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Abstract

Information flow within medical environmestis ubiquitous and is essential for the
coordination and collaboration among spatially and temporally distributed
multidisciplinary clinicians for achieving workThus, n order to provide the best
possible he#ihcare to patients, nurses working in different shifts must work
collaborativey to ensure all the necessanjormation is communicated so that patient

care can be carried qmoperly.

In this dissertation, | investigate the work practices in use, vibgehow they are

exercised during nur sesao i nformati on f

OV

technologiesTo gain a good wunderstanding of nur s

been developed over years of experience, atepth observational study wesnducted.

This study provides a set of benchmark work practices for comparison and contrast when
new technologies are deployed. While digital solutions have been replacing paper

medical records to provide more consistent, integrated, distributed, aglg sharing of
information current information systems were found to fall short in supporting daily
clinical practices due to its fragmented, hierarchical structure. Besides, many
technological candidates to replace paper, such as Tablet PCs or PDAR) $akshort

due to their constrained interfaces, indirect forms of input (mouse and keyboards),

inability to share multiple documetgs s con«

thinkingo.

In order to apply the knowledge gained through these studithe development
of technologies for a more seamless and less obtriisiveo the working environment
the results of the observational studies were combividd past literature to inform the

devel opment of a concept aianlflowt Thia iramework ik f

useful for evaluating the impact of new technologies on information flow and for

generating new technology designs. This resulted in the development of a technology

prototype which | then evaluated through a focus group oftipnag nurses who

or

indicated promising potential of an integr



of paper personal notes and the organizational deployment of digital medical records. The
insights gained from this investigation led to the dgwelent of a refined set of design
guidelines for developing technologies to
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Chapter 1. Introduction

Information flow within medical environmestis ubiquitous and is essential for the
coordination and collaboration among spatially and temporallstrilited
multidisciplinary clinicians for achieving medical work. However, failure of
communication, particularly during care handovers, has been reported to be one of the
most frequent causes of preventable adverse events to patients (Bates and Géf@&nde 2
Gurses and Xiao 2006, JCAHO 2007, Weingart et al. R00® adverse event is defined

as an unintended injury or complication related to healthcare management, rather than to
an underlying disease (Baker et al. 2004, NSCPS 2002). Effeiivenunicatio and
information flow has been found to help prevent the occurrence of errors and adverse
events in the medical setting, which will in turn benefit patient safety and patient care
outcomes (Baker et al. 2004, Bates and Gawande 2003).

Clinicians spend a ast amount of time dealing with a huge quantity of
informationin the course of providing patient catlrough information flow within the
same profession (e.g., at shift change), across professions (e.g., during multidisciplinary
consultations or when hding a patient over to a different specialty/ward), and between
clinicians and patients (e.g., when performing patient consultations). In particular, nurses
who work in the frontline handle much of the patient information and help to coordinate
the multidsciplinary care among healthcare providers (Allen 1998, Wagner 1383).
research addresses the communication and information flow among nurses in a hospital
setting, paying particular attention to the specific communicatigherfundamentaand
impot ant i nformation f | ow gwhichiumfagtunateijrasmts 6 dai
received adequate attention and technological sudpdect, nurses working in different
shifts must work collaborativelto ensure all the necessanjormation is cormunicated

so that patient care can be carriecoooperly.
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As we move into the Z1century, medical care is making increasing use of
technology Digital solutions have been replacing paper medical records to provide more
consistent, integrated, distriteal, and timely sharing of information (Harper et al. 1997,
Sellen and Harper 2002, Skov and Haegh 20B®wever, the handling of medical
information is oftenstill a mixture of mental recollection, handtten notesdisplayed
informationon white boardsverbal reports, digital recordand printeddocumentation.
Therefore information exists in different media, making it difficult to maintain
consistency among the multimedia information resources. This in turn complicates the
information flow in the medal setting. Therefore, my research investigates how
information is gathered by nurses, passed on during their shift change, and used
throughout a shift.

The goals of this dissertation are to investigate what work practices exist and how
they are used durig nur ses6 information flow and t
development of technologies for a more seamless and less obfiugine the working
environmenfor improving patient safety by supporting frequent information access and

efficient informaton flow necessary for quality patient care.

This dissertation presents andne pt h i nvestigation of nur
paying particular attention to the shift change. | approach this research as a computer
scientist but tls research invoh&investigating and bridging a range of perspectives:
humancomputer interaction, human factors, social fa¢toend technological
applications.My research first investigadghe work practicegurrently taking placein
the nur sesd wowtkeirweorkvsiongamineth diowtit:is carried out, how it
is managed what intermediary artefacts are usadd how it can be supported by
technology.l also investigate the impact of technology deployments on the information
flow practices as a means to understaod technology can be designed to better support

or enhance current practices.

The motivation fothis research was derived from the following premises
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1. Medical practitioners, specifically nurses, would benefit from a system dedelop
enhance informi@gon flow practices by facilitating more effective and efficient
collection, use, and dissemination of information.

2. Saving time in the area of information flow activities will leave more time for nurses
to spend on providing direct patient care.

3. Thestudpf nNnursesd information fl ow practices:c
apply to enhance information fl owtharn ot he
multidisciplinary information flow in the medical setting.

4. The knowledge gained from an infoationcritical domain of healthcare provides a
good potential for application to othesimilar informationcritical or less
informationcritical settings.

The remainder of this chapter discusses the scope and overall research context of

this dissertationglescribes the problem and goals of the research in more detail, explains

the methodological approach used in this research, and provides an overview of the

remaining chapters in this dissertation.

1.1 Background and Research Context

This research investigatasur ses o i nformation flow with e
period Figure 1 illustrates how this research fits into the beoadntextof human

computer interactiorfHCI). HCI is concerned with studying humans interacting with
computing technologies, dn designing, prototyping/implementing and evaluating
technologies to better support human activities for achieving specific goals in a variety of
areas, such as work, education or recreation (Dix et al. 1988)in HCI, my research is

contained in @mpuer-SupportedCooperativeWork (CSCW) focusing specifically on

the use of computers to support cooperative activities.

The next refinement narrows myimary focusto the domain of healthcare
services in which collaboration and coordination among diged multidisciplinary

clinicians are crucial for achieving cooperative wadvky focusis further streamlined to
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nursesd6 information flow while paying part

shift change.

Much research on information flow the healthcare setting has focused on the
development of digital information systems, specifically the Electronic Health Records
(EHRs), by digitizing the patient database and associated documentation to provide
distributed information access with the paimprove the quality of healthcare (Symon
et al. 1996). Despite the benefits of providing more consistent, integrated, distributed, and
timely sharing of information (Harper et al. 1997, Sellen and Harper 2002, Skov and
Haegh 2006), current informatiagystems were found to fall short in supporting daily
clinical practices due to its fragmented, hierarchical structure. For example, clinicians
found navigation in the fragmented structure made it difficult to acquire an overview of
t heir p a t oaneandt vea® moce dimabrisuming for information retrieval and

entry than using paper records (Bossen 2006).

The distributed nature of hospital settings generally entails the need for mobility
in order to bring together the right configuration of peoplegvledge, resources and

Human-Computer Interaction

Computer-Supported Collaboration

Healthcare Services

Nursing

Information flow

Figure 1.1 Research context
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place (Bardram and Bossen 2003, Bardram and Bossen 2005b). Therefore the literature
contains a wealth of research on if and how physical information artefacts that were used
for coordinating work may be supported by technologicaltsmis. For example, large
whiteboards used in a surgical unit to support group discussion and negotiation, and
provide an overview of the current operation could be replaced by large digital displays
to support these practices by allowing joint manipatatof the display objects and
enhancement by users to meet the needs of their dynamic work (Xiao et al. 2001).
Another study that investigated how a network of physical artefacts that supported
nursesd6 work revealed that albovwe oformaiidnoagi es ¢
decouple from its representation so that different views of the same information could be
displayed to meet different needs, tasks, working contexts and settings (Bardram and
Bossen 2005a).

Studies of paper artefacts in work contextgealed various difficulties in designing
technologies to imitate or replace the unique affordances offered by regular paper, such
as its flexibility and portability. Many technological candidates to replace paper, such as
TabletPCs or PDAs, seem to faliost due to their constrained interfaces, indirect forms
of input using mouse and keyboards, the inability to share multiple documents
concurrently (Heath and Luff 1996, Harper et al. 1997), and remarkably their failure to
suppor t-asii Wi n ki hnegab 20047 & other words, one of the most valuable
characteristics of regular pen and paper a
processes, e.g., in determining a differential diagnosis (Ash et al. 2004). These studies
strongly pointedo the need to design technologies which, when replacing regular pen
and paper artefacts, do not lose the often unrecognized valuable properties of pen and
paper (Heath and Luff 1996, Harper et al. 1997).

Shift change is a crucial element of the continumibrmation flow between
various staff members across shifts and is thus essential to the continuity of patient care
(Currie 2002, Strople and Ottani 2006). Information communicated during shift change
provides incoming cl i nvacridaon s( Baairtdhr afimt haen dp i Bcc

Harper and Hughes 1993). However, communication failure maisging information
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during shift changéave beeriound to be contribiing or causal factors in many clinical
mishaps (Currie 2002, ACSQHC 2005trople and Ottan2006) such asiwrong
treatment, delays in medical diagnosis, life threatening adverse events, patient
complaints, increased health care expenditure, increased hospital length of stay and a
range of other effects (AQBQHC200Bhpact on t he

Previous studies on medical shift change mostly focused on a specific aspect of the
process. Some studied the benefits and drawbacks of a particular handover practice such
as bedside handover, audiaped handover handover conferencewritten and
computerized shift reports, and examined if one handover style should be replaced by
another (Currie 2002, Strople and Ottani 2006). However, they did not find any particular
practice as superior. Some investigated the content of information communioctie: a
ways to improve the handover efficiency (e.g., Baldwin and McGinnis 1994, Berg and
Goorman 1999, Hardey et al. 2000, Strauss et al. 1985). From these studies, | have gained
considerable insights into the processes and challenges for effectivehahife.

However, these studies did not take into consideration how the information flow
practices at shift change fit into the continual information flow during their shift work
and how that may be supported by technologies. For example, many studies have
identified that individual nurses created and used a paper artefact for the collection of
information during shift change and for use in their shift work (Allen 1998, Fitzpatrick
2004, Hardey et al. 2000). Mobile technological devices (e.g., PDAs) were th
introduced tof a<eipil@arcedd hii rsf oironhadt i on resour
access and noteking at the point of care (e.g., Silva et al. 2006). Yet, these devices
generally lack the valuable, perhaps unrecognized, affordances that pepaperd
artefacts offer for supporting clinicians:¢
2005, Silva et al. 2006).

Therefore, my research takes a holistic approach to investigating the dynamics of
information fl ow t aki hagge aslwallcasthedcantinuatgseai ur s e
information throughout their shifts. My goal is to expand our understanding of these

practices and use this understanding to inform the design of technology to enhance
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nursesb6 current i nf or ardainingovalualfld worsupgortirgyc t i ¢ e S

characteristics that are crucial to their work.
1.2 Problem Statement and Research Hypothesis

The problem addressed in this dissertation is that deggit@nces in information
technology in the last few decades that haweserably changed the way healthcare is
delivered, current information ec hnol ogi es do not effectiwv
practices around information flow. This is likely becatisere have been few studies on

i nvestigating t he ongtioraflow racticesfand nconseguergly i n f

insufficient information to inform the design of relevant and supportive technology.

