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ABSTRACT
The primary aim of this project was to advance understanding on the situated
use of infusion pumps by clinicians from a distributed cognition perspective. The
context of the study was the Intensive Care Unit of University College Hospital.
Two distributed cognition frameworks, Distributed Cognition for Teamworking
systems (DiCoT) and Distributed Information Resources Model, were used to guide
the data gathering and the data analysis. Data was gathered through observations
supplemented with interviews. These distributed cognition frameworks had been
successfully applied to static environments, and a secondary aim of this project
was to assess their suitability in analysing a more dynamic environment such as
the ICU, where people and equipment are continuously shifting. The main finding
was that for such a complex environment, it is hard to strictly isolate an activity
from the rest of the system to focus on it; other activities in the system, involving
other actors having other goals, are likely to influence the activity under study,
either by changing its environment or by causing interruptions to it. To address this,
two new models were developed. A System Activity model was created to
represent secondary activities of the system so that their influences on the primary
activity could be analysed and to allow a better scoping of analyses with the
existing DiCoT models. A Temporal Resources model was created to represent the
information resources used in infusion administration across time and to provide a
basis for the analysis of how nurses could recover from interruptions caused by
secondary activities. The System Activity model will be useful for practitioners
studying complex systems through distributed cognition by helping them to scope
their analyses and by creating an awareness of inter-activity influences. The
Temporal Resources model can be applied to any interaction to understand how
the demands on the user’s cognition change at different steps of the interaction,
based on how information resources are represented and how they need to be
coordinated, and to analyse how resource configurations aid the user in state
recollection after interruptions.
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1 INTRODUCTION
The primary aim of this project was to advance understanding on the situated
use of infusion pumps by health practitioners, using a distributed cognition
approach. The context of the study was the Intensive Care Unit (ICU) of University
College Hospital (UCH). Two distributed cognition frameworks, Distributed
Cognition for Teamworking systems (DiCoT) (Furniss & Blandford, 2006) and
Distributed Information Resources Model (Wright, Fields, & Harrison, 2000), were
used to guide the data gathering and the data analysis. Data was gathered through
observations

supplemented

with

interviews.

These

distributed

cognition

frameworks had been successfully applied to static environments, and a secondary
aim of this project was to assess their suitability in analysing a more dynamic
environment such as the ICU, where people and equipment are continuously
shifting.
The Background chapter describes the Intensive Care Unit and infusion pumps,
followed by the literature review on studies of infusion pumps. It also gives an
overview of the distributed cognition frameworks mentioned above, and of how
distributed cognition has been applied to the healthcare sector.
The Method chapter describes how the data gathering was initially planned and
how it was eventually adapted to the demands of the context. An account of the
strategy used for observing and interviewing nurses is given, along with challenges
encountered and their solutions. How the gathered data was analysed to create the
models is also explained.
The Results chapter presents the findings of the study through the existing
DiCoT models and the new models that were developed during this study. The
existing models are the models of High Level Input-Output, Social Structures,
Information Flows, Physical Layout, and Artefacts. The existing model of System
Evolution was excluded as system change in the ICU has been more revolutionary
than evolutionary. The new models are of System Activity and Temporal
Resources.
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The Discussion chapter reviews how suitable distributed cognition in general
and the DiCoT framework in particular were for the context of this study, and how
the new models help to address new requirements. The potential value of the new
models are described.
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2 BACKGROUND
This chapter gives general information on the ICU and on infusion pumps,
followed by the literature review regarding studies on the use of infusion pumps. It
describes the fundamental principles of distributed cognition, the distributed
cognition frameworks DiCoT and Resources Model, and how distributed cognition
has so far been applied to the healthcare sector.

