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Abstract Hospitals are required to operate as a continuous system because patient cakedanmporarily
suspended and handover is seen as a key method for enablififpighjzaper reports a study of handover in a
medical admissions unit. We draw on the notion of awareness as catiseptwithin the Computer Supported
Cooperative Work literature to explore the role played by a vasfatggnitive artifacts in supporting
continuous coverage. While such awareness is typically charadtgriseing ‘effortless’, our study reveals that
maintaining awareness in a context such as the medical admissions unitfisl effierto invisible work. We
suggest that the notion of awareness is beneficial for exploring thé&epsaaf continuous coverage because it
moves attention away from the moment of handover, instead encaucagisideration of the variety of
practices through which clinicians display their work to, and monitowtir& of, colleagues on different shifts.
We argue that efforts to support continuous coverage should fodogprmving awareness by increasing the
visibility of information.
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1. Introduction

Hospitals are open twenty-four hours a day, 365 days a ybay. dre required to operate as a continuous
system because patient care cannot be temporarily suspended. As aaggsitét, Work is continuous, requiring
what we will refer to as ‘continuous coverage’: the continuous availability of staff to undertake the activities

involved in patient care

Continuous coverage in the hospital is possible because of patterrif wfosk, where one person or teas i
replaced by another who is considered, from the perspective afgdueisation, to be their functional equivalent
(Zerubavel 1979). However, this presents challenges in terms of thdinaimm of hospital work. In
characterising the nature of collaboration, we can distinguish betwewmmregous collaboration, where
participants in the collaboration are present at the same time (although not ngcéssael same place)
allowing for immediate feedback, and asynchronous collaboration, \phetieipants in the collaboration work
at different times, introducing a delay in feedback. Collaboration betteaens on different shifts is largely

asynchronous.

Shift handovera brief handover period of synchronous collaboration allowing for two way communication
between teams on consecutive shifts, is seen as a key tool in ensuring continuous coverage. Handowvers tak
place in a range of settings that require continuous operation, with gdeyiels of formality. For example,
previous work reports on shift handovers within a NASA Space Cemtetear power generation plants,
railroad dispatch centres, and ambulance dispatch centres (Patterson et alO#t¥¥43ettings that require
continuous operation include news services, police and fire servicegaandlectricity, water and telephone
suppliers. Within healthcare, handover can be defined as the trahsésponsibility for a patient or group of
patients from one person or group to another, typically accomphagidide sharing of information about the

those patients (Junior Doctors Committee 2004)

Successful handover is regarded as essential for patient safety (Petersen et;abragson et al. 2005)
However, handover is far from being a foolproof methodediosuring informational continuity; practice is
highly variable and little is known about what makes an effective handavwenmber of studies highlight the
role of handover in adverse events. For example, in a survey &daling hospitals, trainee doctors perceived
problems with handover as the reason for 15% of mistakes (Jagsi2€08). Interviews with 38 surgeons
found that communication breakdown was cited as a factor contributingots &r 43% of reported incidents,
two thirds of which involved an inadequate handover oraaghin the personnel providing a patient’s care
(Gawande et al. 2003). In a retrospective review of 307 closed malpréleiices in which patients alleged a
missed or delayed diagnosis, handover was seen as a leading factorttitaitedrto the errors in 20% of cases
(Gandhi et al. 2006).

The question of how to get handover ‘right’ is of escalating importance with shorter working hours for doctors
and an increase in shift patterns of working. In the UK, doctors’ working hours were first reduced in 1991 by the

New Deal for Junior Doctors, which limited junior doctors” hours to 72 hours on duty and 56 hours of actual



work (Jagsi and Surender 2004). Their hours have beererfurgiduced by the European Working Time
Directive (EWTD) to 48 weekly duty hours. Similar regulations have hetaduced in the United States.
These changes mean more frequent handovers and greater cross-coveeagea(pétient is covered by a

doctor who is not primarily responsible for their care).

This paper presents results from of a study of shift handovemedical admissions unit (MAU). In analysing
the collected data, we drew on the notion of awareness from the Cornutported Cooperative Work
(CSCW) literature. The key argument of this paper is that awarenaasseful concept for exploring practices
for continuous coverage, and considering how to provide technologiqadrsdpr continuous coverage, on the
basis that it moves attention away from the moment of handover. In#tesmtpurages consideration of the
variety of practices through which clinicians display their workatag monitor the work of, colleagues on
different shifts.

The following section presents the background and theory for dpisrpfirstly reviewing previous studies of
handover and then considering the CSCW literature on awareness. Vgegbent the methods of the study and
the findings. In the discussion, we consider the nature of awarertegs the MAU and the role that cognitive
artifacts play in supporting that, the implications this analysisftiashe design of technology to support
handover, and the more general benefits of awareness as a contbetaoalysis of practices for continuous

coverage.

2. Background and theory

2.1 Previous studies of handover

Previous studies of handover in the healthcare domain have igiveh attention to the information contained
within the handover. Many of these studies emphasise the situated ofthe content of handovers. Firstly,
there is the local context in terms of the setting; what counts as agcesessential information appears to
vary depending on the medical specialty. For example, a study of handdier acute elderly wards in one
hospital found that the ‘crash’ status (whether or not the patient was to be resuscitated) was a key concern for
nurses coming on to the shift (Payne et al. 2000). Secondly, thenatfon provided is contextual in that it
reflects certainty about the patient’s condition, severity and stability of the patient’s condition and the workload

of staff members (Nemeth et al. 2006). For example, more time mapdnt discussing an unstable patient.
Thirdly, the information provided also depends on the staff who are Ieinded over to. The amount of
information handed over may also depend on whether or not an aricomimber of staff has previously cared
for the patient (Kerr 2002)The ‘partial’ nature of handovers has been highlighted; shift handovers have been
found to be given at high speed, using abbreviations and jdhgdrassume knowledge on the part of the
listener (Ekman and Segesten 1995; Payne et al. 2000). Thus, Ve sbelwhandovers not as reports but as
conversations that demonstrate recipient design, where the speaker thesigtadk in ways which display an

orientation to tk listeners (Nemeth et al. 2006)



While most studies of handover focus on the verbal handover itsel, sothors point to the fact that there are
a number of activities that surround the handover. Payne et al. @&8&)be the informal exchanges of patient
information between the outgoing nurse and the incoming nurse. $ymBtange (1996) describes how, while
waiting for the handover to begin, staff who have had days dfenguire whether the ward has been busy or
which patients have been transferred. Kerr (2002) describes the updatioguoients in preparation for the
handover (the ‘pre-handover’ phase) and the collecting of information from documents afterwards (the ‘post-

handover’ phase).