Whereas EHRs have increasingly replaced or supplemented qagsed
documentation to allow quick information access across ldigéd locations, their
hierarchical structure makes information access and entry cumbersome and time
consuming. Similarly, while mobile digital devices are prevalently deployed in hospital
settings to allow mobile access to medical information, these etevarely afford an
intuitive mode of interaction for accessing information at points of care (Cohen and
McGee 2004, Lu et al. 2005). Thosgany clinicians persistently rely on paper personal
artefacts(e.g., personal notes written on a note pad or a faet and carried around)
that they informally use in the course of their work (Hardey et al. 2000, Fitzpatrick 2004,
Tang and Carpendale 2007a&). fact, the importance of paper personal artefacts to
support effective information flow in patient care hag well recognized (Allen 1998,
Hardey et al. 2000, Silva et al. 2006). Notably, they offer flexibility of use with ongoing
tasks (Luff et al. 1992, Mackay 1999, Sellen and Harper 2002, Nomura et al. 2006);
newly emerging information can be easily addedhiese paper artefacts during work in
progress. In contrast, the process of updating information via digital devices such as
PDAs or Tablet PCs is slower (Silva et al. 2006). As part of their information flow,
nurses have to manually transpose the inftiondrom their handwritten notes on paper

artefact into the digital EHR due to the divide between the paper and the digital medium.
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Unfortunately, this process is not only troensuming but is also prone to errors

(Zamarripa et al. 2007).

Given this corgxt, | set myself the research goal to design technological solution

to support nursesd6 actual work practices (

As a preliminary step to the design process, a better understanding of the basic
existing practicesof information flow is needed in order to identify areas where
technological support would enhance the work practices. In addition, these basic
practicesy i el d a rich set of #fAoriginal o0 practic
comparison and corast with the findings from later periods of data collection, e.g.,
when technological interventions are appli@thus, he central research hypothesis of
this dissertation is that sinsgtdwiliinfiogpnandur s e s 0
facilitate the design and development of technology to enhance information flow and

work practices.

1.3Research Goals

The research hypothesis will be addressed through the following research activities: an
in-depth investigation of the basic practices of informafioh ow dur i ng nur s
change to acquire a thorough understanding of current information flow practices; a
focused investigation of the impact of the deployment of a mobile information
technology to inform technology design; the development of a ctuaddpamework that

can be used to assess technologies and generate technology designs for supporting
nurses6 information fl ow,; an investigation
voice communication technology to identify how existing informatftmw may be

enhanced; the technology designs based on the studies; and the prototyping and
evaluation of a technological approach f or
activities define the six research goals of this dissertation. The followsireg more

detailed breakdown.
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Goal 1.To acquire a thorough understanding of the basic information flow practices
focusingonnur ses 0 s Ho &chievecthisagoal, @ conducted an observational

field study in a local hospital ward, focusing on theibaynamics of the information

flow processes, the information sources involved (including human and physical
intermediaries), the information content communicated, and how information transitioned
across common and personal information spaces. Thesmatfon flow practices yield

a rich set of Aoriginal 0o practices that o

contrast with findings from subsequent data collections.

Goal22Tounderstand the i mpact of technology d
flow. To achieve this goal, | conducted an observational study at two different time points

to investigate shortand longterm phenomena as a result of the deploymémat mobile

i nformati on t ec-omwhleed v,0. Adompruteest i gat ed |
supported or impeded current practices focusing on the technical, social, health and

organizational issues.

Goal 3.To explore the possibility of formulating a framework that can be used to

assess and generate technology ideas, based on the findings frooalGlL and past

literature . To achieve this goal, | conducted detailed analysis of the field notes and the
personal artefacts collected from the study in Goal 1, together with distiiment of related
literature, to identify important factors and their impantthe information flow. | used

this knowledge to develop a conceptual framework, InfoFlow Framework, which can be

used to describe existing information flow, to aid in the analysis of data for assessing
technology in use, and to inform the design of necthnol ogi es for supp

information flow.

Goal 4.To demonstrate the applicability of the framework by using it to assess the
impact of newly deployed technology on information flow.To achieve this goal, |
conducted an hsitu qualitative field study to investigate how a mobile voice
communi cation system impacted nurseso i nfoc

was structured with the framework factors represented in @dfisk diagram to provide
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an overview visualization of the technolodgployment and to help focus the analysis of

the phenomena impacted by the framework factors.

Goal 5.To further demonstrate the utility of the framework by using it to generate

new technology designTo achieve this, | used the framework to generatt afsdesign

goals which were then used to guide the development of technology design for enhancing
nur ses o 1 nf dherbastsiofbthe déslgro goals lies in the importance of
supporting work practices that nurses have established and adjustedh thheug
practical experience on the job, which were identified in the field studies in Goals 1, 2,
and 4.

Goal 6.To prototype and evaluate a technologicahpproachf or supporting n
information flow and using this experience to refine the designuydelines for similar

systems.To achieve this goal, | identified a salient work practice phenomenon that was
common in the studies in Goals 1 and 2. This work practice was selected because it was
found to be cruci al f o r hrheatavhile at tha samentgne,n ur s e
was inefficient. Thus it appeared to be a potential area for technological support. |
prototyped a technological approach identified in Goal 5 integrating paper and digital
media for supporting the work practice. | also coéddca focus group evaluation to
examine the technology design on its pote
resulting in a refined set of guidelines for designing and developing technologies for

supporting nurses6 information fl ow.
1.4 Methodological Approach

A gualitative inquiry conducted in a naturalistic réfd setting using mixed traditional
methods-- observations, participant interviews and examination of artefactsas
chosen to investigate i nf or ma thospital settihgow dur
The naturalistic setting, in contrast to a laboratory setting, allows a holistic approach
which promises a richer quality of data collected and offers insights for an enhanced

understanding of the practice realities auibtleties in comixt (Adler and Adler 1994)
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Field studes allow us to collect evidencef t he Al i ved Maotswkodeto f
al. 2003) that includepisodes from real lifeHayes and Abowd 2006nd issues that
may remain unnoticedsingother study method8€élka and Kahnamoui 200%Vilson et

al. 2007. Thereforegualitative field studiesvere deemed the best method in providing a
meaningful guide to inform technology desighat canmost likely support work
practices (Ash et al. 2008|cGrath 1995, Strauss &9, Strauss and Corbin 1990).

My research goals align with the following goals of qualitative studies (Maxwell
2004, p.2223).

o AUnder st andi mantexiwithen which thé paciaipbnés ract, and the

influence that this context has on their actiai ,

[ ]
=1}

| d e n tunahtigipatedgphenomena and influences, and generating new,

rounded theorieso,

«

[ ]
=1}

Under st procdsstbryg wthhech events and act.i

Moreover, qualitative inquiries, or field studies, provide the opportunity for

researchis to acquire knowledge of the domain and to develop common, shared
knowledge and language with the participants (Kristensen et al. 2006). In contrast to a

predetermined and rigidly structured research design as in controlled experiments

(McGrath 1995), he naturalistic character of field studies encourages the qualitative

researcher to fAnanalyze as he goes along

t

some emphasis towards those experiences which bear upon the development of his

understandingand generally, to exercise control over his emerging ideas by virtually

h e

ons

bo

simultaneous checking or testing of these

Also, field studies may provide evidence of negative instances which will in turn lead to

further data collection and analysis and strengthen the interpretation of théfaeal
setting (Marshall and Rossman 1999, p.152).

However, a potential weakness of direct observation is its potential intrusiveness,

i.e., the potential impact of observation on biehaviour and performance of participants

being observed. This type of phenomenon has been called the reactive or Hawthorne
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effect (Patton 1990). To minimize this aspect of qualitative research it is best for
researchers to remain as unobtrusive as pessibting the observations. Moggridge
(2006) suggested that researchers shoul d
notices. I f a researcher manages to Afade
the researcher s6 prdosrendperformance gheouldbe minipah nt s 6
(Carpendal008, Lally 1999).

Qualitative data are generally complex and the raw data themselves may have no
i nherent meanings (Drury 1995) . Thus thei
t hinki mgodl 9(9FPat tpo. 434) to bring Aorder, stru
collected datao (Marshal/l and Rossman 199¢
theory research approach was used for the analysis of the collected data throughout the
researchprocess. This coding method begins with breaking up the collected data into
events, happenings, objects, actions, and interactions according to a set of loosely defined
descriptors or codes derived from an initial understanding of the collected data. Then
through iterative comparison for similarities and differences, the data are grouped under

more complete and more focused coding scheme (Strauss and Corbin 1990).

1.5 Results and Contributions

This research builds on previous literature on the practices pudrtioe general
information flow in healthcare settings and also more specific information flow during
shift change in higheliability domains including healthcare. It contributes expanded
understanding, original ideas, knowledge, and practices to the ieldumarComputer
Interaction (HCI), ComputeBupported Cooperative work (CSCW) and healthcare

services research. There are six major contributions from this research.

¢ It identifies the basic dynamics, practices, and information media which facilitate
inf ormation flow during nursesd shift worl
previous research focused on a few aspects and studied the process of shift change as

a single activity via a single medium, e.g., verbal shift handovers or written shift
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reports. The results from previous research have not been articulated to inform the

design of technologies to support the information flow.

¢ |t identifies both shorterm and longerm impacts of the deployment of a mobile
information technologyo n n u r grmatian flow npractices with respect to
technical, social, health and organizational issues. It also identifies factors explaining
the adoption, or neadoption, of the new technology. This technology was compared
wi t h t-fhas hiiioodnde d o phat@re rcurrentty trefiefld aymoh as bedside
information resource. The findings helped point to design directions for technological

solutions to facilitate the information flow.

e |t develops a conceptual frameworknfor nu
be used to describe information flow, assess new technology in use, and generate

technol ogy designs to support nursesod inf

e |t demonstrates that the conceptual framework can be used to generate a set of
effective communication strategies iain are then used to guide the assessment of the

impact of newly deployed technology on information flow.

¢ |t demonstrates that the conceptual framework can be used to develop a set of design
goals which are then used to generate technology design torsupponur s es o

information flow.

o |t demonstrates that a technol ogi cal sck
practices of information flow. The qualitative focus group findings demonstrate that
gualitative research that involves-deepth investigation ofbasic practices for
information flow and subsequent investigation of the impact of new technologies can
result in a supportive system design for current work practices around information

flow.

In addition, several aspects of the approaches used in thesstotducted in this
research proved particularly valuable and can be generally applied in studies for
evaluating new technologies. The following insights gained both confirm qualitative

research practices and are recommended for future studies to conside
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First, through irdepth investigation to establish a baseline for future studies
provides important benchmarks for evaluating new technologies (e.g., Wallace and
Lamaire 2006). Second, it is important to evaluate against established objectives yet also
remain receptive to discovering unexpected outcomes of new technology (e.g., Wilson et
al. 2006). Third, the use of a triangulation of research methods shows clear benefits to
study the research problems. For exampl@ect observations help to identify
phenomena that participants may not report (Alder and alder 1994, Drury 1995) whereas
interviews are useful to determine partici
(Dix et al. 1998 pp. 432)Fourth, conducting data collection at different tifn@mes
helps uncover sherand longterm phenomena (Denzin 1989 pp. 237). This in turn helps
direct resources to improving desired issues. Fifth, examining artefacts collected at
different times provides a convenient way to identify how they are actusgly (Denzin
1989 pp. 237, Tang et al. 2009) since it is generally-toressuming and labotintensive
to follow participants in order to find out how they use artefacts. Finally, an analysis
method that combines framewedbased communication strategiesida fish-bone
representation (Ishikawa 1960s) was developed in this research for investigating impact
of new technology (Chapter 6). These practices and approaches will be discussed in more

detail in the remaining chapters.
1.6 Organizational Overview

The organization of the remaining chapters reflects the qualitative research
methodological approach of this work by first presenting the study that was originally
performed to explore the basic dynamics of
and a summar of the findings for informing technology design for supporting the
specific information flow during nurses?®o
findings from this study made it an ideal candidate to be served as benchmarks for
comparison and coratst with findings collected in subsequent opportunistic studies when

new thirdparty technologies were introduced. The understanding gained from these
studies |l ed to the design of a technologic
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which was tha prototyped and evaluated. Figure 1.2 shows an overview of the studies
conducted in this research indicating the information and communication technologies
available at the time of each study. Vocera is a mobile voice communication system that
will be desribed in Chapter 6. Patient care summaries are abbreviated paper medical
records that were printed at the beginning of each shift for use during the shift. TDS and
SCM are both digital healthcare information systems. TDS is a Disk Operating System
(DOS)based information system that was first built in mid 1960s whereas SCM (Sunrise
Clinical Manager) is a hierarchicaistructured Windowsased information system that

has the ability to connect multidigseiplina

Chapter 2 sets the foundations for this dissertation by first presenting a brief
overview of shift change in other higkliability domains, then a review of research

conducted to investigate shift change in the hospital setting, followed by previous
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Figure 1.2 Timeline of the studies conducted in this research indicating the computing
technologies available at the time of the studies (Vocera i a mobile voice communication system,
Patient care summary i abbreviated electronic health record in paper, TDS T a legacy electronic
health record, and SCM i a new electronic health information system)
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research that investigated important characteristics of medical settings as pertains to the
information flow. This review takes a multidisciplinary approach, drawing in relevant
findings from the humacomputer interaction, computsupported cooperative ofk,

healthcare services, and human factors literature.