2.1 The Intensive Care Unit
Malhotra, Laxmisan, Keselman, Zhang, & Patel (2005) describe the Intensive
Care Unit, also known as Critical Care Unit, or Intensive Therapy Unit, as a unique
and dynamic setting where multiple individuals provide physical and emotional
support to critically ill patients. They state that, to an outsider, the workflow is
difficult to understand and may seem very disorganized, especially with the
beeping alarms and flashing displays of medical equipment. The high-risk patients
admitted have many medical complications that require intensive monitoring,
interventions, and a range of medications to stabilize them. Consulting physicians,
attending physicians, and nurses, each possessing specialized and sometimes
overlapping knowledge, are all involved in patient care decision making. Bennett &
Bion (1999) state that ICU clinicians need to have wide clinical experience and a
holistic approach to patient care, because patients can be transferred from any
other department of the hospital. Many nurses will have completed a specialist
training programme and have extensive experience and expertise. However, a
shortage of appropriately qualified staff results in a heavy and stressful workload
for existing nurses.
In the seemingly chaotic environment, the team works together in a coordinated
way and relies on sophisticated patient care technology to monitor and treat
patients (Malhotra, Laxmisan, Keselman, Zhang, & Patel, 2005). The smart
infusion pump is an example of such technology.
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2.2 Infusion Pumps
An infusion pump is a device that delivers fluids into a patient’s body in a
controlled manner. It is used to deliver nutrients or medications such as hormones,
antibiotics, chemotherapy drugs, and pain relievers. A smart infusion pump is
automated and equipped with safety features, such as user-alerts that activate
when there is a risk of an adverse drug interaction, or when the user sets the
pump's parameters outside specified safety limits. Such infusion pumps are heavily
used in the UCH ICU and all patients have ongoing infusions, which makes it a rich
environment for studying the use of the devices. The volumetric pump delivers
drugs to patients from external bags while the syringe driver delivers drugs from
syringes placed inside the pump. They have similar interfaces, have the same
device model, and share the same requirements.
Some of the requirements of infusion pumps include reliability, safety, simplicity
in handling and maintenance, and easy access (Graham & Holohan, 1994).
Despite the emphasis on these requirements, and efforts to improve the safety of
intravenous infusions in general, it is relatively common that incidents occur during
infusion administration, compromising patient safety or even causing death (Husch,
Sullivan, & Rooney, 2005; Vicente, Kada-Bekhaled, Hillel, Cassano, & Orser, 2003;
Taxis & Barber, 2003). Regarding the ICU specifically, intravenous medication
errors are frequent (Malhotra, Laxmisan, Keselman, Zhang, & Patel, 2005;
Shulman, Singer, Goldstone, & Bellingan, 2005). There is therefore a clear need to
understand how health practitioners use infusion pumps in context and to improve
the design of the devices accordingly.

2.3 Studies on the use of infusion pumps
Nemeth, Cook, & Wears (2007) argue that to understand how infusion pumps
are really used in practice, situated studies are required, to look at the messy
details involved in the work of health practitioners, since most of the cognitive work
is directed to them rather than to the semantics of the domain. This allows the
differentiation between “work as performed” and “work as prescribed.” They
recommend that one should search for workplace conflicts, complexities and
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uncertainties, and investigate how people cope with them, with the aim of exposing
strategies and judgements, so that the robustness of these can be assessed.
Hutchins (1995a) also states that the cognitive elements of work can be discovered
only empirically by the study of work in its natural setting.
Indeed, some previous field observations on infusion pumps have successfully
identified use cases that can be used in the lab to advance understanding of
worker cognition. Nemeth, Cook, & Wears (2007) discuss the report from Nunnally,
Nemeth, Brunetti, & Cook (2004) on user interactions with complex medical
devices and argue that observing the problems that clinicians faced with infusion
pumps highlighted that the devices were not user-friendly, leading to human factors
analyses of the pump in the lab, which revealed that shortcomings in the controldisplay interface were the main cause of user problems. However, very few field
studies have been done due to ethical and privacy issues, and due to efforts by
institutions to protect clinicians from scrutiny by “outsiders” (Nemeth, Nunnally,
O'Connor, Klock & Cook, 2005). The next section looks at the studies done in the
ICU specifically.

2.4 Studies on the use of infusion pumps in the ICU
Most studies done on the use of infusion pumps in the ICU so far have focused
on identifying sources of errors and quantifying their occurrences (Shulman,
Singer, Goldstone, & Bellingan, 2005; Wright, 1991). Graham et al. (2004)
evaluated the interfaces of infusion pumps used in the ICU and the implications for
patient safety using Heuristics Evaluation. I found only one study focusing on
qualitatively understanding how people use the devices in context and what
strategies they adopt to deal with difficulties they face; Carayon et al. (2005) used
an observational methodology to understand how nurses use three different types
of infusion devices in different hospital units, including the ICU. They stated that
the observation method gave them insight into the tasks actually carried out versus
prescribed tasks, and they identified divergences in practice that were considered
to increase risks of failure. This study will use a similar observational methodology,
except that the data gathering and analysis will be guided by the principles of
distributed cognition, explained in the following section.
- 12 -

