriikely to
make mistakes and take control away from the WBmywn and
Randell 2004; Barkhuus and Dey 2003). In contiiastas been
stressed that while computational systems are gaaghthering
and aggregating data, humans are good at notiamegrating
and interpreting obvious as well as subtle cues detdrmining
appropriate actions (e.g. Kjeldskov and Paay 20B6jesponse,
some researchers have advocated that another wagatowith
complex and ambiguous context information is tavabt involve

the user (Dey and Mankoff 2005) and make humang, no

machines, the consumers of context informationdpyesenting it
in the interface rather than automatically adaptmgt (Edwards
2005; Aaltonen and Lehikoinen 2005). As a fictivample, a
representational context-aware service for sodmiin the city
would display collected context-information abouttities,

people and places but leave interpretation andsideeimaking on
the basis of this information to the user ratheanthto the
computer. Real examples of systems
representational approach are still very few busoalery
promising. As examples, Paulos and Goodman’s jatdeky

prototype (2004) use detected patterns of nearhyetBbth

devices over time for visualizing “familiar stramg&in the users’
vicinity, and Erickson et al.’'s Babble prototyped(2) visualize
“social proxies” based on the presence and a&tvitf nearby
people. In a more recent study, Lemmeld and Korhd2607)

use geographical context information, gathered frealient
keywords within public “geo-postings”, to visualigghysical

clusters of similar places on a digital map, sushaeeas with a
high occurrence of the key word “restaurant”, gking”, “art” or

museum”. Common for these systems is that theycargext-

aware but use their awareness to generate newrmafmm rather
than trying to reduce it. It is also common thaeythhave a
particular element dbcation awareness.

2.2 Location-based services

One of the most promising aspects of user contaxa imobile or
portable computer system to respond ttogtion (e.g. Jones et
al. 2004; Kaasinen 2003). As a specific subsetooftext-aware
systems, location-based services represent an emectass of
computer systems providing mobile device users inifirmation
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adopting  this

and functionality that is particular relevant at specific

geographical location or within a specific distan@éthin recent
years, this class of mobile or portable computestesys have
received increasing attention from researchersinvigheas such
as computer science, human-computer interactiah jrgeraction

design, as well as from software industry. Howeesgmples of
commercially available location-based servicessditevery few.

Most are restricted to SMS-based services broaddaest
subscribing mobile phone users in particular arbas,recently
some services that integrate wide-area broadbaredess Internet
access, web resources and geographical informator begun
to emerge for PDAs and “smart phones” with GPS atiter

positioning capabilities.

Yet developing successful location-based servisewot trivial. It
inherits challenges of context-awareness descrilired the
literature, such as issues of user control, privacg determining
people’s location in physical space, as well asothicing new
ones. Given the novelty of location-based servicasd of
representational context-aware systems, little m®wn about
people’s use of such of services, how to desigmthell, and
what is (and isn't) useful. It is unknown how uspesceive and
use information provided through a location-basexise, what
content is considered relevant (and what is nat), lBow people
will adopt and appropriate information servicest tfgct to their
location and combine, for example, web contenglkta imaging,
and cartography. Hence, more research is needed the
development and use of location-based servicesditferent
purposes within various domains. Through the cagelys
presented below, we aim to make a contributiohi®drea.

3. FIELD STUDY: HOME HEALTHCARE
Home healthcare is a subset within the healthcaneath where
patients and clients are treated or attended th&im own homes
rather than at a hospital or a clinic. Home healtbaursing and
assistance is mostly used for aiding elderly peapigeople with
disabilities, who with this nursing or assistance then capable
of taking care of themselves in their everydaydivéis also often
used as a means of follow-up treatment subseqoeperiods of
hospitalisation. Making house calls to clients apdtients
obviously requires nurses and healthcare assistarite mobile
within a specific geographical area “nomadicallybvwing their
location of work from place to place throughout ttey. It also
requires them to be physically distributed fromitlo®-workers,
while still collaborating on shared tasks coordatatthrough
division of labour, shared plans, and ongoing comigation.