Chapter 3 presents the first observational study of this dissertation. The focus of
this study was on understanding the basic
shift change. This study idgfied the processes, the information spaces, the artefacts, the
media, and the information content involved in the shift change. This study highlighted
the importance and personalization of paper personal notes that played a crucial role in
nur s e swork. dtdricth tindings were later used as comparison benchmarks with

subsequent studies described in Chapter 4 and 6.

Chapter 4 describes a field study conducted at two time frames to investigate the
impact of the deployment of a mobile information tembgy, computeion-wheels, on
nurseso information fl ow. The | ongiandudi nal
long-term phenomena resulting from the technology deployment. The findings could help
direct resources to improving specific issues. Thiapter ends with several suggestions

for designing technologies to support nurs

Chapter 5 presents a framework that can be used to assess and generate
technol ogy designs for supporting nur ses.
devebped from the findings from the baseline study described in Chapter 3 and
distilment of past literature. It consists of six intelated factors that were found to be
important to the information flow. A list of questions centred on the framework fastors
provided to serve as triggers when describing information flow, assessing new

technologies, or generating technology design.

Chapter 6 describes an observational study to investigate the impact of the
deployment of a mobile voice communication  system, océra®
(http:// www. vocera.com), on nursesd i nform
study was based on a set of observed communication strategies derived from the

framework factors. The findings were then organized as pertain to the framewtoris fa
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in a fishbone diagram to provide an overview visualization and a focused assessment of
the information flow as impacted by the new technology. Both positive and negative
impacts that were salient in the analysis were discussed and several dedejmexsui

were proposed.

Chapter 7irst presentsa set of design goals generated from the framework, based
on findings fromthe field studiesdescribed in Chapters 3, 4, and 6. These design goals

were then usetb inform technological design for supportingur ses 6 i nf or mat i ¢

Chapter 8 describes a prototype of the technology proposed for supporting a
salient work practice cruci al to nurseso i
was conducted through a focus group study. Feedback and soiggést improvements
were obtained, indicating its potential to

dynamic work environment.

Chapter 9 concludes the dissertation by indicating how the research goals have
been addressed by this work. Thentrioutions of this work are then summarized.
Finally, the chapter discusses possible future research directions that could further the

research ideas developed in this work.
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Chapter 2. Background

Continuous uninterrupted operation is crucial s wide range of wdr environments
ranging frompatient safety in a hospitalp smooth operation ofthemical processing
plant, tosafe operation of a space shuttle mission. The fact that no human can work
continuously without rest and that operations cannot be entirely atédmvia
technology makes shift work inevitable for achieving such continuous operafiss,

shift change plays a crucial role to ensure continuity of the operation across shifts.

Previous studies on shift change mostly focused on how informationamadgdh

over to the incoming operator (e.g., Bentley et al. 1992, Bertelsen and Bodker 2001,
Grusenmeyer 1995, Harper and Hughes 1993, Patterson and Woods 2001). Thus shift
change is commonly known as shift handover or handoff. These terms literally refer to
Ainformation pusho (De Haan 2000) by the
However, many studies actually revealed that incoming operators also pull information
from a range of information artefacts or simply by observing to acquire a better
understanding of the operation (e.g., Grusenmeyer 1995, Patterson and Woods 2001).
Therefore, I pref er uthkd progessiinsvhichfintormatibndlong e 0
takes places during the shift transition between outgoing and incoming operators

Shift change practices vary considerably across domains and may also be
different across organizations, departments and work teams within the same domain.
Practices range from fade-face communication between two persons involving
minimal information exclnge tohighly complex practicemvolving multiple people of

different professionand spatiallydistributed information resources.
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In the medical setting, communication and information flow is ubiquitous and
accounts for a substantial part of healthqgareact i ti oner so6 daily r ol
interactions in varying contexts and information sharing across temporal and spatial
dimensions (Bardram and Bossen 2005a, Bossen 2002, Schmidt and Bannon 1992). Yet,
communication failure has been found to he tost frequently cited root cause; 65
70%, of adverse events by the Joint Commission on Accreditation of Healthcare
Organizations (JCAHO 2007). Besides, communication that occurs in the process of
passing patierspecific information from one caregiveo tanother from a team of
caregivers to another team, from one healthcare orgammztdianother, etc., has been
identified to be higkrisk with respect to patient safgtyCAHO 2007)

Therefore, my research initially focused on information flow duringns e s 6 s hi f
change in hospital settings. However, as my research progressed, it became clear that
shift change is integral to the continual flow of information. Thysresearch extends to
also studyhow information gathered during shift change isuseddhu ghout nur ses
and my goal is to design technologies to support that information flow.

Before effective technologies can be developed to support information flow in
hospitals, it is useful to first understand how shift change has been succesdiidled
in other highreliability domains. Besides, as shift change is a crucial part of continual
information flow in hospital shift work, understanding general information flow in the
hospital settings will be an asset. Therefore, to provide a gamedalstanding of this
broader context, Section 2.1 first reviews shift change in critical settings. Section 2.2
focuses on shift change in hospitals, and Section 2.3 provides a characterization of
hospital work. | also highlight the technological suppastrently available in each

domain/setting.
2.1 Shift Change in High Reliability Settings

This section presents shift change taking place in high reliability settings, i.e.

Aforganizations with =zero tolerance for er
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caastrophic consequenceso (Lutters and Ack
shuttle mission control center, air traffic control room, nuclear power plant, offshore
petroleum facility and hospitals. Medical settings will be discussed in later sections. This
section focuses on other highliability settings to review the goals of shift change

(Section 2.1.1), typical phases of shift chan@ection 2.1.2), example incidents
contributed to or caused by errors during shift chgfgetion 2.1.3), documenteduses

for shift change errorgSection 2.1.4), strategies that can facilitate shift change
effectiveness (Section 2.1.5), and technological support for shift ci&aggion 2.1.6).

2.1.1Goals of shift change

The primary objective of shift change is to ensureatim continuity of operations from

one shift to the next. However, depending on the nature of the setting, the focus of shift
change slightly varies. Examples include preventing any breaks in the production process
(e.g. paper mill plant Grusenmeyer 1995ensuring the operation will continas if the
operator had never been replaced (e.g. space shuttle mission control- deatterson

and Woods 2001), striving for a complete transfer of information with a minimum
amount of workload (e.g. air trafficontrol in USA - FAA 2008), and providing the
controll ers a gebthenptoré gaod ndmeptelimidd aof o6 t he
current status of the operation (e.g. UK air traffic contr@lark and Brennan 1993
Harper and Hughes 1993). A mental modehn internal representation of some aspects

of the world and its processes. Via mental models it is possible to develop an
understanding of factors such asedting and the relationships between variasigects

of the setting which help shape behavi@md guide the approachakento solving
problems and carrying out tasf&/ikipedia).

Based on thorough literature reviews on adverse events in various industrial and
medical settings where failures of communication or misunderstanding at shift change
wereidentified as causal or contributory factors, Lardner (1996) defined shift change as

fito achieve accurate, reliable communication of tsdkvant information across shift
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change, thereby ensuring continuity of safe and effective warkihgis definition has

since been frequently cited in publications.
2.1.2 Shift Change Process

Standard Operating Practice (SOP) is established in manyrddighility organizations

to guide how shift change should be conducted in order to achieve the desired outcome,
i.e. toachieve accurate, reliable communication of 4a&d&vant information across shift
change, thereby ensuring continuity of safe and effeatpperation. Although shift
change is conducted differently across settings, it is generally composed of three phase
pre-handover, handover meeting and plaabhdover Grusenmeyer 1995The degree of
structuredness of the shift change process appeared to be proportional to the level of
reliability of the organization. In addition, shift change taken place in settiiigeut a

SOP usually relies on the experience of relevant personnel to ensure smooth continuation

of the operation.

Pre-handover. Incoming personnel acquire information by observing the operation
(Patterson and Woods 2001, FAA 2008, Harper and Hughes),189%ling relevant
documentation (e.g., logs) and information displays (e.g., Figure &dsénmeyer
1995 Patterson and Woods 2001, FAA 2008, Harper and Hughes EfB)istening to
ongoing communicationsP@tterson and Woods 2001, FAA 2008, Harpedt Blughes
1993)to build a mental model of the current operation while outgoing personnel continue
the ongoing operation. For instance, the SOP stipulated by FAA (Federal Aviation
Administration) requires incoming air traffaontrollers to follow a detad checklist to
review various aspects of the operation before they can indicate to the outgoing flight
controllers that the position has been previewed and they are ready for the handover
meeting (FAA 2008).
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Figure 2.1 Large displays in space shuttle mission control room to provide at-a-distance view
(Patterson et al. 1999, pp. 355)

In an UK air traffic control room, the controllers spent 5 to 10 minutes watching
over the shoulders of their predecessore fibui |l d up a ©pictureo
specifically of what was happening in the sector before taking over the position (Harper
and Hughes 1993). In other settings where operational information was not readily
available for reviewputgoing personneblould then construct a detailed summary of the
activities and plans achieved, altered and unfinished in the previous shift that needed to
be transferred to the next shi@fusenmeyer 1995Yhus, prehandover is important for
incoming personnel to acquieebasic set of knowledge so that they are prepared for the
handover meeting in which questions and topics specific to the activities to be performed

in their shift will be addressed and discussed.

Handover meeting.Handover meeting is vital to shift chang highreliability settings
as it allows outgoing and incoming personnel to verbally check for shared understanding
of the operation and subsequent pl an of
operation Grusenmeyer 1995Patterson and Woods 2DOFAA 2008, Harper and
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Hughes 1998 These handover meetings were always conducted where relevant

equipment was located so that needed information was readily available.

Some handover meetings also involved multiple gladses to ensure information
was a&curately transferred. For example, handover meetings in the space shuttle mission
control room began with a verbal ene-one meeting between outgoing and incoming
controllers of the same position. Both controllers asked questions of each other tp clarify
to check for understanding and to ensure all needed information had been discussed.
Then team communication was conducted over a voice loop which allowed distributed
controllers of different positions to remain at their console while outgoing controllers
listened in to the communication and made necessary corrections and clarifications over
the voice loop (Patterson et al. 1999). This allowed all the distributed controllers of
various disciplinesto check for a shared understanding of the situation follgw
individual position handovers. The mudtiage handover practice enabled incoming
controllers to acquire not only the current operation status pertinent to their own position,
but also the overall operation of the mission. In this way, they would tber leguipped
to deal with any unexpected contingent situations that might occur during their shift.
Thus handover meetings are vital for incoming operators to acquire a shared

understanding and a mental model of the operation.

Posthandover. This phaseignifies the end of a shift change as the incoming personnel
assume full responsibility and authority for the position they take over. Shift change in
critical settings is often characterized by a clearly marked transfer of responsibility and
accountabiliy. For instance,controllers in the space shuttle mission control room
explicitly transfer responsibility to their incoming colleagues. First, incoming controllers
switched from the alternate voice loop to the primary channel. Second, the outgoing
Flight Director officially announced the relief of outgoing controllers over the designated
voice link. This standard practice made the transfer of responsibility explicit and clear to

all personnel involved.