2.5 Distributed cognition
2.5.1 Fundamental principles of distributed cognition
Distributed cognition is a fairly recent approach to understanding the
organisation of cognitive systems, which considers the whole system as a cognitive
unit, encompassing people and materials in the environment, rather than
considering solely the individual’s cognition (Hutchins, 1995a). It refers to a
perspective on all of cognition, rather than a particular kind of cognition, and is
distinguished by two related theoretical principles (Hollan, Hutchins, & Kirsh, 2000).
The first principle, pertaining to the boundaries of the unit of analysis for
cognition, stipulates that cognitive processes should be looked for, irrespective of
physical location, on the basis of the functional relationships of elements that
participate in the process. Traditional views of cognition, on the other hand,
consider the boundaries to be those of individuals. According to distributed
cognition, a system can reorganize itself to bring subsystems into coordination to
achieve different functions.
The second principle, concerning the mechanisms that take part in cognitive
processes, states that a larger class of events should be looked for, such as the
manipulation of external objects and the traffic of representations among actors,
apart from the manipulation of symbols inside individual actors. Traditional views of
cognition tend to consider only the latter. On top of providing extra memory to the
same processes that operate on internal memories, the physical environment
presents opportunities to reconfigure the distributed cognitive system to take
advantage of a different combination of internal and external processes.
When these principles are applied to the observation of human activity, three
kinds of distribution of cognition are seen: distribution across the members of a
social group, distribution among internal and external (material or environmental)
structure, and distribution through time such that the results of earlier events
transform later events. Hollan, Hutchins, & Kirsh (2000) state that, to understand
human cognitive potential, and to design effective human-computer interactions, it
is essential to grasp the nature of these distributions of process. Building on these
- 13 -

principles and their study of emergency medical dispatch, Furniss & Blandford
(2006) developed DiCoT, a codified method for applying distributed cognition.
2.5.2 Distributed Cognition for Teamworking systems (DiCoT)
DiCoT (Furniss & Blandford, 2006) focuses on building models to capture the
information flows, physical layouts and artefacts of systems. The High Level InputOutput model describes the overall goal of the system in terms of its input, system
factors determining the processing, and its output. The Information Flow Model
describes the information flows among the actors of the system in terms of the
communication channels used and key flow properties such as formal versus
informal

communication,

information

transformation,

information

filtering,

information buffering, and decision hubs. The Physical Layout Model analyses how
physical structures at different levels, for example at the desk level and at the room
level, support communication among actors and facilitate access to artefacts. It
also looks at how spatial arrangement supports cognition, based on principles such
as perception, naturalness, bodily supports, horizon of observation and situation
awareness. The Artefact Model analyses how the detailed design, structure and
use of artefacts aid actors in their cognitive work. The framework has been applied
successfully to analyse safety critical systems such as emergency medical
dispatch (Furniss & Blandford, 2006), mobile healthcare work (McKnight &
Doherty, 2008), and underground line control (Webb, 2008). Webb extended
DiCoT with two additional models: the Social Structures Model examines how
cognition is socially distributed within the system by looking at the mapping
between social structures and goal structures, the sharing of work, and how
robustness is achieved; the System Evolution Model looks at the evolution of the
system over time to understand why work is arranged in a particular way.
In this study, data will be gathered to build these models for the context of
infusion administration in the ICU. Since the infusion pump is a key focus of this
study, I will extend the Artefact Model described above by taking a resourceoriented view of the task of administering an infusion, with the aid of the Distributed
Information Resources Model. The latter is explained in the next section.
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2.5.3 Distributed Information Resources Model (Resources Model)
The Distributed Information Resources Model (Wright, Fields, & Harrison, 2000)
provides a way to analyse the interactions between an actor and artefacts, in terms
of the information resources utilised. It differentiates between abstract information
structures and their representation. The abstract level serves the analysis of the
structural characteristics of the information that are important for them to serve as
resources, and of equivalences between different representations of information.
The representational level serves the analysis of how an information structure is
distributed between actors and artefacts, and of the form and content of the
external parts of a representation. Abstract information structures can be plans,
goals, system states, possibilities, histories, or action-effect relations (described
later in section 4.7.1). Based on the configuration of information resources,
different interaction strategies are possible, namely plan following, plan
construction, goal matching, and history-based selection and elimination
(described later in section 4.7.1). The Resources Model has been successfully
applied to the evaluation of cockpit interfaces (Wright, Fields, & Harrison, 2000),
and will be applied in this study to analyse the task of administering an infusion.
The principles of distributed cognition have already been applied to the healthcare
sector, as described in the following section.