Shift handover should be viewed within the context of what we kaloout collaboration within and between
healthcare teams more generally. Collaboration is an essential featusspithhwork (Strauss et al. 1997)
Such collaboration involves both formal and ‘on the fly’ communication (Albolino et al. 2007) and breakdowns
in information flow are common. For example, within the outpatient supyegperative process, Schultz et al.
(2007) describe the difficulties that clinicians experience in accessing agcesgient information. These
difficulties lead to clinicians spending significant time trying to access the aegéstrmation, with negative
consequences for patient care. Xiao et al. (2008) describe the challenges in soitgicdlkeeping all relevant
parties informed of changes, because clinicians are widely distributed agdwith other tasks, and the

disruptive nature of synchronous communication mechanisms.

2.2 Cognitive artifacts

The concept of cognitive artifacts comes from the theoretical perspectdetabuted Cognition (Hutchins
1995) and is used to refer to the potentially broad range of artifettprovide representations of information
used in support of cognition within a particular system (Nemeth et al). 2DB#ributed Cognitia is concerned
not only with the content of cognitive artifacts and how thesdransformed in the accomplishment of work,
but also the characteristics of those artifacts (e.g. physical durabilitgtidioal durability), their physical
configuration and the impact this has on the distribution of acces$otonation (Hutchins 1995). Cognitive
artifacts may be endogenguseaning that they are constructed by users in order to facilitate porstipeir
work, or they may be exogenous, being introduced to the workpkdag been developed elsewhere (Jones

and Nemeth 2005). Such exogenous artifacts may also be customibedf ngers (Garbis 2002)

While cognitive artifacts may support the work of individuals, Distributedn@imn is concerned with how
cognition is distributed amongst teams, their tools and their environmenthasdhe role that cognitive
artifacts play in supporting teamwork. While some cognitive artifacés personal, presenting information
typically to a single user and thereby displaying a low level of mges) others are public, making information
synchronously accessible to a collocated team (Garbis 2002). The leopkmfiess of a cognitive artifact
depends not only on the design of that artifact, but also the practicesrtioains its use and the organisational

setting.

The role of cognitive artifacts in supporting clinical work has beewrtep in a number of studies. For

example, Wears et al. (2006) and Xiao et al. (2008) both characterise oghitebas cognitive artifacts,



describing their use in supporting communication and problem-solvingmergency rooms and operating
rooms respectively. A number of qualitative studies highlight the uagarige bcognitive artifacts to support
handover specifically. Documents found to support handover rangef@ranal, legal documents to informal
‘scraps’ (Payne et al. 2000). The use of handover sheets, either printeshawritten, have been found in a
variety of settings (Randell et al. 2008). These artifacts may incorporate |aealbloped practices for
highlighting particular information, such as using a different colour rémording what is perceived as
particularly important information (Ekman and Segesten 1995). Suchctstifunction as both public and
private documents, having relevance for the whole ward while also actingeasonal workspace that staff use
in organising their work (Wilson et al. 2006; Randell et al. 2008). Skatards are another form of cognitive
artifact that has been found to be used in support of handoverg\&teal. 2006). Features of the status board
that are considered to lead to their successful and continued use includenalieability, informality,

accessibility and the fact that they are locally owned.

At the same time, there is interest in standardising the handovesgrtmemugh the use of cognitive artifacts
such as standard operating protocols and minimum data sets (€uaile2009). There is high level guidance
such as the recent Australian recommendations (Australian Commission gne®afeguality in Health Care
2009), as well as attempts to define a list of recommendationsrido¥er, such as those provided in the UK
by the Junior Doctors Committee (Junior Doctors Committee 2004)eThaere been a number of studies that
have sought to measure the impact and acceptability of such artifaptgirBental comparison suggests that
the creation of written notes during handover, compared to when pafiemhation is handed over by the
verbal only method, significantly increases the amount of informattained, and even more information is
retained when a printed handout containing all patient information is usedbrdet al. 2007). The introduction
of a standard form for recording weekend plans was found to leadi¢gmificant improvement in the proportion
of notes containing a weekend plan and the proportion of notes cagtaimesuscitation decision (Grainge et
al. 2005). Another study looked at the impact of providing thadditional information tools: a patient
information sheet giving a structuredpdge summary of the patient’s main information; an event sheet listing
every patient mentioned during weekend handovers, when theymeroned and why; and a patient list
printed from one of the hospital’s patient information systems, broken up according to patient location (Alem et

al. 2007) The acceptability of other standardised tools has also been explorednvatanisational readiness
checklist, a suggested organisational policy and a handover protocol beingots considered most useful
(Quin et al. 2009). However, others point to the potential unintende@qagrsces of standardising handover

practices (Patterson 2008).

2.3 Awareness

In conducting the analysis presented in this paper, we have useditireai@wareness as it is characterised in
the CSCW literature as a sensitising concept. While the concept of situatienassa(SAjs defined as “the
perception of the elements in the environment within a volume of tidespace, their comprehension and
meaning, and the projection of their status in the near future” (Endsley 1988), the concept of awareness as it is

used in CSCW is concerned with the practices through which actors displagctivities to, and monitor the



activities of, colleagues in order to support their collaborative work (Heath2Q; Schmidt 2002). As such,
awareness is seen as essential for effective collaborative work. Sacbnass is typically characterised as
being ‘effortless’ (Schmidt 2002), and workplace studies point to the way in which, wiwdocated,
cooperating actors are able to align and integrate their activities thsoeghmutual display and monitoring
(Heath et al. 2002). For example, in their classic study of a London ¢foded control room, Heath and Luff
(1992) describe how personnel with different roles and responsibilities monitor each other’s conduct and make
visible their own activities, enabling them to identify contingencies wimai1 have consequences for their own
activities or those of their colleagues. Such awareness is referrelypamduct awareness, being generated in
the course of activities (Simone and Bandini 200 his is in contrast taddon awareness, where colleagues
do additional work in order to display to colleagues the status of tHeamd their activities and/or to monitor
the work of colleagues. Examples of add-on awareness include thierci@ad updating of representations of
the work, such as Gantt charts, and explicit communication abouwtdhes of the work, such as emails

regarding the progress of a particular activity.