The transfer of responsibility was carried out someawdiHerently in the air

traffic control room. Incoming controllers verbally informed their outgoing colleagues
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that they have assumed the duties. But the outgoing controllers would normally oversee
the position operation until they were sure that the aifmr was smoothly overtaken.
Then they signed off the position and physically left the control room. In both settings, an
explicit transfer of responsibility and authority was employed to signify the end of the

outgoing personnel 6s shi ft.
2.1.3Incidents Relatad to Shift Change

There are many reported cases of accidents related to shift changes-ialialgtity

domains. Several examples will be used to demonstrate the extent of the possible impact
due to communication failure during shift change. In 198&%rge amount of highly
radioactive liquid discharge was accidentally released to a public beach in Sellafield,
England, by British Nuclear Fuels Ltd, because the written shift report wesestsibed

across several shifts and eventually misinterpretedrbyncoming shift as suitable for

di scharge to sea, anal ogous to the outcome
whi sperso. This contributed to f-Hadgkinseen t i
lymphoma than the national average in a town mles from Sellafield ten years later

(Lardner 1996).

Another accident that occurred in a chemical processing plant in 2005 led to the
Texas City fire. The fire was caused &Yylooding of an isomerisation column as a result
of miscommunication betweenehnight and the day shift operators. This catastrophe led
to 15 deaths (Nimmo 2006).

Moreover, the 1988 Piper Al pha disaster
worst offshore oil disaster killed 167 people when an offshore oil platform in the North
Seaexpl oded and then burned. This resulted
report that a valve was removed from the backup pump for maintenance, and when the

incoming shift workers used it, it exploded (Cullen 1993).

Many other shifichangerelatedaccidents have also been reported in the aviation
industry (Parke and Kanki 2008). In fact, a U.S. study found that 25% of all operational



25

errors took place in the first fifteen minutes after shift change in air traffic control centers
and terminal radarantrol facilities (Parke and Kanki 2008). Thus shift change has been
identified to be a key area for improvement in many high reliability settings such as air
traffic control, space shuttle mission control, nuclear power plants, and health care (Parke
andKanki 2008).

2.1.4Common Causes for Shift Change Errors

The following common sources of errors have been identified to contribute to or cause
adverse consequences in higliability settings (Patterson and Woods 2001,

Grusenmeyer 1995).

Incoming operator hadhancorrect or incomplete mental model of the operation,

Incoming operator was unaware of significant data or events, i.e., missing

information,

¢ Incoming operator lacked knowledge to deal with impact from previous events

and to anticipate events for panfning relevant tasks,

e Incoming operator unwarrantedly altered goals, decisions, priorities or plans
without considering the overall operation or consulting other pertinent personnel

or documentation.

e Outgoing operator focused on the work that has beemed out rather than on
the diagnosis of the situation for anticipating events,

e Handover meeting was hastily conducted resulting in incomplete transfer of

information.
2.1.5Strategies for Effective Shift Change

Studying shift change in a paper mill industmplant, Grusenmeyer (1995) recommended
several important guidelines when conducting shift change. For example, she
recommended practising verbal communication between incoming and outgoing

personnel, providing aids such as a log book to facilitate themation transfer,
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avoiding making changes to planned activities during shift change, and clearly
identifying the tasks to be performed in the next shift which was later described as a
fipredictive diagnosis of the situaton ( Par ke and Mi shkin 2005) .

After a thorough literature review on shift change in a range of industrial and
medical settings focusing on incidents where failures of communication at shift change
were found to be contributory or causal factors, Lardner (1996) added several strategies
for effective shift handover communication. He included the need to communicate via
more than one medium (e.g., verbal and written), encouraging feedback at handover for
clarification of ambiguity, more thorough handover after a prolonged absence of the
persanel, focusing on key information needed for the continual work while minimizing

irrelevant information.

Then a set of 21 communication and coordination strategies for shift handoffs was
identified from observational studies in four settings with higlhua consequences, as
indicated by S1 to S21 in Table 2.1 (Patterson et al. 2004). These strategies have since
been widely cited in studies on shift change. The settings studied were a space shuttle
mission control, two nuclear power generation plantgileoad dispatch center and an
ambulance dispatch center. Fdodace verbal updating between incoming and outgoing
personnel was practised in all the settings. Thus a number of the strategies aimed to
improve the effectiveness and efficiency of the aérbteractive updating. Most of these
strategies were reported to be consistently used in the four settings. Two thirds of these
strategies aimed to help improve effectiveness of shift handoveiS1@] half of which
also helped improve efficiency (§84). Others aimed to increase access to data (S15
S16), to improve coordination with other pertinent personnel-&8j, to enable error
detection and recovery (SE20), and to delay transfer of responsibility until the
operation has been stabilized ($2Although these strategies were developed from shift
change studies in various settings, most of the strategies appeared to be based on and are
more applicable for shift change in space shuttle mission control environments. This is

likely because the datcollected in the other settings were originally collected for other



purposes. As a result, several important strategies recommended in previous studies in

other settings were not included.

Based on European and American literature on shift changehsrislgdomains,
Parke and Mishkin (2005) also proposed 22 best practices for effective shift handovers

that were to be used as a checklist when conducting handovers. Their recommended best

practices showed

strategies. They added an important strategy: to promote a safety culture by proactively
identifying potential problems before they occur (S28). In another study to investigate
shift handovetrelated incidents by examining NASA Aviaticsafety Reporting System
(ASRS) maintenance incident reports involving shift change communication problems,
Parke and Kanki (2008) proposed checking previous work as a means to stop error
dnpied Eable22.11 ) .

which shows an accumulation of these strategies for achieving effective shift change.
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Table 2.1 Recommended strategies for effective handoffs (S30 marked xx was recommended in

Parke and Kanki 2008)

Strategies

Grusenmeyer

1995

Lardner
1996

Patterson
et al. 2004

Parke &
Mishkin
2005

S1. Facdo-face interactiv,

questioning

update with

S2. Additional update from practitioners oth
than the one being replaced

S3. Limit interrupions during update

S4. Topics initiated by incoming as well |
outgoing

S5. Limit initiation of operator actions durin
update

S6. Il nclude outgoin
changes to plans and contingency plans

S7. Read back to eore that information wa
accurately received

S8. Outgoing writes summary before handoft

S9. Incoming assesses current status

S10. Update information in the same or¢
every time

B



28

S11. Incoming scans historical data befi
updde

S12. Incoming receives automatically captul
changes to sensdierived data before update

S13. Intermittent monitoring of system stat
whileabdbml

S14. Outgoing has knowledge of previous sl
activities

S15. Incoming reeives primary access to tf

most upto-date information X
S16. Incoming receives paperwork th X
includes handwritten annotations

S17. Unambiguous transfer of responsibility X
S18. Make it clear to others at a glance wh

personnel areesponsible for which duties at

particular time

S19. Overhear others

S20. Out goi ng oversees

following update

S21. Delay the transfer of responsibility wh

concerned about status/stability of process

S22. Clearly identify tasks to perform in th .
next shift

S23. Communicate via more than one mediu

S24. More thorough handover after prolong .
absence

S25. Focus on key information

S26. Develop communication skills to ensl

successfutommunication

S27. Checklist/guidelines  available  fi x
handover

S28. Promote a culture to proactively ident x
problems

S29. Technological support to reduce handc .
workload

S30. Check previous work to stop ert -

propagation
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2.1.6 Technologies for Facilitating Continuity of Operations

Logs have been widely used to mediate information flow in workplaces. Structured logs
served as useful memory aids for information to be included in handovers so that the
personnel could focus onelevant information to be passed across shifts while
minimizing irrelevant details (Kovalainen et al. 1998, Lardner 1996). In safety critical
domainssuch as air traffic control and space shuttle mission control, flight logs allowed
incoming controllers t@acquire information on the activities that have taken place and

plans that were made.

Large displays, both digital and physical, also play a significant role in
coordinating work and allowing incoming personnel to acquire a mental model of current
operaion which is vital for achieving effective shift change. Controllers in space shuttle
mission control room used various digital displays and readings to coordinate the mission
control (Figure 2.1). Meanwhile, air traffic controllers were repeatedly foorrély on
the use and manipulation of physical paper flight strips on a large display board to
coordinate and assess current and upcoming events (e.g., Figure 2.2) (Bentley et al. 1992,
Mackay 1999, Nomura et al. 2006). These large displays provide edsai@distance
view for collaborators to discuss and negotiate for a joint understanding of the operation

important for shift change.

New technologiesoften engender new work practices and thus may require an
adjustment to existing SOPBd4lka and Kahnamo 2004. For example, new
technologies deployed for coordinating work in a nuclear power plant were found to have
altered controllersd shift change practic
controllers received updates at their consoles whebedsre, controllers had to
physically walk down the control panels to familiarize themselves with the operation
from the old analogue controls (Vicente et al. 2001). While both practices aimed for the
same purpose to acquire a mental model of the currpetation, advances in

technologies often entailed changes to the SOP.
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2.2 Shift Change in Hospitals

Similar to other higfreliability settings, shift change in hospitals plays a fundamental

role in ensuring patient safety through continued operation, redaced and enhanced

patient outcomes (Keenan et al. 2006). This is achieved when information communicated
during shift change provides incominbnicianswi t h At he picture of t
and Bossen 2005a, Harper and Hughes 1998)vever,shift chame is regarded as a

mo s t critical poi nt i n hospital care and
period (Keenan 2007). Alsostudies have shown that the risk of breakdoiun
information flow is significantly increased and soon afteshift change and that the
consequences can be catastrophiardner 1996 Patterson and Woods 200IThus

effective shiftchangewould make a vital contribution to safe patient cataitie 2002

Wears et al. 2003

Figure 2.2 Paper flight strips used to reflect the geographic position of aircrafts in the sky
(Mackay 1999, pp. 335)
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In this section, | will review several identified functions of shift change that were
not documented in other higkliability settings(Section 2.3.1), styles of shift handover
(Section 2.3.2), information content (Section 2.3.3), failure of communication (Section

2.3.4), and quality of shift change in hospitals (Section 2.3.5).
2.2.1Functions of Shift Change

In other highreliability domairs described in Section 2.1, information and responsibility
transfer across shifts was the goal of shift change documented in literature. Yet, there

were other important functions of shift change consistently identifietedical settings.

In hospitals, a accurate and reliablgansfer ofinformation and responsibility
across shifts is still the primary function of shift change. It provides an opportunity for
nurses in consecutive shifts communicate important medical informatjosuch as a
pat i eagrosissvitatisigns, diagnostic tesiad restrictiongor planning patient care
by developing treatment plans, prioritising and allocating activities for the shift so that
patient care can be continued (Alvarado et al. 2@6rie 2002, Kerr 2002, Lama
2000, Riegel 198%exton et al. 2004trople and Ottani 2008,CSQHC 2005).

Shift change provides an opportunity foescue and recoverfrom incipient
failure. This is possible because situatio
shift when outgoing and incoming clinicians interactively communicate and work
together to reach mutual understanding and shared reasoning (Perry 2004, Wears et al.
2003,Wilson et al. 2005Wilson et al. 200).

Shift change serves social function by providing aropportunity for nurses to
casually interact and to catch up with their colleagues. These social interactions were
found to be important to increase group cohesion and team spirit, enhance a culture of
shared values, and provide a venue for staff cathé@Bsisrne 2000Kerr 2002, Lally
1999, Riegel 1985, Sexton et al. 20@d|son et al. 2005).
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Shift change provides an opportunity feducation for novice and junior
clinicians to learn from their experienced and senior colleagues (Allen 1998, Kerr 2002,
Lally 1999, Wilson et al. 2005).

Finally, shift change is used for meetingganizationalagenda such as staff
management and patient care documentation for the purpose of meeting legal
requirements (Allen 1998, Kerr 2002, Lee 2006). However, some stdoisd the
nursing records so defenoéented that they barely represented the patient care that has
been delivered (Hardey et al. 2000, Allen 1998).

2.2.2Shift Change Process

As opposed to the relatively structured phases ohprelover, handover meetingch
posthandover found in other higisk domains, shift changes in hospitals have been
criticized for lacking a formal structure and guidelines on how shift change should be
conducted and what information should be communicated (Allen 2004rado et al

2006, BMA 2004, Cheah et al. 200Sexton et al. 2004, JCAHO 2007). In fact, shift
change varies considerably across teams, wards, departments, and hospitals. For example,
in some settings, no handover meeting was practised. Thus information couldeonly b

acquired from official documentation (Sexton et al. 2004).