2.6 Application of distributed cognition to the healthcare sector
Supporting the choice of methodology for this study, researchers have
described the need for taking a distributed cognition approach when analyzing
human-computer interaction in the health care context (Nemeth, 2006; Nemeth,
Nunnally, O'Connor, Klock, & Cook, 2005; Patel & Kushniruk, 1998; Patel, Cytryn,
Shortliffe, & Safran, 2000). Essentially, the classical model of individual cognition
tends to be limiting for the nature of work in this context.
Hazlehurst, Gorman, & McMullen (2008) argue that medical informatics has
been committed to the classical model of individual cognition, thereby mixing up
the processing performed by individuals with the processing performed by the
larger systems in which work is carried out. They state that distributed cognition
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theory is better suited for the study of human work in healthcare and for the design
of technologies meant to assist such work. To cope with rising costs of health care
and to leverage rapid knowledge growth, health care professionals are increasingly
sharing knowledge and skills (Patel, Cytryn, Shortliffe, & Safran, 2000). Distributed
responsibilities allow the team to process large amounts of information and
decrease cognitive load on individuals. The demarcation of responsibilities and
roles of personnel within the team are blurry in practice, justifying the need for a
distributed cognition approach.
Distributed cognition has already been applied in healthcare to understand the
role of cognitive artefacts (Nemeth, 2006; Nemeth, Nunnally, O'Connor, & Cook,
2006; Xiao, 2005), to identify bottlenecks that can lead to errors in a psychiatric
emergency department (Cohen, Blatter, Almeida, Shortliffe, & Patel, 2006), and to
analyse mobile health care work (McKnight & Doherty, 2008). Regarding the study
of infusion pumps, Obradovich & Woods (1996) studied the use of the devices by
nurses and patients in the home using a distributed cognition approach. To
investigate device use in context, they used interviews, observations and bench
tests. They identified classic HCI deficiencies in the pump and examined the
strategies adopted by nurses to protect themselves from failure. This study will also
attempt to identify such strategies, but in a very different setting, that is the ICU.

2.7 This study
I found no reported study that focused on the use of infusion pumps from a
distributed cognition perspective neither in the ICU nor in other hospital
departments. This exploratory study will analyse infusion administration in the ICU
of UCH using the distributed cognition frameworks DiCoT and Resources Model.
Distributed cognition studies usually take ethnomethodological approaches to data
gathering and analysis: Furniss & Blandford (2006) used video recordings,
observations, and interviews; Webb (2008) used contextual inquiries and
interviews; Hutchins (1995b) relied on observations and audio/video recordings of
events in an airline cockpit. For this study, observations and interviews will be
conducted.
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The environments in which DiCoT and the Resources Model have previously
been applied are typically static ones. The ICU is a more dynamic environment,
where people and equipment are continuously shifting. This study will apply these
frameworks to the analysis of infusion administration in the ICU setting, and extend
them as required.
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3 METHOD
The method used for this study was an exploratory one from the outset and
consisted of an iterative cycle of data gathering and data analysis. Data on the
situated use of infusion pumps was collected through observational field studies in
the ICU. An initial data gathering strategy was planned, then subsequently adapted
as the study progressed, based on practical challenges and opportunities
encountered, and on learnings from reflections. The data was then preliminarily
analysed by building the representational models of DiCoT, and by applying the
Resources Model. The outcomes of these analyses guided further data gathering
efforts, with the objective of consolidating the representations created.