With the purpose of exploring the design of a lmabased
service for nomadic healthcare workers, we condlcén
empirical field study of work activities in the migipality of Aars
in Denmark. The study was done using a rapid ettapdry
approach (Millen 2000) involving a combination diservations
of current practice, contextual interviews, and isstnuctured
interviews. The study involved 10 healthcare aasist and 11
nurses with different levels of experience with therk domain,
and resulted in 17.5 hours of audio data accompanith field
notes and digital photographs. Findings from thedygtwere
verified through subsequent meetings with the staff

The focus of the study was to enquire into the attaristics of
the distributed work activities and the collabavatibetween the
healthcare workers. For example, we were intereistdchowing



who needs what information when and where, howsiini of

labour is negotiated, assigned, represented, amaged, how an
individual workday is structured (and restructuredat happens
in case of events out of the ordinary, what infaforais kept as a
permanent record for later use, what communicatioes on
between the distributed workers throughout the deig.

Furthermore, we wanted to identify potentials fapgorting work

activities, collaboration, and communication by meaof a

location-based service representing key contextieth in a
geographical interface.

Data from the field study was analysed through acess of
grounded coding and affinity diagramming of highearel themes.
On the basis of the field data, we also created fiifferent
personas describing key characteristics of prosmeasers, their
work activities, goals and habits with the purpo$eserving as
hypothetical archetype users for the design teamallly, we
created a number of physical models (Beyer andzHitt 1998)
of the workspaces of nurses and healthcare agsistearstrating
how they operate during a typical workday arounce th
municipality.

3.1 Findings from field study

In the observed municipality, home healthcare inesltwo types
of healthcare workers: nurses and healthcare astist The
nurses have overall responsibility for the treatmehpatients,
and are also the ones who administer medicine tierga at their
homes. The healthcare assistants are responsibléhdodaily
treatment of clients and patients, and also serse“daily
observers” reporting back to the nurses in casdoofexample,
side effects to ongoing medication Currently, th&rses and
healthcare assistants use a series of informatiefaats (paper-
based) and communication technologies (mobile ardlline
phones) for carrying out their work and for coosating and
communicating with each other.

The healthcare assistants have a rather pre-planodday. They
each have a specific schedule for visiting assigdeshts and
patients at particular times and in a particulateor The division
of work assignments happens in central meetingg, ibu
sometimes also altered temporarily by the health@mssistants
during a day if something out of the ordinary comas.

Supplementing the day schedule, they carry spetzifik lists for
the care taking of each client or patient includifay example,
shopping lists for groceries. In addition to thisy carry a paper
notebook used to jot down needs for changes tcséngces or
schedule, which are then entered in to the permtaeeord at the
central office by a manager after the shift. Finathe healthcare
assistants carry sheets of paper for documentitepge, which is
used for compensating the use of private cars fok\wurposes.

The nurses’ workdays are more ad-hoc than the Huzalt
assistants’. Rather than a pre-planned scheduleisig, each
nurse carries reference sheets for all his or $&gaed patients in
the district. These sheets contain personal infoiama phone
numbers for the general doctor or practitioner,raesv of health
conditions, remarks on treatment and things to hare of,
diagnosis, phone numbers for relatives, lists abimg tasks, and
practical information such as the location of tkey khe patients’
homes. They also indicate what times the patiemtsusually
visited by nurses or healthcare assistants dutingneek. Every
morning the nurses look through their referenceeshepick out
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the patients they are supposed to visit that dagl, teansfer this
information to the corresponding page in their cdbr. However,
rather than making a precise timed schedule fodthe the day-
view functions more as a loosely scheduled to-dbvith a few

notes. In addition to their reference sheets ardndars, the
nurses carry paper notebooks in which they regtdtanges to the
treatment and/or medication of patients, which tthen enter in
to the permanent record later at the central aoffféeally, the

nurses also register private car mileage for corsgism.