To set the scene for my research, | focus the following discussion on nursing shift
change. Several commonly practised activities: -tadace handover, team handover,
written/typed handover ral audierecorded handover, are discussgcurrie 2002,
Munkvold et al. 2006aStrople and Ottani 2006, Sexton et al. 2004, Riegel 1985). Each
style has specific benefits and drawbacks
patient care (Dowdimp 2001); no one method was found to be superior to the others
(Currie 2002, ACSQHC 2005, Strople and Ottani 2006). In fact, these styles were
criticized as being ineffective, and could contribute to negative patient outcomes (Strople
and Ottani 2006). Thefore, there has been increasing trend to look for technological

solutions to support shift change.
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Faceto-face Handover. Faceto-face handover is usually conducted at either bedside or

a location away from patients, typically at a nursing station. Bedsiandover is
favoured in patienrtentred care in which patients can take an active role in their own
care. However, bedside handover is usually tomesuming and may also intimidate
patients (Currie 2002). Verbal handover that takes place at a nutatian rovides
confidentiality while incoming nurses can receive information all at once and important
medical documentation is easily accessible. Thus it reduces the length of handover. As
anticipated, a combination of handover at bedside and at nwstitign could more
effectively ensure complete and accurate information transfer across shifts (Currie 2002,
Hardey et al. 2000).

Faceto-face handovers offer rich twway verbal communication for questions
and clarifications, but may result in excessivertime due to lengthy reports which may
also contain inadequate and inconsequential data (Baldwin and McGinnis 1994). Besides,
these handovers usually do not allow nurses to hear updates of other patients on the ward.
Thus this could result in a loss situation awareness for other patients, making it more
difficult to accept temporary responsibility, e.g., in lunch breaks, and to quickly respond

to acute events (Patterson 2005).

Team Handover. Team handover is usually conducted through a proxy (ehgrge

nurse), dominated by ofeay communication, either through reading out a prepared

report or playing a taped report recorded in a-t@gerder or Dictaphone. These reports

were collated from team colleagues, official documents and personal notes thefo
handover (Kerr 2002). This type of handover discourages incoming personnel from
asking questions (Kerr 2002, Patterson 200
would have to be delayed until the end of the handover as it often takeatdaoeation

away from patients (Patterson 2005). This handover style, nevertheless;effaxiste

in terms of time.

Written /Typed Handover. Outgoing nurses may prepare a written or typed report for
incoming nurses to read. These written reports imrad to result in more accurate and

thorough nursing documentation (Sexton et al. 200/)hout the rich tweway verbal
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communication, written handover alone does not allow incoming nurses to ask for
clarification on issues that they are unsure. Thaousvbenefit is the temporal flexibility

that incoming nurses can enjoy as they can review the report at their onantimpece.

A variation of written/typed reports can be found in a telepHmased handover
system, Nurse Communicator, which allowed gming nurses to record patient
information throughout their shift for incoming nurses who could then access it any time
(Hewitt 1997).

While the abovementioned practices for conducting nursing handover meeting
were prevalent in hospitals, shift changeenfinvolves other activities that are not as
well-defined. For example, nurses may also need to acquire information available in other
artefacts, such as patient charts and electronic health records, in order to carry out
adequate patient care. Yet, itaffen difficult to determine how much and what patient
information should be reviewed from the documentations as this highly depends on
individual patientods illness and their pro
individual nurses. Moreoveglthough the ideal case is to immediately document newly
emerged information in proper information sources, the dynamic andptiessured
medical work often makes it impossible. Instead, this updating activity, as generally
perceived as secondary to adtpatient care, is often only conducted near or at the end of
a shift. Therefore incoming nurses would have to adjust their information seeking
activities in order to build an accurate mental image of their upcoming shift work. The
transfer of responsibifly across nursing shifts is also often not as explicit and clear as in
other highreliability domains. For instance, outgoing nurses may still be providing
patient care even after the handover meeting. Such overlap is quite common particularly
during busytimes or when the outgoing nurse had already started a particular patient care

procedure that spanned across the shift change.

2.2.3Information Content

Studies revealed that information content communicated during shift change varied

considerably across théykes of handover and the settings. Some studies indicated that
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most of the information communicated in verbal reports can also be found in existing
information artefacts, so the verbal contents were mostly irrelevant, repetitive,
speculative or even cangj confusion (Patterson 200Berry 2004 Sexton et al. 2004).

Thus it was recommended that more effort should be placed on keeping documentations
up-to-date and concise rather than on the redundant verbal handover (Sexton et al. 2004).
However, other studs found that verbal handover contains information such as the
patientsdé psychol ogical states and soci al
fragmented over the official documents (Allen 19%8]son et al. 2005). Besides, the
controversial judgmental comments towards patients are usually only found in verbal
reports (Lamond 2000).

Information content communicated during shift change also depends on the nature
of the specific medical setting (Dowding
social information is not as important in an emergency ward setting as in a general
clinical setting where social information may help with, e.g., discharge planning (Currie
2002). But regardless of settings, a standard set of content to communicate would
improve the efficiency and effectiveness of shift change (Sexton et al. 2004). Thus a
computerized care planning system that can automatically generate a predefined set of
information necessary for shift change from the hospital information system appbars t
a possible candidate (Cheah et al. 2005).

2.2.4Communication Failure

Many documented adverse events took place in the medical setting resulted from or
contributed by miscommunication between the incoming and the outgoing nurses during

shift change, similato other higkreliability domains (Patterson 2005, Wears et al. 2003).

For exampl e, an investigation into the ex
wrong leg revealed that the outgoing nurse forgot to tell the incoming nurse during shift
changeabout a clerical error that the incorrect leg to be amputated was put in the surgery

schedule. In fact, communication failure is the leading cause of adverse events in



36

hospitals in the United States, in many of which communication during shift change

played a contributing role (Strople and Ottani 2006).

Common causes for communication failures found in medical settings include
missing information, lack of mental model of the operation, insufficient time for shift
change, interruptions during shift changen d handover given by an
The first three causes were also found to contribute to many communication failures in
other highreliability settings whereas the remaining two appeared to be specific to the
medical setting. Understanding thesiges is vital to the development of guidelines or

technological solutions for improving the effectiveness of shift change.

Missing information may lead to inappropriate patient care and also possibly serious
consequences (Alvarado et al. 20@yrrie 2002. To prevent missing information, a
checklist of information to communicate during shift change could be an option but this
requires a prelefined set of information necessary for shift change. However, this may
not be possible as unexpected informatifteroarises in the dynamic medical settings.
Thus, a mechanism that allows nurses to easily and immediately record newly emerging
information at points of production could help reduce the occurrence of missing

information to be communicated to the nexftshi

Lack of mental model of the ward operationat the time of the transition could impede
effective shift change (Perry 2004/ilson et al. 2005). Mediating artefacts that can offer

an overview of the operation could be useful.

Insufficient time for shift changemay rush nurses through the handover process which
easilyleadt o i nf or mati on being missed or misint
unfortunately is prevalent as the cbsnefit tradeoff in the budgetight hospital

settings. A solution that allows clinicians to more efficiently document emerging medical
information which can then be more readily available to other clinicians including their

incoming colleagues should improve the efficiency of shift change.

Interruptions during shift change may deteriorate the quality of communication and may
also lead to errorgPerry 2004,Reason 2000, Reddy and Spence 2008) and job
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di ssatisfaction (Meibner et al. 2007) . I nt
by patients, and acute events that must be attended to. The former may be mitigated by
conducting shift change in a locati@away from patients and their family, but patient
documentation may not be readily available there. However, clinicians must attend to the

latter kind of interruptions promptly as patient care is their primary objective.

Handover given by someone other #n the named nursecan easily lead to
information being missed (Allen 2004 urrie 2002). This typically occurs at team
conference when a proxy who first gathered information from other team colleagues
gives the report. This practice is likely also to haesulted from the cogienefit
consideration (see Section 2.3.2). I n f act
recommended for improving the accuracy and consistency of information communicated
during shift change (Currie 2002).

2.2.5Quiality of Shift Change

AThe quality of care is a remarkably diffi
have fiprofound influence on the approaches
(Donabedian 1966). Shift change is a tiomdisuming activity, reportegl requires

between 10 and 61 minutes (Lamond 2000, Sexton et al. 2004). Nursing shift change was
estimated to cost US$610K per year (based on the 2003 mean salary of an RN) in a 10
ward hospital (Strople and Ottani 2006) whereas another estimate acctam$id5

million per year (Hewitt 1997). Therefore, many healthcare organizations measure the
guality of shift change in terms of their casfectiveness, in dollar measurements
(Baldwin and McGinnis 1994Currie 2002,Strople and Ottani 2006). Howeverhite

efficient shift change could allow nurses to spend more time on direct patient care, it is
imperative to warrant that the patients are receiving the correct care illuminated during
shift change. Otherwise, such time savings in shift change wouldtbmelgal rather

than beneficial as a result (Riegel 1985).

The effectiveness of shift change is crucial for improving patient care. Yet there

had been relatively few studies on actual shift change practices in the medical field and
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so little insight intohow its effectiveness can be measured and enhanced is available
(Wilson et al. 2005). Studying the effectiveness of shift change is challenging. For
example, the problem of missing or inaccurate information was usually only recognized
after some adverse ents occurredPatterson 2005) and attempts to standardize or
formalize shift change process as a means to improve its quality might not lead to the
desired outcome (Keenan et al. 2006). For instance, an attempt to formalize nursing shift
change with the @pl to reduce redundancy actually shifted the redundancy to a different
time and space (Munkvold et al. 2006a). In contrast, the dynamic and fluid nature of shift
change, along with evidence pdsitive aspectsmherent in the activity such as the rescue

and recover function, suggests that using heuristics to guide and enhance shift change
process is likely a better approach to improve safety (Perry 2004). The strategies depicted
in Table 2.1 would therefore be useful. For example, the first 21 stratagiaentified
from Patterson et al .6s (2004) study, had
four hospital wards and areas for improvement were successfully identified (Patterson
2005).

2.2.6 Technological Support

Although shift change has been wedtognized for its significance in achieving
continuity and safety of patient care, previous effort mostly focused on the handover
meeting and paid little attention to other activities that are also integral to shift change. In
turn, there has been littlefeft to examine how these activities may be supported by

technologies.

Based on a thorough review of existing methodologies for conducting shift
change, Baldwin and McGinnis (Baldwin and McGinnis 1994) proposednaputer
generated shift repanty systemwhich was in fact a paperformpper i nt ed wi t h pa
demographics and a list of information headings that needed to be communicated to the
following shift. The reports were designed for-f2dur use with colecoded annotation
for each shift, and to ptace verbal reporting previously practised. Outgoing nurses then

wrote down information including abnormal findings and results in the spaces provided.
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Therefore, these computgenerated shift reports were similar to written reports except
that static iformation such as patient demographics and medical histories were pre
printed and shift reports of the day were available on the same form. This was reported to

result in more time savings and improved communication of pertinent patient data.