3.1 Data Gathering
The data gathering process comprised a total of 12 hours of observations and 6
hours of interviews done across 12 visits to UCH. Around 5 hours of observation
time were spent observing eight nurses at work, and the remaining 7 hours were
spent on general observations of activities and physical layouts. Eight nurses, one
nurse-in-charge, two senior educator nurses, one medical physicist, one doctor,
one healthcare assistant and one cleaner were interviewed.
Section 3.1.1 describes the initially planned data gathering method while
section 3.1.2 describes the adapted data gathering method. Before commencing
the data gathering, I had to apply for an honorary contract with the NHS and wait
for ethical clearance.
3.1.1 Planned data gathering
Data gathering consisted of observations, followed by interviews to address
questions raised during observations or to gather non-observable data. A list of
data gathering points was prepared to guide the observations and interviews.
3.1.1.1 Data gathering points
When conducting observations in a rich and complex environment such as the
ICU, a researcher needs to be prepared in terms of what data to collect, as it is
- 18 -

impossible to capture everything. Table 1 below describes the data gathering
points established for this study. The points in the section “Situated use of infusion
pumps” emerged out of the basic aim of this study, while the points in the sections
“DiCoT” and “Resources Model” were generated based on the principles belonging
to these frameworks.
Table 1: Data Gathering Points

Data Point

Method of Collection
Situated use of infusion pumps

How do nurses use infusion
pumps?
Interruptions and distractions
that occur

- Observations of nurses administering infusions
- Interviews of nurses

Difficulties of using the devices
Strategies to cope with these
difficulties
DiCoT
Social structures

- Interview of head nurse
- Documents on organisational structure
- Observations of interactions among nurses

Information flows

- Observations of nurses administering infusions
- Interviews of nurses, doctors and other staff

Physical layout

- Observations of bay/bed layout
- Still pictures of bay/bed layout

Artefacts

- Observations of nurses administering infusions

System evolution

- Interviews of nurses and other staff
- Interviews of medical physics staff
- Documents on past systems
Resources Model

Plans, Goals

- Observations of nurses administering infusions
- Interviews of nurses

States, Possibilities, Action- - Analysis of infusion pump interface
effect relations, Histories
3.1.1.2 Observations
Nurses using infusion pumps in the ICU would be approached and asked if they
could be observed. If a nurse consented, I would observe him/her, paying attention
- 19 -

to the data gathering points listed above in Table 1. Since video recording would
not be possible for privacy reasons, I would have take notes while observing. The
first observations would serve as pilots to shape the data gathering strategy and to
build up domain knowledge. The next observations would aim at gathering data for
analysis using DiCoT and the Resources Model. These analyses would give rise to
more

questions,

both

cognition-related

and

domain-related.

Subsequent

observations would focus on answering these specific questions, with the help of
interviews.
3.1.1.3 Interviews
Some types of communication and thought processes would be non-observable
by nature. To gain clarity on these, interviews would be held with nurses. I would
arrange a time and place with the nurse and conduct an audio-recorded interview.
Audio-recording the interview would free myself from note-taking and would result
in richer objective data.
3.1.1.4 Materials
The instruments that were planned to be used were observation sheets for
taking notes of observations, interview sheets containing interview questions,
participant information sheets and consent forms, an audio recorder for recording
interviews and a digital camera for taking still pictures of layouts and artefacts. The
participant information sheet and participant consent form are in appendix sections
8.1.7 and 8.1.8, respectively.
3.1.2 Adapted data gathering
Due to the constraints and challenges posed by the ICU environment and to a
lack of literature providing guidance on how to pre-plan studies in the ICU, I had to
adapt the initially planned method when I started the data gathering. Self-reflection
played a crucial role in adjusting the method to the demands of the situation. The
main challenges I encountered and the strategies I adopted to cope with them are
described next.
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Nurses had very limited availability, and any attention they would give to me
was sporadic and non-sustained. Also, it was hard to pre-arrange interviews given
the unpredictability of their work; on some occasions nurses agreed to be
interviewed but then postponed indefinitely. To cope with this, I conducted ad-hoc
and intermittent interviews, asking nurses a few questions at the bedside whenever
possible. These interviews were different from conventional interviews in that I did
not receive sustained attention from the participants, and they were different from
contextual inquiries (Beyer & Holtzblatt, 1998) in that I could not ask the questions
during the activity; rather I had to note them down and wait for an opportune
moment to ask them, which could be minutes or hours later. To make the most of
these small pockets of time that nurses would allocate to me, in terms of getting as
many questions answered as possible, I maintained a spreadsheet to keep track of
all questions, and quickly selected questions from it to ask. The questions were
segregated by distributed cognition aspect, priority and whether they were
observation-based or interview-based. The spreadsheet also helped me to cope
with the overwhelming number of activities happening in the ICU; I switched my
attention to activities that I judged would be most rewarding in terms of answers to
my questions. I did not have any existing domain knowledge of the ICU and
therefore devoted the first interviews to domain-related questions, and here also
the question spreadsheet was helpful to keep track of new questions that were
coming up. Appendix sections 8.1.1 and 8.1.2 show examples of the question
tracker for interviews and observations, respectively.
The main challenge in doing the observations was finding suitable locations and
times for observing activity. I looked for beds that did not have closed curtains, did
not have visitors, and had nurses in a state I deemed reasonable to approach, and
then recruited participants on the spot. Depending on whether it would be fine to be
in the line of sight of the patient, based on the nurse’s comfort level, I either stood
in the bay corridor and observed from a distance or stood at the bedside next to
the nurse. I used the first observation scenario to gather general data on activities
and on physical layouts, and the second scenario to gather data on information
flows and nurse-artefact interactions. On some occasions it was not possible to
find any observation spot; all beds were either closed, or had visitors, or had no
- 21 -