In order to facilitate collaboration between indival healthcare
workers, the healthcare assistants and nurses shaeries of
paper-based records located either at the indiVidliants or

patiens or at the central office. These recordstfan partly as
repositories of information on treatment for docutagon

purposes, and partly as media for asynchronous cmrication

between workers and between shifts. Firstly, ediehtcor patient
have an individual paper-based “book” located atdriher home
containing observations on, treatment, notes onicagdn, etc.

used for general “all-to-all” information and commication

between healthcare workers, the client or patiemd their
relatives. In addition to these client-/patient-k®o medicated
patients have a paper-based medical prescriptioatdd with

their medicine for the week, which is used by thesas to
administer correct medication, and to communicétenges to a
patient's dosages. Secondly, the healthcare assiatal nurses
collaborate and communicate through paper-basestdgdn the
so-called “district folder” located at their centmaffice. These
records complement the individual client-/patientks with

more detailed information that is not suitable faiblic view but

relevant for care taking and treatment. Obviouslignt-/patient-
books and the district folder contain redundantrimfation, and
the healthcare workers cannot be sure which omaoist up to
date. Thirdly, the nurses collaborate with eacheptland with
nurses and doctors outside the home healthcarainagian (e.g.
at nearby hospitals or clinics) through their dgrand patients’
official medical records. These are currently ledaphysically at
the central office, but are increasingly in eleotcoform and

accessible from all over the country.

In addition to coordinating their collaborative @t through
shared written notes and records, the nurses amdthbare
assistants also make extensive use of direct synohs
communication. When distributed throughout the roimaility,
this is primarily done through mobile and landlipeones. All
nurses are equipped with mobile phones, making
immediately reachable in case of an emergency tiituaThe

healthcare assistants do not have mobile phonesobununicate
by means of their clients’ and patients’ landlif®pes, and thus
have to estimate the whereabouts of each othereéefaking

calls. The nurses and healthcare assistants mag&e Kinds of
synchronous communication. Firstly, they inform veorkers

(healthcare assistants, nurses, physiotherapastgols, staff at
the central kitchen, etc.) about progress (or d@lay their work

schedule, which may influence the work of othetsisTcould be,

for example, when a healthcare assistant has édigiathing a
client, who is then ready for the nurse. It coulgoabe in the
event that a patient is suddenly hospitalised dng does not
need food delivery or assistance at home. Secotidhhealthcare
assistants sometimes call each other to negotiat®a temporary
reassignments of work tasks in the case of songthappening
out of the ordinary. Thirdly, and perhaps most intgoatly, the

them



healthcare workers communicate orally in emergesittyations,
which are usually triggered by patient alarms. Whealient or
patient triggers their alarm button (situated cahtrin their

home), the alarm is directed to a dedicated “enmegehone”,
which is carried one of the healthcare assistdrtis person then
has responsibility for responding to the alarm, &orddelegating
dispatch to the closest healthcare worker. Thoize by making
a series of phone calls from the closest landliingt; to the place
of the alarm in order to assess the situation, @ to the
colleagues who is believed to be closest o thenttfiatient in

need. Eventually, a worker is dispatched to themaldn special
situations, particular patients may have theirralauttons set up
to go directly to the mobile phone of their assijnerse.

From our field studies, it is clear that the waylatmoration and
communication is currently carried out in the mipadity have a
series of enablers as well as challenges for dtsieg work. On
the positive side, the lose mechanisms for ad-hahange of
work tasks among healthcare assistants makes yt feasthe
workers to respond to events out of the ordinaocess to shared
repositories of information at the clients’ andigats’ homes, as
well as at the central office, makes it possiblectmrdinate
treatment among co-workers, and communicate relgtigasily
between shifts. Finally, allowing the nurses taistre their own

workday allows for ad-hoc responses to the immediegeds of
the patients, and for assisting each other if needen the
negative side, firstly, the use of paper-based snaied records
requires double registration of information (first the paper
notebook and then in the official records). It atseans that there
is a significant delay between the time informatisrregistered
and the time of availability to co-workers. Havisgveral parallel
paper-based records with overlapping content alseduces an
uncertainty about what information is the newesecdndly,
basing communication among the distributed and wmiicaly
mobile healthcare assistants on phone calls betywbgrically
anchored landlines, introduces a huge level of aicey and
inefficiency. Important messages may not reaclr tiegipients in
time, and may never be communicated in the fist@because of
doubt about where to call. In terms of alarms, &hla time may
easily be lost in the process of locating and didpag the closest
healthcare assistant or nurse.