Based on statardized nursing terminologies (NANDA, NIC, and NOC), HANDS
(Handson Automated Nursing Data System) is a software application designed to
support the development of care plans (Keenan et al. Z@&han et al. 2006). Nurses
were also expected to use thesl to guide their communication at shift handovers. With
the builtin nursing care resources, nurses can use selection menus, instead of looking up
paper references, to devise care plansri@rventionsandoutcomed» ased on pat i
clinical problens (Figure 23.Nur ses generally found it wuse
care plan. However they did not use it for shift change (Keenan 2007). Instead, they still
relied on their paper notes for shift reporting. To enforce compliance and adoption, the
u of HANDS has become mandatory during shift change. A similar computerized
charting system deployed in an Asian hospital ward was also found to facilitate the
development of care plans. Yet, it was criticized for ridding nurses of their cognitive
thinking activity (Lee 2006). This is likely because the measdkeyboard interaction
did not s uppoastthitnhke inrg 6 6 wrriotciensgs (see al so
technologies were designed to automate the existing system by replacing the paper
reference by digital resources. However, the interaction afforded by these technologies
did not support current work practices as described. As such, using these computerized
systems entailed substantial changes to existing work practices, resulting in resistance
resentment (Hartswood et al. 2003). This again shows the importanae pobri
thorough understanding of the practices in which the systems are to function so that
useful properties in the existing system will be recognized and sustained in the new
sydem (Berg and Goorman 1999, Hutchins 2000, Juhlin and Weilenmann 2001).
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Figure 2.3 HANDS tool Nursing Interventions Classification for generating nursing care plan
(Keenan et al. 2002, pp. 97)

2.3 Information Flow in Hospital Wards

A hospital is a vast socitechnical system consisting of many intensive communication
networks (Bossen 2002) that include people, equipment, information technologies,
routines, and regulations (Wilson et al. 2007). It is also ctextaed by its information

rich, dynamic, timepressured, mobile and routtte-clock operations. Clinicians often

have to spend an immense amount of time in dealing with a huge quartitgrofation

and in coordinating and synchronizing amaagious inbrmation sourcefAncona et al.

2000 whi ch may be A onmitlen oreverbalr broadtaét [or peesonal,
structured or unstructuréed ( Paepcke 1996) . Besi des, t he
multiple sources to serve different purposes. Therefoamaging the flow of information

has been found to constitute a major problem in hospifalsner et al. 2005 and
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communication failure amongjinicianshas beemeported to be one of the most frequent
causes of preventabélverse event® patients Gurses and Xiao 2006, JCAHO 2007).
Information flow is the combination of the processes of information handling by which
information can be gathered, stored, exchanged, and dispersed. These information
processes make use of any type of available mediaasuebrbal, written, and digital that

is deemed appropriate for the current purpose.

Patient care requires effective information flow for achieving shared
understanding and work coordination between distributed clinicians (Bossen 2002). But
patient demarsl and resource availability change constantly, rapidly, and often
unexpectedly so that contingencies are quite typical, despite extengn@i planning
and scheduling of activities (Ash et al. 2004, Bardram and Bossen 2005a, Xiao 2005,
Xiao et al. 200R In order b cope withthe dynamic and complex work environment,
variousmechanisms of interactipguch as plans argtandard operating procedurese
widely adopted to facilitate coordination in healthcare (Bossen 280¢hman 1987,
Schmidt and Banno 1992, Winthereik and Vikkelso 2005). Situated actions or
workarounds are also oftetevelopedto deal with contingencies and unanticipated
events so that patient care can be continued accordfAgly et al. 2004Balka and
Kahnamoui 2004Kobayashi etla2005 Star and Strauss 1999).

The following subsections describe characteristics of hospital work that impact
the information flow: informatiomich work environment (Section 2.2.1),
multidisciplinary collaboration (Section 2.2.2), distributed coorioma(Section 2.2.3),
coordinating artefacts to support information flow (Section 2.2.4), breakdown of
information flow (Section 2.2.5), and technological support for achieving effective

information flow (Section 2.2.6).

2.3.1Information Work

A hospital is aninformationrich environment in which work is accomplished through
cooperation among clinicians possessing different expertise. For example, studies have

shown that 50% of information within medical settings came from colleagues, 26% from
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personal notes,2P6 from laboratory results, and the remaining from various sources
(Coiera and Tombs 1998, Covell et al. 1985). Thus, people play a significant role in
buil ding the information repository and t
biggest informationystem in health care settings (Coiera 2000). Traditionally in medical
settings, information was mainly communicated ai@ariety of mediasuch as verbal,

paper, and display medium (Bardram 2000, Cabitza et al. 2005, Kovalainen et al. 1998,

Luff et al. 192, Xiao et al. 2001). But advances in information technology have resulted

in an increasing adoption of electronic health records, replacing-paped records, to

provide remote access to clinical information (Hatcher and Heetebry 2004).

While carrying ait the work required of a specific position, clinicians constantly
gather newly emerging information from an array of information sources, such as by
assessingorfent er preting a patientds illness tr a
(either papr or digital), or by consulting another clinician, to dynamically shape
treatment and/ or care plans to best suit a
1999, Reddy and Dourish 2002). They also need to disseminate the collected knowledge
to appropiate information repositories such as a patient chart, ideally instantaneously so
t hat ot her <clinicians can wuse the infor mat
and care schedule accordingly. Different health professionals may employ varying
techniques for gathering information (Cicourel 1990). These informatieiated
activities form an integral part of clini
coordination and collaboration among them as well as timely availability of specific
information sources (Gurses and Xiao 2006, Reddy et al. 2006). The perceived credibility
of information sources also plays an important role in determining the efficacy of
acquired information, which will in turn influence the overall information seeking
activities (Cicourel 1990, Paepcke 1996, Strauss et al.)1985

2.3.2Multidisciplinary Collaboration

Hospitak were much less differentiatediecades agdStrauss et al. 1985But the

increasing specialization of modern medicine entails collaboration of multidisaiplin
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division of labour when making a diagnosis and deciding on a treatment and care plan for
a patient. This is because eapecialty carries specific and often unique information
rel evant t o aas well as vanyingbwork gobldGardner st la 2001,
Munkvold et al. 2006a, Reddy and Spence 2008erefore, healthcare practitioners
must work together to seek, synthesize and disseminate information in addition to
carrying out routines and standard procedures when collaborating in the dynatkic wo
environment (Bardram and Bossen 200Baddy and Spence 2008pnnenwald and
Pierce 2000).

Nurses in particular,are the onesvhoi we a v e the rgaayt fécets of the
[healtitare] service and create order in a fast flowing and teribwbork envirome nt 0
(Allen 2009 and are the only group of healthcare professionals with the patients 24 hours
a day (Munkvold et al. 2006b). They need to integrate information that exists in a variety
of patient records into a AwdailyWwadrkrraytineso c u me n
They also need to develop relations across units and departmental lines to a wide range of
services such as physicians, laboratories, pharmacy, and even kitchen (Wagner 1993).
Thus they carry important information such as the outcofree garticular treatment or
patientsd responses to a new medicine that

evaluating the patientsd progress (Reddy a

In addition, medical work is generally-tlefined as compared to other domains
making coordination and communication in healthcare more challenging (Reddy and
Dourish 2002 Strauss et al. 1985). It requires multidisciplinary effort to negotiate and
interpret emerging information thr @aehghout
et al. 2004,Berg and Goorman 199%ane and Luz 2006Reddy and Dourish 2002,
Symon et al. 1996). The fragmented nature of healthcare into many-spetialized
disciplines also result;n more hanebffs between clinicians of different disciplines
Thus, while the division into specialized disciplines allows clinicians to utilize specific
expertise to contribute to patient care, the need to maiateamenessnd coordination
among multidisciplinary clinicians to achieve medical work becomes nrareak for
patient safety and healthcare efficiency (Xiao 2005, Winthereik and Vikkelso 2005).
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2.3.3Distributed Nature

Health care in hospitals is a team effort distributed across time and location. The
distributednature of hospital settings makes the coatiom necessary for collaborative

work complex and difficult. As opposed to other high reliability settings such as the
space shuttle mission control where controllers work at their position console only,
clinicians often have to locally move around to mect with their collaborators, to
maintain awareness of each other, to access information inscribed in distributed
coordinating artefacts, to secure needed resources, and to execute specific actions in order
to accomplish work (Bardram and Bossen 20B&mdram and Bossen 2005Bardram

and Bossen 2005IBellotti and Bly 1996, Bossen 200&onzalez et al. 200%,uff and

Heath 1998Xiao 2005). To do this, clinicians must constantly strive to achieve the right
configuration of people, resources, and knowlefigecollaborative work (Bardram and
Bossen2008B8 ar dram and Bossen 2005b). Thus schec
practices could help others to better estimate an appropriate time and place to move into

communication and collaboration (Reddy andibsh 2002 Zerubavell979).

Medical work is also characterized by shift wankorder to provide continuous
patient care. Although shift change provides the opportunity for communicating accurate
and reliable information across shifts, the varying shifticles that healthcare
professionals work increase the complexity of information flow among multidisciplinary
clinicians. Thus, a variety of artefacts are used to facilitate information flow among
spatially and/or temporally distributed clinicians. Thegal trend is to shift from paper

documents to electronic health recof@sIR) to allow remote information sharing.
2.3.4Coordinating Artefacts

Faceto-face communication is wetkecognized for its effectiveness in establishing a
shared understanding of infoation and facilitating collaborative worBé€llotti and Bly
1996, Kraut et al. 198&chmidt and Bannon 199%/hittaker et al. 1994 However the

distributed nature of hospital work often curtails the opportunities for-ttatace
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communication. Instead wide range of artefacts are used to mediate the collaborative

work (Bardram and Bossen 200%$utchins 2000Xiao 2005, Zhou et al. 2009) and to

hel p |l everage <cl i ni c@Xiaonet @. 200k Taoghle tartefadts, c ap at
with their perceied eas@f-use andheir physical presencevere often preferred to be

used asa valuablevisual remindeiin the complex and dynamic healthcare environment

(Symon et al. 1996¢iao 2005). Among them, large displays and paper artefacts are most

widely usedo coordinate work in hospitals.

Large displays such as whiteboards and bulletin boards are useful for
broadcasting informatn, especially asynchronously, to a large audiémoe a distance
These displays are also effectifer synchronousjoint discussion and negotiation
(Gonzalez et al. 200%Yilson et al. 2006Xiao 2005,Xiao and Seagull 2006, Xiao et al.

2007 and keepig an awareness and coordination of ongoing actiyisesshown in

Figure 2.4 Large display for joint collaborative use (Xiao et al. 2005, pp. 30)
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(a

(b)

Figure 2.5 (a) Paper use is pervasive in hospitals (Ellingsen et al. 2003, pp. 79) (b) Formal and
informal paper documents used by nurses (adapted from Mundvold et al. 2006, pp. 63)

Figure 2.4(Bardram 2000, Bardram and Bossen 200®addy and Dourish 200Xiao
2005.

Papefbased records offer unique, multiple affordances for viewing, reviewing,
annotating and alterg data (Heath and Luff 1996, Sellen and Harper 2002). They
support norntrusive notetaking (Harper et al. 1997) and can easily interweave with
ongoing conversation which is important fo
worko6 (Std8aes83. eThay . al so provide the Oel
exploratory and provisional information, especially when information was tentatively
scribbled in pencil, in the course of decisimaking such as when making a difficult
diagnosis (Fitzpatrickk004, Hardstone et al. 2004). Therefore, paper documents are

pervasive in many workplaces including hospitals (Figure 2.5a)

Other exogenousartefacts that areeveloped externally and then introduced to
workplace Jones and Nemeth 200&lso include mobile technaaal devices to allow
clinicians to access electronic health records at points of care. However, they mostly
failed to supportc | i n i work gradiéesdue to their structured and constrained
interfaces that are cumbersome to navigate, and indirgosfof input via mouse and
keyboards (Hardstone et al. 2004arper et al. 1997). As suclkendogenouspaper
artefacts that clinicians create to support their work were vital to accomplishing medical
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work (Figure 2.5b), despite being undecognized (Bardra and Bossen 2005a,
Fitzpatrick 2004, Hardey et al. 2000). Such endogenous paper artefacts include those that
were created for collaborative use, e.g., the Shift Sheet (Zhou et al. 2009), and those that
were created for persosnar apssee (oHhdryd e ys uecth
Shift Sheet was <created for joint use by
information including social issues and emotional needs during her hospitalization in a
busy hospital ward and was also served asngportant information source at shift
change. On the other hand, personal artefacts often allow individual clinicians to flexibly
customize information that served as memory triggers to help them plan, manage, and
coordinate their work (Bardram and Boss#05a, Fitzpatrick 2004). They were then
carried around, referred to, actively annotated, and updated throughout the shift work for
achieving smooth work flow (Bardram and Bossen 20@%&patrick 2004,Paepcke

1996).