activity to observe. Then I used the time to interview other staff members, to
consolidate my notes, and to reflect on my approach. Some time periods of the day
proved to be inconvenient for observations. The patients’ resting time (from
visitors) was between 13:00 and 15:00, and I decided to not do any observations
then to avoid disturbing them. After this resting period, most patients had relatives
visiting them. I respected the atmosphere of isolation and quietness typically
desired by visitors, and refrained from doing observations in their presence. The
most convenient time I found was from the morning until 13:00.
The high mortality and morbidity of the ICU make it an extremely distressing
environment. I found it emotionally tiring and it limited my ability to do long
observations. I therefore preferred doing many short observations of 1-2 hrs rather
than fewer longer ones. Also, dealing with the nurses’ discomfort due to me being
present in front of the patients, and the feelings of awkwardness this induced in
myself, tired me psychologically in the beginning. Rapport building helped to cope
with this, and was important to get cooperation from different staff members. I had
to repeat the cycles of rapport building a few times, as the nurses in the bay were
changing daily. Eventually, the nurses’ familiarity with myself and the aim of my
study allowed me to observe in the background without disrupting their work or
drawing unwanted attention from them. One particular nurse who was very
interested in my study kindly offered to perform some simple tests together with me
on the infusion pump alarms. Appendix section 8.1.6 gives more details on rapport
building.
Note-taking was a crucial element of the data gathering process. Since video
recording was not possible for privacy reasons, I had to take notes while observing
activity in the ICU and had to draw sketches of physical layouts. Since audio
recording of interviews was not possible, because of their ad-hoc and intermittent
nature and the location (bedside), I had to note down participants’ responses. It
proved

challenging

for

a

single

person

to

simultaneously

do

the

observations/interviews and take notes - the latter can be distracting, causing the
researcher to potentially miss out on details of the observed situation or of the
interviewee’s response. Apart from observation notes and interview notes, I also
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had to record my reflections on the practical difficulties being encountered and on
the distributed cognition aspects, and the domain-related or cognition-related
questions that were arising while I was observing. I devised and used a codified
structured note-taking approach to record everything in the same notebook, the
rationale being that the sooner notes are taken the more thorough they tend to be,
without complicating the later processing of the data. The structure consisted of
note categories differentiated by codes: O for Observation, I for Interview, S for
Self-reflective thoughts and my actions, T for general thoughts, D for Difficulty, Q
for Question, and A for Answer. Table 2 below shows an example of the notetaking template, and appendix sections 8.1.3, 8.1.4 and 8.1.5 show examples of
original structured notes, original layout sketches, and word-processed structured
notes, respectively.
Table 2: Note-taking Template
Date (8th July, 2010)
Start time – End time (13:55- 14:55)
Time, Location (13:55, Bed 21)
O: Nurse x reads volume infused from pump and records it into computer
Q: Can nurse see pump light from other side of the bed?
S: Noted down structure of notice board
T: Should info flows between nurse and pump be covered in info flow model or in artefact model?
D: All beds are busy with visitors or have closed curtains
I: Nurse y said that she simply switched off the pump alarm as it was only a pre-alarm
A: Yes, nurse can see pump light from other side of the bed