Cognitive artifacts, and the impact that they have on the distributianceks to information, naturally play an
important part in the creation of awareness. How cognitive artifacts sugppareness has been explored in a
number of qualitative studies of collaborative work in a range of safiétyatsettings. For example, Heath and
Luff (1992) describe how in a London Underground control ro6RTV, the timetable and displays showing
the status of the line are monitored by staff in order to plan thik amd ensure the smooth flow of traffic.
Similarly, Hughes et al. (Hughes et al. 1992) emphasise the impmtamf the card flight progress strip, used
by air traffic controllers in the course of their work but also makiveg work visible to colleagues. Through
making work visible, cognitive artifacts increase awareness amontjstated teams, thereby supporting

collaboration.

Concern for awareness in CSCW initially grew out of acknovdetnt that, when collaborating remotely,
access to awareness information is limited, impacting the ability taliocade actions (Gutwin et al. 1996)
Emphasis has been placed on approaches to supporting awarenessraiifhivage systems that do not require
additional effort on the part of users, by-product awareness rattreattd-on awareness (Dourish and Bellotti
1992). These studies provide descriptions of different levels and forrasvareness, including workspace
awarenessconcerned with knowledge about others’ interaction with a shared workspace (Gutwin et al. 1996;
Gutwin and Greenberg 2002), and activity awareness, which exteadsotion of workspace awareness to
provide information on interrelated activities in individual workspaces (Nanetral. 1998; Hayashi et al.
1999). While early development work focused on office settings and atisitich as collaborative writing,
recent work has explored a wider range of settings and activities. Viiighilthcare, collaboration within a
surgical department has been explored and three types of necessaneasvar®rmation have been suggested:
social awareness, such as the location and activities of colleagues; spatiahessarelating to what is
happening in a particular location; and temporal awareness, about past, pre$efirarattivities (Bardram et
al. 2006)



Such concern for supporting awareness has largely focusetlysitally distributed collaborative work. As
such, we kow little about the practices used by those who are temporally distributadintain awareness of
each other’s work, as in the case of clinicians working on different shifts, or howprovide technological
support for such temporally distributed collaboration. In the follovéiegtions, we describe the methods and
findings from our study of handover in an MAU, focusing lmow cognitive artifacts are used to support

awareness across shifts.

3. Methods

3.1 Data collection

We undertook a study of handover in the MAU of a UK hospital, inmglthe observation of handovers that
took place within the setting. Prior to beginning data collection, aeredtson protocol was established,
drawing on previous studies of handover and the theoretical pergpetistributed Cognition. As such, the
observation protocol guided the researchers to not only pay attention to lilaé a@rtent of the handovers but
also to how information representations are used within the handavéheextent to which they facilitate or
support communication. Examples of artifacts used to support handevergathered and discussed with
participants. Based on the findings of previous studies, we made n@agsionptions about what constitutes a

cognitive artifact and paid attention to both formal and informal representéflagee et al. 2000)

In undertaking the observations we sought to be as non-intrusivesablp, so as to reduce any influence
generated by the presence of the researchers. Thus, rather than shauEwidar staff members, we
positioned ourselves in particular locations, such as at the nurses’ station and in the doctors’ room, where we
could observe what was happening without drawing too much attentimur foresence. Special attention was
given to the interpretations and concerns of those in the setting g&met al. 1995), with interviews being
conducted with staff members to gain their perspective on the worknofokier. However, these interviews
were ad hoc and informal in nature, again motivated by the desire toerady influence generated by the

presence of the researchers. The observations were undertaken byhevawhors (RR and PW).

While the observation protocol provided guidance on data collection, it waimtanted to limit the data

collection; following in the ethnographic tradition, the researchers kept the scihygermtes wide, on the basis
that what previously seemed insignificant may come to take on newingeia light of subsequent events
(Hammersley and Atkinson 1995). As previous studies of hardaighlight the situated nature of handover

practices, we considered it important to take the time to understand the woeksetting.

Initial observations were carried out over a two-week period in Novedfliat. This was followed by a further
two-week period of observation in March 2008, focusing on thetipeacof the acute medicine team based on
this ward. Following each period of observation, fieldnotes were wriftesind entered into Atlas.ti, software

for indexing and analysis of qualitative data



Research Ethics Committee approval was obtained for this study and watteent was obtained from both

staff and patients that participated in the study.

3.2 Analysis

The analysis presented in this paper focuses on the use of cognifaetsariithin the setting and particularly
the role of the doctors’ list. To analyse the data gathered on cognitive artifacts and their use, we used
Framework Analysis, an analytical approach developed for conducting apptibtive research (Ritchie and
Spencer 1994). This involves moving through the stages olflidesation, identification of a thematic

framework, indexing, charting, and mapping and interpretation.

In developing the thematic framework, we drew on the noticem@reness as it is used within CSCW, as well
asDistributed Cognition. As such, indexing of the data focused on captietails of how the artifacts are used

by clinicians for the display and monitoring of each other’s work, as well as the characteristics of those artifacts,
their physical configuration and the impact this has on the distribafiancess to information and subsequent

processing.

4. Findings

Drawing on the work of Hutchins (1995) and following the exiengé Garbis (2002), we present our findings
according to three levels of detail. At the first level, we describe the setting @ridepa general overview of
the work in the MAU. At the second level, we turn to consider the cogratitifacts that are used and the role

that they play within the setting. At the third level, we present a detailed anafydie use of a particular

cognitiveartifact, the doctors’ list, considering the ways in which it is accessed and transformed.

4.1 The medical admissions unit

The MAU is a 28-bed ward in a large inner city hospital. Patients who toiecident & Emergency (A&E)

and who are considered to require hospital admission are broughe MAW for initial assessment before
being transferred to an appropriate ward or being discharged. As sedAlU is characterised by frequent
movement of patients into and out of the ward. There is a wide rangaiefts in terms of age and medical

condition.

The ward is organised into bays, ranging from single-bed toasig-bed bays. The ward is square shaped, with
a corridor which loops around the ward, providing access to the(bayse 1). As well as the bays, there is a
small staff room and theard manager’s office. In the middle of the ward is the kitchen, sluice room, baths

and various storage spac&&e nurses’ station is a relatively large space (Figure 2). Along one side are a series
of cabinets with a desk in the middle, on which sits a P{ere are also desks at either end of the nurses’
station, each with a POn the other side is the door to the doctors’ room (Figure 3) This is a relatively small

room with a workbench running along one wall. On this workbench are twod@@stwo large monitors for



viewing images such as x-raykhere is also another desk with another PC. This is where medical staff car

out tasks such as ordering lab tests and viewing x-rays

Bay E Visitors’ Bay F
room
Ward Bay G
office
Staff
Bay D room
Bay C
Bay H
Bay B
Nurses’ station
Bay A
Bay |
Doctors’ room

Fig. 1 Layout of the MAU

Fig. 2 The nurses’ station



Fig. 3 The doctors’ room

There are a range of clinical and non-clinical staff working on the vtlaedward medical staff (referred to as
the acute medicine team), nursing staff, health care assistants (HCAS), hmggists, occupational therapists,
pharmacists and the ward clerk. Patients are also visited by staffefamns that are not based on the ward, such

as the cardiac team. There are typically three nurses and three HCAs shiftaanid one charge nurse.