4. THE “GEOHEALTH” PROTOTYPE

Informed by our field observations, we designed iamplemented
a functional prototype, GeoHealth, which suppoist¢rithuted and
mobile collaboration through representation of ligentextual
information about clients, co-workers, current asdeduled work
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Figure 1. The main screen of the GeoHealth prototygsystem with the layers of four healthcare workef<lients, routes and current

location enabled. In the palette on the right, thaeiser can see her own scheduled work tasks and keap eye on which colleague is
closest to her. Using the timeline below the maphe user can “fast forward” into the future and seehow the schedules for the day
will unfold according to plan, or “rewind into the past” to see where people have already been today.



activities, and alarms adapted to the users’ lonafThe prototype
explores new technical opportunities for the croatof highly
dynamic multi-user location-based web-applicatidgheough a
combination of Web 2.0 technology, GPS positionintgractive
map/satellite image overlays and mobile Internetess. The
GeoHealth prototype was developed through a seunitsired
process for moving from ethnographic data towamks interface
design, involving activities of design sketchingppr prototyping
and technology exploration (Paay 2007).

The basic idea behind the GeoHealth system wasadde the
home healthcare workers with an
representation of their shared and individual watemains
embedded into a digital map. Within this represémba the
workers should have direct access to key informagibout their
patients, scheduled tasks, and the location anditeet of their
colleagues. At the same time, the system shouldalide to
function as a medium for text-based as well
communication, facilitate easy ad-hoc exchange ofkwtasks,
and it should function as a graphical interfacethe existing
patient alarm system replacing needs for makinghphzalls. We
also wanted to facilitate spoken communication ulgio VolP,
and automate mileage registration for private ca: u

It was our intention to make the system contextraviia the sense
that it would know the whereabouts and activitiegusers, the
patients, and scheduled work assignments. Howeatrer than
using this information to make the system “intedligly” suggest
to the users what to do, we wanted to representctrgext
information in the interface and leave the capsbilof
intelligence to the users. Hence, the GeoHealttesysleploys
active context-awareness in the sense that it pushesrnafmon to
the user when, for example, he or she enters ttiaityi of an
assigned patient, or if a patient alarm is trigdemearby.
However, leaving the user in control, the systeso aleploys

passive context-awareness in the sense that pushed contexi

information appears discretely within the interfaaed goes away
again automatically if the user does not act on it.

The functionality of GeoHealth can be divided ifiboir themes,
which are described in detail below: 1) spatiabwief the work

domain, 2) information tailored to location, 3) hde exchange of
work tasks, and 4) alarms directed to the closestqn.

4.1 Spatial view of the work domain

The primary functionality of GeoHealth is to progidthe

distributed healthcare workers with a spatial viefatheir work

domain. This is done by plotting the locations dérds and

patients, the location of healthcare workers (tedckia GPS), and
their planned routes for the day, on a full-screeap of the
municipality (figure 1). The map can be navigatgdnbeans of
dragging it left/right and up/down. Zooming anddbgg between
map view, satellite view, and hybrid view (satellimages with
superimposed map information) is done through oeest
controls. By clicking on a client or patient on timap, a call-out
box appears with access to all the informationlalséé about this
particular person (which used to be distributediferent paper-
based records) and with functionality for takinge®o(figure 2).

Through this box it is also possible for the nutgesake changes

to medical records, treatment etc. Changes andim@rmation
are immediately available to co-workers. Clickiny @ telephone
number listed in the patient records initiates gp@lout call. By
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clicking on a co-worker on the map, it is possitdeinitiate a
Skype call to this person’s laptop.