3.2 Data Analysis
The collected data was analysed through the lens of distributed cognition, by
applying the DiCoT framework and the Resources Model, to create representations
in the form of diagrams and narratives for each DiCoT model. Unlike the approach
described by Furniss & Blandford (2006), in which four hierarchies of narrative are
created for each model (summary, detail, further notes and issues), I created a
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single level of narrative and highlighted issues separately; I found this approach
more practical for structuring the type of notes I had taken. To represent data that
could not be represented via the existing models of DiCoT, new models of System
Activity and Temporal Resources were created. For all models, the initial
representations created guided further data gathering efforts, aimed at refining the
representations. Appendix section 8.2 elaborates on how data was processed to
create the representations.

3.3 Data Validation
It was not possible to get time from a senior ICU staff member to review the
contents of the Results chapter. The future presentation of the results of the study
to the ICU staff (which will happen after the submission of this thesis) will serve as
data validation.
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4 RESULTS
4.1 Overview
This chapter summarises the results of the analysis conducted on the data
through the different models of the DiCoT framework. The High-level Input-Output
Model summarises the overall function of the ICU, viewed as a system. A System
Activity Model then describes the different activities that were observed in the ICU,
including the primary activity for this study, infusion administration, along with
secondary activities that could potentially influence it. Then, focusing on infusion
administration, the Social Structures Model analyses how well the social structure
of the ICU maps onto its goal structure, how work is shared, and how robustness is
achieved. The Information Flow Model describes the communication channels
amongst the actors involved and the key information processing characteristics.
The Physical Layout Model looks at how the spatial arrangement of the work area
aids cognition, facilitates communication among actors, and facilitates access to
artefacts. The System Evolution Model was abandoned because system change in
the ICU has been more revolutionary than evolutionary. The analysis done for it is
in appendix section 8.6. The Artefact Model examines a nurse’s interactions with
the artefacts involved in infusion administration by considering the information
resources required and accessed. The Temporal Resources Model looks at the
resources involved in infusion administration from a temporal perspective, to
provide insight into how a nurse could resume from interruptions caused by
secondary activities.

4.2 High Level Input-Output Model

Figure 1: High Level Input-Output Diagram for the ICU
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The High Level Input-Output Model, from the existing DiCoT framework,
summarises the overall function of the system in terms of input, system factors
influencing processing, and output. Figure 1 above indicates the overall function of
the ICU, that is to receive patients from other wards who are in a critical state and
are in need of intensive monitoring, or who need post-anaesthetic care, and to take
care of them until their condition is stable enough for them to be returned to normal
wards. Resources in the form of medical staff and medical equipment are allocated
to patients depending on the level of care required and on the availability of
resources, with the aim of maximising the quality and safety of patient care.
The UCH ICU is organised into five bays, a bay being a cluster of beds in a
separate room. Each bed has one or more nurses assigned to it at all times,
depending on the criticality of the patient. There is one doctor responsible for
making prescriptions for all beds in all bays. Nurses prepare intravenous
medications, administer them to the patient through infusion pumps, and monitor
the condition of the patient. The next section elaborates on the activity of infusion
administration and describes other activities that potentially influence it.

4.3 System Activity Model
The need for this new model emerged from the complexity and dynamism of
the ICU environment. While analysing the data, I saw that many things I observed
belonged to “secondary”

activities,

which were independent

of

infusion

administration, the “primary” activity for this study, and which contribute to
achieving the overall system goal of providing patient care. However, from the
holistic perspective of distributed cognition, these secondary activities could
influence infusion administration, by for example changing the physical
environment or causing interruptions. A System Activity Model describes all these
activities, first at a high level in the form of a consolidated diagram, and then at a
lower level in the form of a summary for each activity. For the primary activity,
another level of detail is added to describe the different tasks in that activity. For
each secondary activity, its influence on the primary activity is stated. This model
also sets the foundation for subsequent analyses in the Temporal Resources
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Model on interruptions caused by secondary activities to the infusion administration
activity.