2.3.5Information Flow Breakdown

Failureto achieve the right configuration of people, knowledge and resources could result

in an interrupted workflow such as cancellation of patient appointments, wasting of
scheduled timeslots, and delay of treatment (Bardram and Bossen 2005b). In fact, some
failures may also lead to serious healthcare consequences and costs which may extend far
beyond the repeating of the individual scan or patient consultation (Lederman and
Morrison 2002).

Communication failureamong clinicians, in particular missing infornmatj has
been found to be a frequent contributing factor in many preventable adverse events to
patients (Gurses and Xiao 2006, JCSHO 2007, Weingart et al. 2000). The congsidxity
ill-defined naturef healthcare work makes it ersprone which, unfortunaty, may be
latent or hidden within the complex work (Ash et al. 2004, Strauss et al. 1985).
Therefore, many hospitals were vigilant in taking a proactive approach hoping to identify
latent problems before an adverse event occurs (Reason 2000). Theyrpts®ely built

in data redundancy in collaborative work for safeguarding the accuracy and consistency
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of information to be communicated among clinicians (Cabitza et al. Z)d%gsen and
Monterio 2003, Helleso and Ruland 20Hutchins 1994, Munkvold eal. 2006a,
Munkvold et al. 2006b). To further minimize communication breakdown, attempts were
also made to standardize clinical information using information technologies (Ash et al.
2004, Bardram 1997Bardram et al. 2006Munkvold et al. 2006bWintherek and
Vikkelso 2005).

Since the release of the ATo Err is Hu
clinical incident reportingystems have been extensively adopted to retrospectively keep
track of near misses and real adverse events that point to \niliiesain the healthcare
system (Galliers et al. 2004, Miller et al. 2006). The problem with this reporting system
is that errors in healthcare were so frequent and the amount of data collected through
these tools was so tr ennsfetd afices woulth lrave aduh f a v ¢

plate for the next five years without a si

A more proactive method for determining information flow breakdown in clinical
environments was also developed (Galliers et al. 20043.r&thod involves situ data
collection for specific activities which will then be analysed in detail based on scenarios.
Points of vulnerability are thus identified for remedy. This method was reported to help

identify latent problems that could poteiiy lead to adverse events.
2.3.6Technological Support for Distributed Information Flow

This section highlights several popular information and communication technologies
deployed in hospitals, specifically electronic health records, mobile information

techndogies, and mobile communication technologies.
Electronic Health Records

Paper medical records are increasingly replaced by electronic health records (EHRS) to
provide more consistent, integrated, distributed, and timely sharing -ab-dgte
information and to reduce redundancy of effort for updating patient information (Berg
1999, Ellingsen and Monterio 200Harper et al. 1997, Helleso and Ruland 208dllen
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and Harper 2002, Skov and Haegh 2006). EHRs also have the ability to offer diverse
representabns of the same information (Hutchins 200Reddy et al. 2001) and
secondary utilization of healthcare data (Berg and Goorman 1999) to meet varying needs

of multidisciplinary healthcare professionals for enhancing the quality of healthcare.

Yet, the EHRsystem has been criticized for not delivering benefits as expected
(Ellingsen and Monterio 2001). One main criticism is that EHRs are built upon a
hierarchical system approach, thus cumbersome navigation is often required for accessing
information and datantry is constrained by structured data fields which were often
spread over multiple screens. Thus the time cost of interaction with the information
system is considered high. Navigation across screens also easily leads to a loss of mental
focus and ovenew compared to their papbased predecessors (Ash et al. 2004).
Clinicians also reported that many interfaces of and interactions with the EHR system did
not match their use context and work practices (Abowd and Mynatt 2&0et al.

2004, Heath and lfuf 1996) . For-ast hampi egdédwsi ainng mp
to help clinicians cognitively plan, manage and analyze patient information as they were
working on a case (Ash et al. 2004) but EHRs utilize indirect form of interaction using

mouse andkeyboard which fails to support their cognitive thinking process.
Mobile Information Technologies

As healthcare is moving away from pajis@sed records to electronic patient information,
reattime mobile access to critical data appears to be the logidl step. Therefore,
there is an increasing adoption of mobile information technologies in medical settings
(Bardram and Bossen 2005b, Bellotti and Bly 1996, Gurses and Xiao RO&nd
Heath 1998, Moran et al. 2007, Cisco 2007a). Popular technologiesing handhelds

and computersnwheels, as well as emerging technology that bridges the physical

digital divide will be discussed next.
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Table 2.2 Benefits and drawbacks of PDAs used in hospitals

Benefits Drawbacks
e Integrated PDAs offer redime | e ISsues on network security, connectivity &
remote access to patie speed of wireless transmission (Brewster

information (Gurses and Xia
2006, Rogoski 2004Skov and
Haegh 2006, Sommers et

2001)

Savings in time and effort, e.g
prescription and lab test orderit
at points of care (Gardneet al.
2001, Turner et al. 2005)

Error reduction (Lu et al. 2005)
Documentation at points of cal
(Lu et al. 2005, Turner et 3
2005)

Positive clinical impact, e.g
more time for patients, bett
decision support (Lu et al. 2005
Education and researchupport
(Gardner et al. 2001l.u et al.
2005)

Dunlop 2000, Lu et al. 2003, Turner et al. 200}
Slow processors (Brewster and Dunlop 2000)
Limited memory (Lu et al. ATb)

Possible interference with medical equipm
(Turner et al. 2005)

Norrintegrated with hospital information syste
offers limited functionality (Lapinsky et a
2001,Lu et al. 2003)

PDAs not synchronizing with hospit
information system may lead to fammation
inconsistency (HewletPackard, accessed 200
Small screen, constrained data entry mechan
perceived fragility (Brewster and Dunlop 20(
Lapinsky et al. 2001Lu et al. 2003, Hewlett
Packard, accessed 2009)

Short battery life (Lu et al. 2003 urner et al
2005)

Nonrrintuitive graffiti (Lu et al. 2003
Norrintuitive virtual keyboard (Turner et g
2005)

Not Userfriendly (Lu et al. 2003)
Negative patient perceptiohy et al. 2003

Personal Digital Assistant{PDAS) are versatile and relagly inexpensive nowadays.

Therefore, PDAs are widely used in hospitals, either purchased by individual clinicians to

facilitate their own work or implemented hospiteide for enhancing collaborative work

(Figure 2.6). In either case, PDAs that are noggrated with a hospital information

system typically only offer talo lists and reminders, and access to installed and web

based medical references (Lapinsky et al. 20Qdrner et al. 2005). Yet looking up

medical references using a PDA was not foundetaniore satisfactory and efficient than

using printed copies of medical handbooks (Lapinsky et al. 2001).

On the other hand, integrated PDAs that synchronize with hospital information

system also offer clinicians ubiquitous, réate remote access to ig-the-minute
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patient information (Gurses and Xiao 2006, Rogoski 2@Khv and Haegh 2006,
Sommers et al. 20011 compiled Table 2.2 to compare and contrast the benefits and
drawbacks of PDA use in medical settinGespite the perceived benefits of PDis

allow ubiquitous information access and to support work, their drawbacks may shed light

Figure 2.6 Clinicians graffiti on PDAs (Turner et al. 2005, pp. 214)
on why many clinicians still rely omwritten notesin paper documents for patient
information, and refer to pocket textbooks or references even where resources are

available online (Lapinsky et al. 2001).

Tablet PCs combine desirable features of paper, notebook PCs, and PDAs to
provide remote aces to EHRs while accepting handwriting interaction on a larger
screen. For many users, handwriting is quick and intuitive so is preferred over typing at a
keyboard or graffiti on a small PDA screen (Gardner et al. 200fner et al. 2005).
Tablet PCs cabe used as a traditional notebook with full computing functionality; they
can also be converted into a slate for writing (Figure 2.7). Handwritings can also be
converted to digital texts using a recognition application (HeMAattkard 2009,
Microsoft 2009.
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Figure 2.7 Tablet PC used for educating patients (source: Cisco 2007b)

An integrated Tablet PC allows clinicians to enjoy the benefit of mobile and
ubiquitous access to hospital information system @hdramedical applications similar
to using an integrated PDA. The larger screen of Tablet PCs also helps facilitate
interaction and viewing although their size and weight make them less portable than

PDAs. Besides, they are considerably more expensive.

Computer-On-Wheels(COW) is acomputeror a noteboolplaced on an ergonomically
designedrolley running ona wireless network so that they can be wheeled to anywhere,
typically within a hospital ward. They were designed to allow clinicians to wirelessly
accs s patientdés EHRs at points of care Vvi a
mouse and keyboard. The availability of in
walking back and forth to stationary desktop computers and/or nursing stations for
looking up medical information and references. Clinicians can also enter patient
information at the bedside. In addition, COWs were expected to help reduce or replace
paper use and to support rdiahe sharing of newly emerging information with other
clinicians (Cisco 2007a).

While EHRSs are essential to modern healthcare, most current information devices
fail to support work practices as pointed out by the Institute of Medicine of the National

Academies that Aper haps t h eonsistentdygconfrontgdr e at e ¢
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every <clinical system developer is to eng
i mportant Ato make it simple for the pract
must be al most as easigined®7)wr i tingo (lnstit

Digital Pen and Paperoffers familiar interaction while the handwritings can be readily
digitized for distributed sharing. Therefore, digital pen and paper technology has the
potential to seamlessly integrate paper into the hospital infermaystem and to

enhance and integrate with existing work practices (Cohen and McGee 2004, Moran et al.
2007). In most hospitals, traditional singlepy papetbased patient charts are still in use

for recording patient &s locatioh,rypically the nussinge ct or y
station. An augmented patient chart system was designed and evaluated in a public
hospital in Mexico (Zamarripa et al. 2007). It utilized digital paper that required the use

of a digital pen to capture information directtythe digital medium which can instantly

be shared with other clinicians. Initial results were encouraging in terms of the savings in

time and the accuracy of information stored in the database.
Mobile Communication Technology

Quick and frequent commugdtion among clinicians is often required to achieve work
coordination and collaboration in the dynamic, tiongical, distributed and
multidisciplinary hospital environment. Therefom®obile technologythat provides a
low-cost communication medium theispersed collaborators can use to communicate
frequently and spontaneously would be beneficial to support collaboration and
coordination, and to reduce unnecessary mobility and effort to look for collaborators in
medical work (Bardram and Bossen 2008baut et al. 1988Juff and Heath 1998,
Moran et al. 2007). As such, the clinicians can spend more time in actual patient care
(Head 2007, Gurses and Xiao 200&ran et al. 2007).

Paging Systemsvere traditionally the primary communication channel for emting
with distributed clinicians. Although paging systems are still in use in many hospitals,
other communication technologies are increasingly used to offer instantaneewsytwo

communications.



54

s

Katen Letourneau and nursing research
VL im test out the Yooera communication badgel

Figure 2.8 Single-button push to call on Vocera (source: IBM 2008)

Mobile Voice Communication Systenae increasingly depleg in hospitals to enable

distributed clinicians to conduct twweay communication directly.

Personal Handphones System (PHS) was deployed among doctors and nurses in
a hospital in Japan so that they could verbally communicate with each other both inside
and outside the hospital (Hanada et al. 2006). This system led t&@23%eduction of
calls to fixedline telephones which clinicians had to spatially move in order to
communicate. It also helped reduce the searching time for locating other clinidi@ns.
savings in time allowed clinicians more time to spend on actual patient care which has

significantly improved medical safety and work efficiency.

Vocera® is gaining popularity in hospital settings. It provides hdmegs
operation without dialling otyping, coupled with voice recognition technology to allow
clinicians to communicate directly with a buttposh (Figure 2.8). Vocera implemented
in a Canadian hospital was found to significantly improve t&aéngs in searching for
other clinicians andin trips to telephones. 25% less time was spent on key

communication activities with the use of Vocera (IBM 2008).

In another Canadian hpisal, the implementation of Vocera was partially funded
byViéol ence in the Workplace Committeebd

workplace accidents, such as violence and assault in the workplace (Archer 2889).

t

t
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safety feature is activated by pstng the Vocera button twice, which immediately alerts
hospital security. The clinician can then communicate with the securigiterVith
Vocera, the nowrgent and urgent response times were found to have improved by 95%

and 61% respectively.