The day acute medicine team is organised into two sub-teams, each ytyp@aisting of one specialist
registrar (SpR), a senior house officer (SHO) and one or two hofiser®f(HOs). One of these teams is
referred to as the ‘on-take team’, responsible for clerking patients as they are admitted, and the other team is
referred to as the ‘second on team’, responsible for attending to patients previously admitted. The consultant on
duty changes each week and the consultant sees all patients on the first ward round following the patient’s
admission. At night, the acute medicine team consists of one SpR ar®Hi), responsible for both clerking

patients and attending to patients on the MAU and elsewhere in the hospital.

The junior doctors (the SHOs and HOs) arrive on the ward at 7:300&8na.m., the consultant and the night
team arrive and the post-take ward round (PTWR) begins, where afitpatieo were admitted overnight or the
previous day are seen. This is attended by the on-take team, gdtaonand the night team. The PTWR
happens in two stages; first they see all patients admitted overnighatsthehnight team can present these
patients, providing a verbal handover, and then leave; then they seatiafits admitted the previous day.
During the PTWR, whoever clerked the patient typically presents them ¢onisaltant. This takes place in the
corridor, outside the appropriate bay. They normally describe the presentnplaint, as well as often giving

social information, such as how much the patient smokes and dfihkg. say what they think the possible
diagnosis is and what they propose as a care plan. They then ghenbay to see the patient, where the
consultant does a physical examination of the patient and asks the patignthabbocomplaint. When they

come out of the bay and back into the corridor, the consultantveizgtshe thinks the diagnosis is and what

should be done next in terms of treatment and/or investigations

10



At the same time as the PTWR, the second on team do another watdseeing all patients who have been on

the ward for more than 24 hours and so have been seen bythdtant on a previous ward round.

At 11 a.m., the board round takes place in the doctors’ room. In this meeting, decisions are made about which
wards patients should be moved to. It also provides an opportumitthé second on SpR to update the
consultant about patients the consultant saw on the PTWR the previoasdl&y the consultant to tell the
second on SpR about patients that the SpR will be seeing on the wardheuotiowing day. It is attend by
the consultant, the on-take team, the second on team, the charge eysbasthacist, the occupational therapist
and the physiotherapist.

Following the ward round and board round, there are jobs torwee oy the junior doctors, such as ordering and
following up investigations. The on-take team may clerk patients eithiég thiby are in A&E or once they are
brought to the MAU, depending on the speed at which patients are nithhesdecond on team spend the rest of
day moving between the MAU and the High Dependency Unit (HDU) wtiere are also responsible for
patients.

At 8 p.m., the night acute medicine team team take over responsibility fontpatie the ward, following a
verbal handover from the on-take SpR and SHO.

4.2 Cognitive artifacts within the medical admissions unit

Previous studies of collaborative work in healthcare describe the varietsifaftarthat are used to support
hospital work (Bossen 2002; Fitzpatrick 2004). Within the MAU, there amngerof electronic and paper-
based cognitive artifacts that provide different information, and differemtsvigf that information, about
patients on the ward. Rather than attempting to describe all of these artifaciscus on describing those
artifacts that are used by the acute medicine team.

The primary repository of patient information is the medical record.m@dical records for all patients on the
ward are stored in two trolleys, one placed either side of theneato the doctors’ room. These are used not
only by the acute medicine team but by all members of clinical staff on #ié. Before the ward round, the
ornttake team and the second on team gather together the medical recahdsatients that they need to see,

placing them on small mobile stands that are wheeled around the wargl ttherimard round.

As described above, during the PTWR whoever clerked the patient typically pitesent® the consultant. In
doing this, they refer to the patient tois/ that they recorded in the medical record. Following the consultant’s
examination of the patient, when the consultant says s#hatthinks the diagnosis is and what should be done
next, the HO fills in the PTWR form which is then placed in the medézaird.

In addition to the medical record, patient information is stored in a nurfiletgadronic cognitive artifacts. For

example, using the computers in the doctors’ room, the junior doctors log on to different systems to access lab

11



results such as blood tests and images such as x-rays asca@i§. The results of lab tests then need to be
written in the paper medical record. When data collection for this stu@nptgo tablet PCs had recently been
introduced to the ward, to be used by the junior doctors durggvard round to access these various electronic
cognitive artifacts. Prior to this change, the necessary informatiofdvhave to be accessed before beginning
the ward round and the doctors would sometimes return to the doctors’ room during the ward round to look at x-
rays and CT scans. The nurses were no longer charting patients’ vital signs on paper but were recording them on
PDAs, so the doctors were also able to use the tablet PCs to access the patients’ vital signs, rather than looking

at the paper chart which was previously kept at the end of the patient’s bed. Both of these changes were

introduced as part of a project within the ward to improve accessafibto patient information.

While the medical record and the electronic cognitive artifacts provide detailed infarraéitboit individual
patients, we can identify two cognitive artifacts in the MAU that attempt tdge@n overview of patients on
the ward. h the doctors’ room there is a whiteboard which lists all the patients in the ward, accotaibgd
number (Figure 4)The board records the patient’s name, the date that they were admitted, the consultant that
they are under the responsibility of, the date that they are expected to lzgiidctthe ward that they should
be sent to, and any investigations that are required. It is updategjiibrd both day and night shifts by the
MAU charge nurse, removing patients as they are discharged or moventheramard and adding patients as
they are brought to the MAU. In the board round, the charge nianséssat the whiteboard and records on the
whiteboard the decisions that are made about which wards patients shouwddzbtmand investigations that
are required.