Layered on top of the map are two semi-transpacemitrol
panels. The one on the right contains a list ofvookers, with
colour-coded people-icons matching the colour efrtlassigned
clients/patients and routes on the map, as wedl tbbed list of
assigned work tasks. Using the check box across feach
worker, the user can turn on and off the view a$ thersons’
information layer on the map. In the tabbed list wérk
assignment, the user can see his or her taskshéoday, with
names, addresses, and letter codes for treatmentek as the
tasks of co-workers. For healthcare assistantdjghis presented
as a time schedule while for nurses it is a toistowith no exact
times. For each client or patient in the list (@mdthe map) there
is an icon indicating his or her status of treatnienthe day (e.g.
done, ongoing, pending, unavailable, emergency). &the order
of the list is determined ahead of time but cao &ls altered ad-
hoc by dragging an entry to a different positiotha@ging the
order of visits immediately changes the suggestederon the
map accordingly, and hence this can also be used dsmamic
planning tool for obtaining an optimal sequencevisfts. In the
bottom part of the control panel the user can noonithich
colleague is closest by in case of need for agsista\ext to the
control panel, short predefined or free text messagay appear
from colleagues reporting, for example, that they done with
the treatment of a particular patient. The conpahel in the
bottom of the screen contains a timeline enabliveguser to “fast
forward” into the scheduled plan or “rewind intethast” to see
where people have already been today.
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Figure 2. Four different views of client/patient irformation: 1)
medical record, 2) contact information, 3) notes oftreatment,
and 4) satellite image and map details of home loidan

4.2 Information tailored to location

In addition to facilitating information “pull” abduthe work
domain through the map representation and callbaxes, the
system also “pushes” information on the basis ehton and
assigned work tasks. However, rather than promptireg user



with intrusive information screens, information pugs done
gently through changes to the map representatidreppearance
(and disappearance) of information. Firstly, thepmagew moves
automatically when the user comes close to thesdgel icons
change automatically in accordance to co-workersgnass
throughout the day. Secondly, when a healthcar&kevodrives
into the vicinity of an assigned client or patietiite call-out box
for this client or patient automatically pops uptbe map (figure
3) making information about the upcoming visit rgad hand. In
addition to the information currently available paper, one of
the tabs contains a close-up satellite image of dlent or
patients’ address (figure 2, bottom right) factlitg way finding
through reference to physical attributes of theiremment (e.g.
the colour of roofs, density of houses, presencérads, etc.).
Leaving vicinity of a client/patient makes the ltigappear again.

Y K

Borgor

Figure 3. Information box appearing automatically when a
healthcare worker drive into vicinity of a clients’ home

4.3 Ad-hoc exchange of work tasks

Apart from facilitating reshuffling of ones’ own wotasks, the
GeoHealth system also facilitates easy ad-hoc exghaf work

tasks from one healthcare assistant or nurse tthenduring a
workday. Exchange of a work task is done in the miawv by

simply dragging a client or patient icon onto theri for another
healthcare worker and then dropping there (figureB4 doing

this, the visit to that particular client or patievill disappear from
one healthcare workers’ list of tasks and appeathenother’s.
Moving a work task on to a co-worker also triggarpredefined
text notification to appear on this person’s scrddence, rather
than forcing users through tedious formalized pdoces for
negotiation and confirmation, this design relies dmst,

professionalism and social conventions for collakion.

Although not technically necessary for reassigrangork task to
another colleague, this process of ad-hoc exchantfeought of
as combined with a Skype call for verbal agreenhetiveen the
healthcare workers involved.
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Figure 4. Ad-hoc exchange of work tasks by dragging client
or patient symbol onto another healthcare worker
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4.4 Alarms directed to the closest person
Replacing the use of mobile and landline phoneségotiating
responds to alarms, GeoHealth embeds alarms irtosplatial
view of the work domain, and uses the ongoing GBStipning
of the healthcare workers to automatically diréet alarm to the
nearest person. Hence when an alarm is triggefhet closest
healthcare assistant or nurse receives a pop-upagen their
screen, and the location of the alarm and nearlipagues is
highlighted on the map (figure 5). If assistanceneeded, the
nearby colleagues can then be contacted via Skypethe co-
workers further away, the alarm is indicated by mseaf its
location on the map, and a notification of whicligo® the alarm
has been delegated to. In the event that the ¢ldsedthcare
worker is not able to respond, he or she can referalarm by
which it is directed to the second closest peraad,so forth.
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Figure 5. Home alarm appearing as a pop-up messaga the
closest healthcare worker’s screen along with infenation
about location of nearby colleagues

4.5 Implementation

The prototype system was implemented using webntdoies
and languages such as XHTML, CSS, JavaScript, gax, #us
allowing the healthcare workers to interact withe tBystem
through a web browser. The server-side componens wa
implemented on a Debian Linux system, an Apache sesber, a
MySQL database server, and the PHP scripting laggyeagine.