As eachtype of technology supports information flow in different ways, an
integrated network consisting of heterogeneous technologies could potentially combine
all their best features to support work coordination and collaboration in a mobile and
pervasive comping hospital environment. As such, a medigedde network consisting
of 40 Vocera handfee communication badges, 10 compwasiwheels and 6 Tablet
PCs running on 40 wireless networking access points were deployed in the emergency
ward of an Australianc hi | dr en 6 s hospital (Cisco 2007
supports electronic medical records, computerized physician order entry, communication
system, medication dispensing, and a range of other important functionality. It was
reported that the deploymeresulted in an improvement in the efficiency, quality and
safety of patient care, and patient satisfaction, as welhasdial gains o20 hours of
staff time per day in the ward. An extrapolation across all the wards would likely result in

savings oimore than US$7 million a year (Cisco 2007b).

With the positive outcomes offered by technological intervention, there has been
increasing trend to dda-fhdaoryt Ov atrei cohunso | koign cess
settings. Many also aim to achieve a plgss hospital (e.g., Microsoft 2009). However,
while employing technologies to help improve work outcomes, evidences have indicated
that attempts to make drastic changes to existing work practices could undermine the
adoption and ultimate acceptance & tteployed technological system (Ash et al. 2004,
Symon et al . 1996) and dwil |l al most cert a
intangi ble safety factors and are | ikely t
(Mackay 1999). Thus, health reainformation and communication systems should be
designed with an kdepth understanding of the social organization of the specific medical
setting (Ash et al. 2004, Balka and Kahnamoui 2004, Berg 1999, GrudinH&8®, and
Luff 1996, Strauss 1987).
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2.4 Chapter Summary

This chapter provides the foundation for the knowledge that underpins information flow
in the complex and dynamic hospital work settirigsbe explored further in later
chapters. It has shown that while technologies, both software appicatm hardware
devices, deployed to support information flaMfer varying features for facilitating
information flow among clinicians, these technologies still do not support many of the

important work practices that clinicians use to carry out theikwor

There are gaps in this prior work. First, its investigations on shift change in
medical settings mainly focused on the verbal handover element of the shift change
process. However, it did not consider other activities integral tanflieemation flow
during shift changeSecond, it identified that paper personal artefacts were important for
clinicians to carry out their work. However, is not clear how these personal artefacts are
usedin the course of delivering patient cawnd what aspects of their age are
important to clinicianswhen designing the supporting technologies. Rather, mobile
devices, such as PDAs, installed with the same hierarch&allgtured information

system often appeared to be the natural solution.

To address these gaps, Chag@entroduces an observational study specifically
designed to acquire a better understanding of the basic dynamics and practices used for
information flow during shift change. The study is also designed to reveal the importance
of paper artefacts thatuoli ci ans rely upon. Chapter 4 wi
roles in nursesé6é information flow against
mobile technology and show how the mobile technology failed to support these important

functions that a crucial for patient care delivery.

The current chapter also describes several characteristic aspects of general
information flow in hospital settings, which helps to ground the development of the
framework presented in Chapter 5. This framework isegbently used throughout the
remaining chapters to assess a new technology and to help generate technology designs.
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This dissertation is only one step towards developing technological solutions that
have the potential to improve the information flow,.ely reducing the occurrence of
erratic information flow at shift change and during a work shift. In particular,
understanding how to design technol ogi es

practices needs further investigation.
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Chapter 3. Information FI ow Dynamics
and Practices during Shift Change

To complement the research presented in the previous chapter and to address the question
of how to design technology the&n better support the task of information exchange and

fit more seamlessly and less obtrusively into the working environment, this chapter
presents an hdepth investigatioto examinen ur ses o6 i nf or mattheon f | o
specific communication préces that compose the fundamental and important
information flow during nurses6 daily shif
healthcare to patients, nurses working in different shifts must work collaboratively to
ensure that all patient catasks are carried out properly. This is also why efficient and

accurate flow of information between nurses in conBee shifts is so important.

Previous studies mostly focused on verbal handovers without describing how the
verbal handover fits into théarger picture of information exchange across shifts.
Therefore, the purpose of the observatiatatlypresented in this chaptesas toacquire
a better understanding afhat andhow information flow activities werecurrently
performedduring shift chang and how these activities relate to the overall information
flow during shifts in order to acquire insights into how technolamgyld be designed to
support these activitigSchmidt and Bannon 1992, Strople and Ottani 2006) restate,
this study focised on the basipractices of information flowluringn ur ses 6 shi ft
and across the actual shifts, ammh how technologies impact the efficiency and

effectiveness of the information flow processes.

| employed the conept of common information spasd€CIS) in the analysis to
explore how a common understanding of a work situation and its coordination is
achieved through a combination of information, its representations and interpretations

(Bannon and Bodker 1997, Schmidt and Bannon 199#)the purpse oftheanalysis|
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regard a personal information space (PIS) as an information space that consists of both
artefacs and assigned meaning similar to the CIS but is constructed, interpreted and
manipulated by only one person. The PIS described herd thengame as the personal

or local information space described by Schmidt and Ba\ih@®2) which refers to the

local mindset within an individual or some common beliefs among a group of people.
This CIS/PIS perspective is taken to study the informasipaces involved in the
information flow as these considerations are expected to help inform the design of

technology for supporting and bridging these information spaces.

I will first describe the research site where all the studies presented in this
dissetation were conducted and several limitations as bounded by the ethics and by the
minimally-intrusive nature of the study. Then ihet remainder of this chaptethe
methodology of the observational studypresented, followed by general observations on
how nurses acquire and dispense information from the study. Next, the information media
types and the information artefacts involved, hdle information seeking and
distribution processes are carried out, and how and what information is transposed from a

multitude of informatiorartefacs to personahformationartefacs are presented.

3.1 Research Site

| have chosen the Medical Ward of the'Zlentury (W21C) in a local urban hospital to

be the case study for my research. This ward uniquely designed hBpital ward with

two principal g 0 a | s :baséadtpbysicalrinérastruetureathatrwoulde | h ¢
provide opportunities for creating health care solutions in the broad spectrum of internal
medi cineé and to create adnoheb neseamdih ac
(Baylis 2005)
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The study wards an acu¢ medical teaching unit.alents admitted to this ward
are often transferred directly frothe Intensive Care UnitQU). Therefore, the patients
generally still require acute care for a vast array of, often faydtiem, illnesses.
However, the nurseo-patient ratio ranges from 1:4 to 1:8 depending on work shifts, as
opposed to the drastically lower ratio of 1:1 or 1:2 in the ICU. Therefore, nurses working
at this ward constantly face high stress and time pressure. Yet, these nurses are
recognized for thir enthusiasm towards their work and the strong dynamic team
environment that they have built in such a higiess and timeritical hospital ward. In
addition, innovative research activities frequently take place on this agsaedtesbed
before technlogies are deployed in other hospital war@ieerefore, nurses working on
the ward are generally openinded towards technologffhe nurses whose images are
identifiable in this dissertation have given written consent for their images to be included
in the documentation because they feel that they are well represented by this research.
However they still did not want specific quotes to be attributable to a given nurse. Thus
pseudonymsare usedn thequoteextractsand illustrations in this dissertation
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Figure 3.1 (bottom left) Floor plan of the W21C, (top right) Layout showing the nursing station,
shift change room and computer room.
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Figure3.1 shows the layout of the wartihe ward is configured with a star design
having a centrally located nursing stati@ee also Figur8.2a)and four radiating ward
wings of patient roomgsee also Figure 3.2blts layout makes it convenient &xcess
information at the central information hub but makes it hard for nurses working in
different wings to communicate and to maintain awaren@&svo wired desktop
computers are available in each ward wing; nurses sit on high backless stools when
working at these computerBigure 3.3a)The computer room beside the nursing station

is placed with seven wired desktop computers, equipped with cail® padded chairs
(Figure 3.3b).

Figure 3.2 (a) Nursing station (b) Outgoing nurse giving verbal shift report to her incoming
colleague in a ward wing

Figure 3.3 (a) Working at desktop computer in a ward wing (b) Computer room with desktop
computers( al so known fiphysiciansd areaoo)
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3.2 Limitations

While my goal was to acquire a thorough understanding of the basic information flow
practices during nurseso6 shift change pr e
technol ogy depl oy meaatios and infornmation Hoe prédsented mmu n |
Chapters 4 and 6, the studies were constrained by ethical limitations. In particular, the
ethics protocol for these studies did not allow researchers to enter patient rooms and to
use recording devices (audio andla@recorders). This is because there were ethical
concerns about accidentally capturing information pertinent to patients who did not or
could not consent to participating in the studies. Meanwhile, in order to remain
minimally-intrusive during the studse | sometimes had to keep a distance from the
participants during observations, making it difficult to capture the conversational
contents, e.g., peopleds actual talk durin
reporting between a nurse and tterge nurse. To compensate, | always followed up

with informal interviews, whenever possible, to gather the missing information and to
clarify misunderstandings. Similarly,followed up by interviewing the nurses for the

information flow activities thathey performed inside patient rooms.

3.3 Methodology

| employed a naturalistic approach to perfornohservationafield study inthe research

siteto acquire aetterunderstanding of theurrent practices of information flow during

nur ses 6 sHoiclityloandgieancill ary professional s
allied health professional groups such as physiotherapists, respiratory therapists,

occupational therapists, speech therapists, and social workers.
3.3.1Participants

Participants inthis stud/ were 2 patient care managers, 37 registered nurses and 3

undergraduate nursing students, all of whom were employees of thel wagdthe term
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Anurseso for regi stered nurses and studen

nurses were male anlet patient care managers and students were all female.
3.3.2Setting

While some shift change activities such as fimetace communication between nurses of
consecutive shifts may occur inside patient rooms or along corridors fafuiheings in

the ward (Figure 3.2b and 3.3a most of the shift change activities tailace in and
around the nursingtation (Figure 3.2a) the shift change roor(Figure 3.4a)and the
computerroom (Figure 3.3b). It should also be noted that althougledh®guter room is

not officially designated for use by clinicians of any specific discipline, nurses generally
can only use the computeoom during night/day (~7am) and evening/night (~11pm)
shift changes becaugghysicians always occupthis spaceduring day/evening shift
change (~3pmkas a result of the organizational norithus the computer room is

commonly repbysedi assbhar édéaoc.
3.3.3Procedure

To obtain abetterunderstanding of the current information flow practices, a minimally
intrusive obserational study of information flow during shift change in the ward was

conducted, combined with the shadowing of nurses during shift change (without entering

—
)=l S

Figure 3.4 (a) Incoming nurses preparing their personal notes for their shift inside the shift change

room (patient identities are masked for ethical reason) (b) Outgoing nurse reporting to charge nurse
at niireinn statinn
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patient rooms) and informal interviews. Twedffitye observation sessions were
conducted during alhursing shifts, i.e., day/evening, evening/night and night/day shift
changes. Observational data were recorded with pen and paper. In addition to the
observational not es, copi es of artefacs, i n c o mi
specifically personal mtesand/or patient care summarieshich were created and/or
annotated at the beginning of their shift and used to assist their work during their shift

were collectedInterviews were also conducted with the nursesenever possibldp

follow up with descriptions and explanations of the personal notes and/or the patient care

summaries and how they used them during their shift.

Observations weramainly conducted at/during the folving locations and

activities:

¢ Inside the shift change rooffrigure 3.4a)| observed outgoing nurses updating the

large whiteboards and incoming nurses preparing for their shift.

el n and around (Figues 32a34b, arsd @.5a3: bbadrvedoontgoing
nursesgiving verbal shift report to their incoming colleaguasd outgoing nurses

performing verbal reporting to the charge nurse.

¢ In the computeroom (Figure 3.3b)l observed nurses performing digital charting of

patient information.

e Shadowing nursesvithout going into patient rooms$,shadowed incoming nurses to
acquire a better picture of how they prepare for their shift by accessing a diversity of

spatially distributed informatioartefacs.

e Charge nurse handovgfigure 3.5b)1 observed hovanoutgoing charge nurse reports

to the incoming charge nurse.






















































































































































































































































































































































































































































































































































































































