Fig. 4 The whiteboard

12



The acute medicine team also use wkatferred to as the ‘doctors’ list’ to provide an overview of patients on
the ward (Figure 5). The doctors’ list is a Word document with three tables. The first table provides details of all
patients on the MAU. The second table provides details of all patients on thedsdDnany of the patients on
the HDU are also under the responsibility of the acute medicine team. The final table has details of ‘outliers’,
patients who are under the responsibility of the acute medicine team bullwehim a shortage of empty beds,
have been placed on other wards. For each patient, the bed numétiienthey were admitted during the day
or at night,date of admission, name, hospital number and date of birth is given, along with a ‘summary’ (the
presenting complaint, possibly a diagnosis, and sometimes the rdsulestigations that have been carried
out) and ‘jobs’ (e.g. blood results to ‘chase’, a specialist review that needs to be done, activities to be done
before the patient can go home). As well as the elgctcopy stored on one of the computers in the doctors’
room, each member of the acute medicine team has their own paper @bthethcan annotate and refer to

throughout the shift.

=
=
—n
—_—
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=

Fig. 5 Thedoctors’ list

The following section describes in matetail how the doctors’ list is used and transformed throughout the day.

4.3 The role of the doctors’ list

Updating the electronic copy of the doctors’ list is predominantly the responsibility of the junior doctors on the
day shift and is one of the first tasks of the day, as it is unltkalythe night team will have had time to update
it. This is done in théoctors’ room. Junior doctors expend significant time and effort in updatingdbr’

list. When they first arrive on the ward in the mornitig junior doctors update the doctors’ list by using the
whiteboard to gather the names of the patients that have been adimitteel which patients have left the ward,
and to see if any patients have moved to another bed withinaifte Wames of new patients are added to the
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doctors’ list and a sticker with the patient’s name, hospital number and date of birth (a page of which are printed
when the patient is admitted)taken from the patient’s medical record. The date of birth and hospital number is
copied from the sticker onto the doctors’ list. Once the doctors’ list has been updated, a copy is printed for each
member of the acute medicine team. During the day, shiftes of the doctors’ list are used by all members of

the acute medicine team, including the consultant, as well as by the ph&smacis

As noted above, in preparation for the ward round, the junior dogather together the medical records for
patients to be seen, putting them in the order in which patientsendebn. A grey background on a row of a
table on the doctors’ list indicates that a patient needs to be seen on the PTWR, so that both tHedram
and the second on team know which patients they need t@lsedoctors’ list also helps to order the PTWR
because it indicates which patients were admitted overnight; these patiersrafiess so that the night team
can hand them over and then leave.

During the ward round, junior doctors make notes on their printed copies of the doctors’ list, regarding jobs that

need to be done. Following the ward round (often during thedbaamd), the junior doctors update the
electronic copy of the doctors’ list with details of jobs as they were decided on during the ward round, also
adding ‘summary’ details for patients admitted overnight if they have not been added already. However, the
updated doctors’ list does not get printed at that point and the junior doctors continue to refer to the copy of the
doctors’ list that they printed out at the beginning of the shift. The lig supportshe junior doctors” work through

the remainder of the shift, as they refer to it to check what taskstexl to do and then tick those tasks that

they have completed.

It is typically not until later in the afternoon that the doctors’ list gets updated again. Again, the whiteboard is
used to see which patients are on the ward and which have lefthdbbsve been completed can be removed
from the list. The junior doctors check lab results using the laltsesistem; if the results are not there, a note
is added to the doctors’ list to ‘chase’. Certain jobs are written in bold to draw the night acute medicingeam’s
attention to them. A grey background is added to those rows thatdgiails of patients who have been
admitted that day, indicating that they need to be seen on the PTWdRakeénfg morning.

A key time for updating the doctors’ list is before the handover to the night acute medicine team at 8 p.m.
Typically, one of the junior doctors will receive from a membeihefdn-take team, either in person or over the
telephone, details of new patients that have been admitted. Names and a bmefryswrhthe presenting
complaint for each patient will be given and for some patientmdraber of the on-take team that is providing
the information will have theatient’s hospital number and date of birth. Afterwards, the junior doctor updating
the list has to make sure that there is a hospital number and datéhafeborded for each patient on the
doctors’ list. If the patient is already on the ward, these are accessed using the stickers in the patiehtagaor

the morning. Otherwise, the junior doctor searches the lab results system, using the patient’s name, as the
patient’s hospital number and date of birth will be on any entries for them. The following fieldnote extract

describes this process:
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7:15 p.m. The house officer (HO) is updating the electronic copy of the doctors’ list. She updates

Jfour entries, looking at her paper copy of the doctors’ list and the annotations that she has made

on it through the shift. The omke SpR comes to the ward and tells the HO they ve got 20 new
patients. The SpR at first reads out the details from a sheet @f phpe the HO types but he
then puts down the sheet so that she can just copy from it. The Shapto has a list of patient
names, some with stickers, some details, although most of the detailehapgpear to be from
memory. It feels very rushedthe SpR moves on to talk about the next patient while the HO is

still typing. The HO has to insert more rows into one of the tables.

7:33 p.m. The update is done and the SpR leaves the wardy takiscrap of paper with him.
The HO writes down the names of some of the new patients (oneséhadvaon the ward) on a
scrap of papeand says to me that she will ‘grab some stickies’. She comes back with stickers
and from these she gets the patient hospital number and date of birthtargithese onto the
doctors’ list. She then enters a summary for one patient — she doesn’t use any notes and so it
seems that this is from memory. Where outliers have been movee tdAl, she cuts and
pastes from the outliers list to the appropriate places on the MASHistthen makes a second

trip to get stickers.

For patients that are not yet on the ward, she looks them up on ICébftivare used within the
hospital for accessing lab results] and from here copies their hospitaenand date of birth
onto a scrap of paper. She does this for four patients. She gemntiyese into the doetd list.

She searches ICE for a name she was given by the SpR, but thefasgtelling was incorrect.
She corrects the spelling of the name on the list and adds the daté afal hospital number.

She then searches ICE again for another two patients.

She then answers the phoni is the on-take SHO. The SHO gives names of 10 patients and the
HO checks that she has them on the list. There appear to be three that she doesn’t have — she
takes the names and then, after speaking on the phone, addsothlemioctors’ list. She

finishes updating the sheet at 7:55 p.m. and prints 7 copies.

(Fieldnotes, Monday 17March 2008, RR)
By 8 p.m. the upate to the doctors’ list is complete. Copies are printed and taken to the room where the verbal
handover to the night acute medicine team takes place. This provides themigghimedicine team with a

summary of all patients on the MAU, with details of any jobs to be danieh the team can refer to if called to

see any patients on the MAU overnight.
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5. Discussion

We have described the cognitive artifacts used by the acute medicine teamMAUhgaying particular
attention to the doctors’ list. We can consider the doctors’ list as a cognitive artifact designed to provide
awareness, as understood in the CSCW literature, across shiftds Isetition, we consider the role that
cognitive artifacts play in supporting awareness amongst tempoistiipdted teams, what awareness means
within the context of the MAU and the challenge of maintaining awarewigss this setting, and the potential

of awareness as a concept for exploring continuous coverage.