The user interface is built on top of Google Mapiedded into a
web page in full screen. The floating palettes ar@de from
layered XHTML, which is dynamically updated usiraydScript.
The engine used to run the interface was created) uabject-
oriented JavaScript and asynchronous XML requestsich
makes the user interface independent of page rielgpadnd
improve possibilities for interactivity and systeesponsiveness
to user interaction both locally and remote. Inyapterms, Ajax
provides a framework that allows developers to tereesktop-
like application for the web by relying on XML falata transport
“behind the scenes” of the graphical interface ahdreby
enabling the user to interact with a web-applicatighile it is
requesting or processing data in the background.

The information layers superimposed onto the mag ar
constructed from markers and polylines. The locstiof clients
on the map are calculated on the basis of theirezdds’ latitude
and longitude coordinates provided through a lopkia the



Address Web Service (AWS) provided by The NatioBatvey
and Cadastre of Denmark, which contain the geodgaph
coordinates of all addresses and in Denmark. Robédween
addresses on the map are generated on the basi®ok-up in
the Google Maps directions service, which retukiML file with
coordinates following the road network. All requesi AWS and
Google Maps directions are done through the Ajairen

The client parts of the application communicatehvaach other
via a central database and a web server. Howevdikeua
conventional web site or web application, all rexiado the web
server are done through the Ajax engine and angestg for XML
data rather than whole pages of XHTML.

Applications based on Google Maps, like this ones quite
demanding on download bandwidth for graphics. Fonap of
1700 x 1200 pixels, each zoom level requires 20QKktp of data
depending on view mode (map, satellite or hybri@jnce
bandwidth on the mobile Internet is still a rattsmarce and
expensive resource in areas covered only by GPRS®r
networks, the GeoHealth prototype system cachesad#i from
the Google Maps imagery server locally on the tlidimough a
proxy server set-up. Thereby, maps and satelliggén are only
downloaded to the client once (until updated ondéever), and
the response time of the application is improvedificantly.
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Figure 6. The technical architecture of the prototpe system

5. EVALUATIONS

The GeoHealth prototype system was evaluated thrdiet and
laboratory studies involving nine healthcare woskefThe
evaluations took place in the municipality of Adbenmark. The
evaluation sessions were structured by task assigsm
prompting the users to interact with particulartpaf the system.
During the evaluation sessions, the users weredagkehink-
aloud and respond to a series of interview questadyout their
perception, interaction, and use of the system.

The purpose of the field evaluation was to invegégnto the use
of the prototype system in realistic surroundingsead around
the municipality. For this purpose, we installeldpatop computer
with GPS in a minibus equipped with video and audicording
equipment (figure 7), and then let the healthcavekers use this
vehicle to visit locations on their normal routds we were not
interested in the issues related to interacting e system while
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driving at this time of the project, all interaatitook place while
the vehicle was not in motion. The time used tovedrfrom

location to location was spent on follow-up quassi@nd general
discussions about the use of the system. Due kodaresources
in the healthcare domain for the purpose of expioyastudies
like this one, we were only able to conduct thress®ns in the
field. In response to this, we carried out a sed&daboratory
studies with the purpose of supplementing the fieldluation

with more empirical data without interfering withet work

activities in the municipality, and without demamglitoo much of
the healthcare workers’ time. For this purpose, se¢ up a
temporary laboratory in a dedicated room at theltheare

workers’ central office, in which they could intetawith the

prototype system while seated at a desk.

»1 (v 4 3 &

. -

Figure 7. In-car field evaluation of prototype sysém

The nine participating healthcare workers werevalinen and
either employed as nurses or healthcare assist@htey were
between 32 and 53 years old, and had 6 to 28 péarsperience
with their job. Most were experienced users of Lit bne user
characterized herself as a novice and one as aertexpll
evaluations were recorded on digital video showheusers and
their interactions with the system. In additiong tprototype
screen was captured to a movie file through a scfegging
utility. The evaluation sessions in the field to8&-40 minutes
while the sessions in the lab took 25-30 minutes: &thical
reasons the evaluation did not involve real pagiemtpatient data
but was based on fictive data and scenarios infdrimg our
ethnographic studies of the domain. Video data freme
evaluation sessions underwent content analysis by t
independent researchers, who then merged theinahims into
a coherent set of codes. These codes were subsigqatfimity
diagrammed into themes on higher levels of abstrastleading
to the creation of 8 overall categories of findingelow, we
present and discuss highlights from these.