5.1 Cognitive artifacts as tools for awareness

In Section 2, we described studies from CSCW that had explored the roleniiveogrtifacts in the creation of
awareness amongst collocated teams. Here we consider the role that cagtifitiors play in the creation of
awareness amongst temporally distributed teams in the MAU ancederds of those artifacts that appear

relevant to the creation of that awareness

In our account of the work of the medical admissions unit, we seeftottal and informal methods for
communication between temporally distributed teams. The PTWR and the baatitive end of the day to the
night team both provide formal opportunities for temporally distributed g<dancommunicate about the status
of patients on the MAU and tasks that need to be undertaken. However, dhpsrtunities for verbal
communication are not adequate for ensuring continuous care. Thedantors need to know which patients
are on the ward before they receive the verbal handover fromgihieteam on the PTWR, in order to be able to
prepare for the PTWR. At this time, the night team is elsewhere in the hospital. The preparation of the doctors’

list not only helps to organise the PTWR, but it also provides a resourceathdie referred to and used to
organise work through the shift. Similarly, before handing ovethénight team, informal communication
within the team is necessary, because new patients will have beetteddiminis informal communication is
used to update the doctors’ list, establishing a picture of the current state of the ward before handing over to the

night team.

A quick glance at the whiteboard at the beginning of the shift proyutés doctors with an indication of what
happened on the previous shift and a sense of what to expect onrrbt ahift; a full whiteboard with

different patient names from yesterday is a warning of a potentially lorg) nwand and the need to quickly
gather together the necessary information in preparation, while blank sigitiég bedspaces that will most
likely soon become occupied with patients that need to be clerked. The wahitéba public artifact, in the

sense that it makes information synchronously visible to a whole réstgffanembers.

Similarly, the doctors’ list, both in its electronic version and the paper copies, plays a pivotal role in supporting
awareness across shifts, although the features are rather diffetteogecof the whiteboard. While much work
on awareness has highlighted the benefits of situated displaysdBaetial. 2006; Cheverst et al. 2007), a key
feature of the doctors’ list is the mobility of the paper copy, essential when the work of the team is distributed

across the hospital. This allows access to the necessary informatioreesnitels relevant, for example, when
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called to see a particular patient. Such paper copies also enable memberaaftthmedicine team to add
notes to their copy that are relevant specifically to them and to useathtruls to coordinate their work. In this
sense, the doctors’ list is both personal and public. The ability to adapt the doctors’ list to these different roles
suggests malleability and informality, qualities previously highlightsdimportant for cognitive artifacts
(Wears et al. 2006)

5.2 Multiple levels of awareness

Previous work on awareness in the CSCW literature suggests differeas of awareness. For example,
Bardram et al. (2006), based on their study of collaborative waaksirgical ward, talk of the need for social,
spatial and temporal awareness. However, such studies tend toofoqisysically distributed collaborative
work, raising the question of what awareness is required when collaleovadik is distributed across time.
What we see in the MAU is awareness of what we could refer toeibrbader sense of the term, as workspace
awareness but at multiple levels of detail. There is the high level awarenesgdibgia quick glance at the
whiteboard However, for work to be ongoing, for care to be continuouspiming staff need to know not only
which patients are on the ward and where they are located, but alsogbbedt to be completed in relation to
those patients and a summaf the patient’s condition, in order to support completion of the tasks, and it is this

level of awareness that is provided by the doctors’ list.

It is interesting to note thatfiormation about who did what is absent from both the whiteboard and the doctors’

list. This is in contrast to previous studies of awareness amongst physisfiputed colleagues, which

emphasise the need for information about the activities of individual godsa Because of the concept of
functional equivalence on which continuous coverage relies, who did what isnportant for awareness

(although it may be important for accountability).

5.3 Awareness as effortful

While the awareness information needed is limited in scope, our stilg po the effort required by junior
doctors on the day shifé both monitor the work done in the previous shift and to display, through the doctors’

list, the relevant features of their work to those who will be carryinthenvork in subsequent shiffhus it is
add-on awarenessather thanby-product awareness. The nature of asynchronous collaboration niedns t
collaborators do not observe their colleagues at work, their work is invisithertm In other contexts, one can
imagine that evidence of the work may remain, for exampleg@upt of the work, such as a report, completed
or not, or a by-product, whether that is a messy desk, the presermksfrblating to a particular topic, or ideas
sketched out on a whiteboard. However, in the context of the MAU, reegdef work done, and therefore
awareness of what needs to be continued (e.g. samples submittedhtn tlesults of which need to be chased

up) are often hidden within the virtual spaces of the hospital.

The challenge of awareness in the MAU is increased by lack of intageationgst the virtual spaces, leading

to a complex pattern of information flows. The charge nurse updateshitebe@ard but also has to update the
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bed management softwarevhich takes the patient’s date of birth and hospital number from the patient

administration system (PAS). Junior doctors take the patient name fromhiteboard and then use either the
medical record or lab results system to access the date of birth and haspibelr. Information about whether
or not a lab result is ready is contained within the lab results systettmebjunior doctors have to search for the

patient in the system in order to make this information visible on the doctors’ list.

These findings suggest that, if we wish to support continuokerage within the MAU, an appropriate focus
for such efforts would be increasing the visibility of informatisithin the MAU. While our intention in this
paper is to demonstrate the utility of awareness as a concept for ghafdont continuous coverage, rather than
to propose implications for design for a specific setting, it seems wonidering what increasing the visibility
of information within an environment such as the MAU might look likev®us research in healthcare has
highlighted the importance of redundant information within healthoasith, information being repeated in
different places in order to support different practices (Cabitza et al).Z0@5 frustration for us is that most of
the information that appears to be required by the acute medicine team tomeivdegness is electronic and
so it should be possible to continue to have information available in etiffeaxontexts while relieving
practitioners of the redundant effort of writing. For example, @ndd conceive of an electronic whiteboard
that takes data from the bed management system to present an up toptkatetiishere patients are located in
the ward, providing also their hospital number and date of bR#ther than having to ‘chase’ results,
notification of when results are available could be provided. The summdrgetails of jobs could be added
manually and printed versions of the list also produced. We feelubhatas solution, though straightforward,
would provide information about the state of the ward and the statee avork that, while not completely
effortless, is low effort. It incorporates the at a glance awarenegisigddoy the current whiteboard while also
providing a greater level of detail to support the coordination of widnks would result in greater by-product
awareness, reducing the effort required by junior doctors odayehiftto both monitor the work done in the

previous shift and to display their work to those who will be caggin the work in subsequent shift

5.4 Awareness as a concept

As stated before, handover is seen as a key tool in ensuring contimveuage. An assumption in the literature
on handover is that, without the information communicated in theolvancthe ability to assess the status of the
patient and to plan care is compromised (Dowding 208dyvever, rather than focusing on the information that
is verbally communicated in the handover, the analysis presented iragigs Ipas focused on the cognitive

artifacts that provide awareness across shifts.

Previous studies of handover point to other purposes, beyqmbrsing continuity of care, that handovers
serve, such as providing training, team cohesion and suppotafb(iserr 2002; Behara et al. 2005). Others
have pointed to the ‘surveillance’ aspect of handovers, where oncoming staff members assess the completeness

of the work of those handing over (Manias and Street 200@) suggest characterising the primary goal of
handover as being that of ensuring adequate awareness, whiah émalnles continuous coverage. This goal is

not restricted to handovers that take place within healthcare, being relevhahfimvers that take place in any
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organisation that requires continuous operation, such as the police aseérfiees, industrial plants and gas,

electricity, water and telephone suppliers.

Such a perspective is beneficial because it moves attention away frororttentrof handover, itself a form of

add-on awareness, instead encouraging consideration of the varigtgicttes through which those in the
setting display their work to, and monitor the work of, colleaguesdifferent shifts. As noted in the

introduction to this paper, handover is not a foolproof methodmsuring continuity and its role in adverse
events has previously been highlighted. Therefore, moving atteati@y from the moment of handover,
instead increasing visibility of information within the system as aleayhnay be a more beneficial approach.
While we have focused on handover within the hospital setting, we hapethiers will explore the relevance

of these ideas to other organisations that require continuous coverage.

Acknowledgements

We would like to thank the staff members in the MAU, as well as the patidm agreed to let us observe the
handovers where they were discussed. This project is funded Bypgheeering and Physical Sciences
Research Council (EPSRC), grant number: (EP/D078636/1).

References

Albolino, S., R. Cook and M. O’Connor (2007). Sensemaking, safety, and cooperative work in the intensive
care unit. Cognition, Technology & Work 9(3): 1237.

Alem, L., M. Joseph, S. Kethers, C. Steele and R. Wilkinson (28ipporting weekend handover in a medical
ward: a case study. Handover: Collaboration for Continuity of W&&€SCW'07 Workshop,
Limerick, Ireland.

Australian Commission on Safety and Quality in Health Care (2008)OSSIE Guide to Clinical Handover
Improvement. Sydney, ACSQHC.

Bardram, J. E., T. R. Hansen and M. Soegaard (2006). AwareMethiareal snteractive display supporting
social, temporal, and spatial awareness in surgery. Proc. CSCW 2066 Aizerta, Canada, ACM.

Behara, R., R. Wears, S. Perry, E. Eisenberg, M. L., M. Vandefo&hapiro, C. Beach, P. Croskerry and K.
Coshy (2005). A Conceptual Framework for Studying the Safetyanfsitions in Emergency Care.
Advances in Patient Safety 2: 3621.

Bhabra, G., S. MacKeith, P. Monteiro and D. D. Pothier (2007). An e@rpatal comparison of handover
methods. Ann R Coll Surg Engl 89: 23880.

Bossen, C. (2002). The parameters of common information spaceet¢hnegeneity of cooperative work at a
hospital ward. Proceedings of the 2002 ACM conference on Compipigorsed cooperative work.
New Orleans, Louisiana, USA, ACM.

Cabitza, F., M. Sarini, C. Simone and M. Telaro (2005). When once is ngilertbe role of redundancy in a
hospital ward setting. Proc. GROUP'05 Sanibel Island, Florida, USA, ACM.

Cheverst, K., A. Dix, D. Fitton, M. Rouncefield and C. Graham (20BXploring Awareness Related
Messaging Through Two Situated-Display-Based Systems. Human-@amhperaction 22(1): 173 -
220.

Dourish, P. and V. Bellotti (1992). Awareness and coordination in shamgpaces. Proc. CSCW '92 Toronto,
Ontario, Canada, ACM.

Dowding, D. (2001). Examining the effects that manipulatifigrmation given in the change of shift report has
on nurses' care planning ability. Journal of Advanced Nursi(f):3336-846.

Ekman, I. and K. Segesten (1995). Deputed power of medical controldttenimessage in the ritual of oral
shift reports. Journal of Advanced Nursing 22(5): 1006-1011.

Emerson, R., R. Fretz and L. Shaw (1995). Writing Ethnographicrieigld. University of Chicago Press,
Chicago.

Endsley, M. R. (1988). Design and evaluation for situation awarenkas@ment. Proceedings of the Human
Factors Society 32nd Annual Meeting, Santa Monica, CA, Human Factors Society.

19



Fitzpatrick, G. (2004). Integrated care and the working record. Heatthmafics Journal 10(4): 291-302.

Gandhi, T. K., A. Kachalia, E. J. Thomas, A. L. Puopolo, C. Yoo. Brennan and D. M. Studdert (2006).
Missed and Delayed Diagnoses in the Ambulatory Setting: A Study of ClosedabtadprClaims.
Annals of Internal Medicine 145(7): 488-496.

Garbis, C. (2002). Exploring the Openness of Cognitive ArtifacBoioperative Process Management.
Cognition, Technology & Work 4: 24.

Gawande, A. A., M. J. Zinner, D. M. Studdert and T. A. Bren(@803). Analysis of errors reported by
surgeons at three teaching hospitals. Surgery 1332614-

Grainge, C., E. Traer and J. Fulton (2005). Do weekend planesthfudms improve communication and
influence quality of patient care? Postgrad Med J 81: 524-525.

Grayson, D., S. Boxerman, P. Potter, L. Wolf, C. Dunagan, @c&@nd B. Evanoff (2005). Do Transient
Working Conditions Trigger Medical Errors? Advances in Patient Safety-6453

Gutwin, C. and S. Greenberg (2002). A Descriptive Framework of \fWacksAwareness for Real-Time
Groupware. Comput. Supported Coop. Work 11(3): 411-446.