6. FINDINGS AND DISCUSSION

From our evaluations it was clear that the usederstood the
basic design of GeoHealth and were able to intevibtits basic
functionalities after very short time. The usersienstood the map
representations and the floating control panel®n@¢c colour
coding etc.), as well as the close relationshipvbeh them. They
also expressed that the spatial and temporal/séglen
representations of work tasks complemented eadr othry well,
and that the spatial representation gave them d god useful
overview of their own work activities and supportadiareness
about their co-workers without requiring too mudteation. On
the down side, some concerns were voiced in relatdifficulty
in separation of similar coloured routes and taskshe map (i.e.



the ones coloured red and the ones coloured ora@imjously,
this problem would increase if even more healthearkers were
to be represented at the same time, and greasbatdd be taken
when selecting a palette of possible colours. Sosegs also had
problems with navigating and zooming on the map.

In relation to tailoring information to locationhe healthcare
workers were very happy with the way GeoHealth wenatiically

presented information about assigned clients whateriag

vicinity of their home. It was expressed that tharge of visual
appearance on the screen caught attention witreng lintrusive,

and that it was “natural” that the call-out box @uttically

disappeared when leaving vicinity. Nobody expressed it was
not observed, that this use of context-awarendssniation push
took control away from the user. However, conceas expressed
that the status of a client/patient could changgpbi by driving

past their house, and that such automatic charmédshequire a
certain “dwell-time” at the physical location ofetthouse. Making
information and note taking facilities about cligfpatients
available electronically directly through call-owts the map was
received very positively, and it was confirmed thla¢ use of
satellite imagery aided navigation by means of pnemt physical

properties of the surroundings. However, it was alsserved that
the strong colours of satellite imagery sometinmgsrfered with

the colour coding of work tasks and routes (Denmar& very

green-looking country).

In term of support for ad-hoc exchange of work s$askll

healthcare workers were able to use the drag-ampl-@chnique
with icons on the map. The simplicity of the proaesl was
appreciated, and one user even expressed that tengithin a

spatial representation of the work domain helpedalseess which
colleague to exchange tasks with based on vicitutyplanned
routes. On the negative side, however, some heaéthworkers
expressed that although they were able to undefstad use the
implemented interaction technique, it felt odd ® fmoving the
icons of clients/patients to the healthcare workamsthe map,
since this did not match the corresponding effe¢he real world
(where the healthcare workers are the ones who ogdhée

clients/patients). A suggestion was to reversetéodnique, so
that it is dragging a healthcare worker icon tdient/patient icon
that pairs the two.

In dealing with alarms, the healthcare workers wexngy positive
towards the visualisation and automatic prompt lef tlosest
person. Combined with the representation of neadiigagues, it
was expressed that this would significantly ease amount of
time as well as cognitive efforts spent on coortioma In
extension of the new way of communicating in relatio alarms,
the healthcare workers also found that the useerf-hiased
messages constituted a significant advantage awveznt practice
because it eased their need for making phone ablsit every
little detail. However, it was also stressed thexttmessages
should not replace verbal communication, and tliaess to a
verbal communication channel (e.g. Skype) wouleéssential for
complex coordination as well as for the social psgs.

7. CONCLUSIONS

We have described a geographical
GeoHealth, for physically distributed and nomadiomie
healthcare workers that combine Google Maps, GRRipoing,
and Web 2.0 technology. The system is locationdaspresents
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information system

live contextual data about a shared work domaiaminteractive
map displayed in a web browser, and has facilitfes
communicating and coordinating work tasks amondritisged
users. Through a series of user-based evaluatives,have
verified the overall design and functionality ofettprototype
system as well as identified a number of areasnfiprovements
to its interaction design. Further work will expeant with these
areas of improvements, and will also seek to apply general
design ideas, and technical platform, to a differéamain of
nomadic collaborative work, and to use in non-waektings.
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