Gutwin, C., M. Roseman and S. Greenberg (1996). A usabilidy sttiawareness widgets in a shared
workspace groupware system. Proc. CSCW '96, Boston, Massts) United States, ACM.

Hammersley, M. and P. Atkinson (1995). Ethnography: principles in praBiingledge, London.

Hayashi, K., T. Hazama, T. Nomura, T. Yamada and S. Gudmundson).(A889ity awareness: a framework
for sharing knowledge of people, projects, and places. Proc. EC8;\Wdpenhagen, Denmark,
Kluwer Academic Publishers.

Heath, C. and P. Luff (1992). Collaboration and Control: Crisisdgdament and Multimedia Technology in
London Underground Line Control Rooms. Journal of Computep@tgd Cooperative Work 1(1):
24-48.

Heath, C., M. S. Svensson, J. Hindmarsh, P. Luff and D. vom (2002). Configuring Awareness. Comput.
Supported Coop. Work 11(3-4).

Hughes, J. A., D. Randall and D. Shapiro (1992). Faltering fronogthphy to design. Proceedings of the 1992
ACM conference on Computer-supported cooperative work, Toronto, Qr€anmada, ACM.

Hutchins, E. (1995). Cognition in the wild. MIT Press, Cambrididss,

Jagsi, R., B. T. Kitch, D. F. Weinstein, E. G. Campbell, M. Hutter aBd\l/eissman (2005). Residents
Reports on Adverse Events and Their Causes. Archives of InternaiMedl65: 2607-2613.

Jagsi, R. and R. Surender (2004). Regulation of junior doctork'ours: an analysis of British and American
doctors' experiences and attitudes. Social Science & Medicine 58: 2181-2191.

Jones, P. H. and C. P. Nemeth (2005). Cognitive Artifacts in Compbek.\mbient Intelligence for
Scientific Discovery152-183.

Junior Doctors Committee (2004). Safe handover: safe patients. Londtish Bledical Association.

Kerr, M. P. (2002). A qualitative study of shift handover practigkfanction from a socio-technical
perspective. Journal of Advanced Nursing 37(2): 128-

Manias, E. and A. Street (2000). The handover: uncovering the hidden pratticeses. Intensive and Critical
Care Nursing 16: 373-383.

Nemeth, C. P., J. Kowalsky, M. Brandwijk, M. Kahana, P. A. Klao#l R. I. Cook (2006). Before | forget: how
clinicians cope with uncertainty through ICU sign-outs. HFES.

Nemeth, C. P., M. O'Connor, P. A. Klock and R. I. Cook §)0Discovering Healthcare Cognition: The Use of
Cognitive Artifacts to Reveal Cognitive Work. Organization Studies 27(7)t-10B85.
Nomura, T., K. Hayashi, T. Hazama and S. Gudmundson (1998). Interl@otkspace configuration
mechanisms for activity awareness. Proc. CSCW '98, Seattle, Washidgtteg States, ACM.
Patterson, E. S. (2008). Structuring flexibility: the potential good, badgindnustandardisation of handovers.
Qual. Saf. Health Care 17:51-

Patterson, E. S., E. M. Roth, D. D. Woods, R. Chow and J. Oe&@2004). Handoff strategies in settings with
high consequences for failure: lessons for health care operatitarsational Journal for Quality in
Health Care 16(2): 125-132.

Payne, S., M. Hardey and P. Coleman (2000). Interactions betwesss muring handovers in elderly care.
Journal of Advanced Nursing 32(2): 14.

Petersen, L. A., T. A. Brennan, A. C. O'Neil, E. F. Cook and.TLee (1994). Does Housestaff Discontinuity
of Care Increase the Risk for Preventable Adverse Events? AnnateroflrMedicine 121(11): 866-
872.

Quin, D. M., A. L. Moulden, S. H. Fraser, O. K. Lee and P. McGarridp92. Evaluation of the acceptability of
standardised clinical handover tools at four Victorian health services. Med J Aydtl Bppl):
S1413.

20



Randell, R., P. Woodward, S. Wilson and J. Galliers (2008). Publigiyatqa the status, durability and
visibility of handover sheets. 21st IEEE International Symposiu@anputer-Based Medical
Systems, Jyvaskyla, Finland.

Ritchie, J. and L. Spencer (1994). Qualitative data analysis for applied pdegrch. Analyzing qualitative
data. In: A. Bryman and R. G. Burgess. Routledge, London.

Schmidt, K. (2002). The Problem with ‘Awareness': Introductorydksmon '‘Awareness in CSCW'. Comput.
Supported Coop. Work 11(3): 28%98.

Schultz, K., P. Carayon, A. Hundt and S. Springman (2007). Care trassitithe outpatient surgery
preoperative process: facilitators and obstacles to information flovhaitccbnsequences. Cognition,
Technology & Work 9(4): 21231.

Simone, C. and S. Bandini (2002). Integrating Awareness in Coopergtpliec#tions through the Reaction-
Diffusion Metaphor. Comput. Supported Coop. Work 11(3): 896-

Strange, F. (1996). Handover: an ethnographic study of ritual imgypsactice. Intensive and Critical Care
Nursing 12: 106-112.

Strauss, A. L., S. Fagerhaugh, B. Sucze and C. Wiener (1997). Sagaali£ation of Medical Work.
Transaction Publishers, New Brunswick, New Jersey.

Turner, P., M. C. Wong and K. C. Yee (2009). A standard opgrptimtocol (SOP) and minimum data set
(MDS) for nursing and medical handover: considerations for flexible stamdtioth in developing
electronic tools. Stud Health Technol Inform. 143: %01-

Wears, R., S. Perry, S. Wilson, J. Galliers and J. Fone (2006). &mgrdepartment status boards: user-
evolved artefacts for inter- and intra-group

coordination. Cognition, Technology & Work.

Wilson, S., J. Galliers and J. Fone (2006). Not All Sharing Is Equal: Tjpactof a Large Display on Small
Group Collaborative Work. Proceedings of the 2006 20th anniversafgreace on Computer
supported cooperative work, Banff, Alberta, Canada, ACM.

Xiao, Y., P. Hu, J. Moss, J. de Winter, D. Venekamp, C. Mackenzie, Fulsaad S. Perkins (2008).
Opportunities and challenges in improving surgical work flow. Cognifiechnology & Work 10(4):
313321.

Zerubavel, E. (1979). Patterns of time in hospital life. Univerditghicago Press, Chicago.

21