Figure 2: System Activity Diagram for the ICU

Figure 2 above shows the primary activity, Infusion Administration, and the
secondary activities that influence it. The primary activity and three key secondary
activities are described below. The remaining secondary activities are summarised
in Table 3 on page 32 and their details are in appendix section 8.3.
4.3.1 Infusion Administration
This is the primary activity on which this study focused and it involves the
following tasks. The doctor examines the new ICU patient’s file to know which drug
prescriptions have been requested by the surgeon and/or anaesthetist, and to
decide which other drugs need to be prescribed. The doctor then enters all
prescriptions into the Electronic Patient Record (EPR).
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The nurse prepares and administers the required intravenous drugs to the
patient. This consists of the following sub-tasks:
1. The nurse reads the prescriptions from the EPR.
2. The nurse calculates the required medication dose and flow rate based on
medication information available in the Drug Chart menu of the EPR, taking
into consideration patient-specific parameters such as body weight.
3. The nurse prepares the medication at the required concentration, fills it into
the syringe/bag (syringe in case of a syringe driver pump or bag in case of a
volumetric pump) and primes the syringe/bag. Priming, as explained by a
nurse, means pushing the liquid to the tip of the syringe/bag so that no air
bubbles are given to the patient.
4. The nurse connects the syringe/bag to the infusion pump and to the patient.
5. The nurse programs the infusion rate (and optionally volume to be infused).
6. The nurse starts the infusion.
Thereafter, the nurse replaces the syringe/bag with a new one when required,
to ensure a continuous supply of the drug to the patient. The replacement
syringe/bag is usually prepared in advance for a smooth transition. The nurse also
checks the drug volume infused every hour and inputs it to the EPR, as a safety
precaution. If the nurse is concerned about the patient’s state, he/she contacts the
doctor, who examines the patient again. If required, the doctor updates the
prescriptions and the nurse changes the infusions accordingly. If the patient needs
to undergo surgery, the surgeon is contacted.
4.3.2 Patient Monitoring
The nurse(s) assigned to an ICU patient need to remain aware of his/her
condition to be able to react promptly to any deteriorations in condition; the patient
therefore needs to be within the horizon of observation, and nurses maintain
situation awareness by checking the patient physically and checking vital signs
from the life support system. Physical checks include asking the patient verbally if
he/she is alright, touching him/her, and checking if the lines from the infusion
pumps and life support system are still properly connected to the patient. The
nurse checks vital signs such as heart rate and rhythm, blood pressure, central
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venous

pressure,

and

oxygen

saturation,

by

looking

at

the

graphical

representations on the display of the life support system. The frequency of
checking these signs and the number of signs to be checked depend on the patient
criticality level. The life support system triggers alarms when some vital signs
become critical. However, it is very sensitive and some movements from the
patient can influence the vital sign readings; the nurse needs to check that the
connections are proper and that the patient’s position is not compromising the
readings, resulting in a false alarm. Nurses also need to measure the patient’s fluid
output for comparison with fluid input (from infusions) to regulate the fluid level of
the patient.
Some ways in which this activity could influence infusion administration are:


This critical activity could be interleaved with the activity of administering
infusions, potentially resulting in a multitasking scenario.



Infusions may need to be modified after a certain change in the patient’s
condition is detected. For example, when titrating a patient’s blood pressure
with an adrenaline infusion, the nurse needs to continuously check the blood
pressure and modify the infusion until the desired balance is reached.



If the life support system alarm goes off while the nurse is preparing an
infusion, this will be an interruption. Sometimes the beep sound from the life
support system is continuously on in the background, because the patient
has a device temporarily disconnected on purpose – this could be a mild
distraction.



If the patient’s state suddenly deteriorates or the nurse suspects something
is wrong, while she is preparing an infusion, she might need to stop and give
priority to calling the doctor.

4.3.3 Nurse-Nurse Interactions
I observed that nurses continuously communicate with each other for a variety
of reasons, and collaborate significantly. Nurses communicate with each other

- 29 -

casually to socialise and to share information about the states of patients, or
formally to give status updates to senior nurses and to do handovers with shift
colleagues. They collaborate to make their tasks easier and also as a means of
creating redundancies in the system (described in more detail in the Social
Structures Model).
Some ways in which this activity could influence the administration of
infusions are:


A nurse could get interrupted by another nurse, while administering an
infusion, to help out with something extremely urgent.



After a nurse starts an infusion and leaves the bed, another nurse in the bay
may come to interact with the pump, to switch off the alarm for example.



A nurse could get distracted by fellow nurses who stop by for a friendly chat
while administering an infusion.



A nurse could get interrupted by a senior nurse while administering an
infusion, for example to sign a drug administration sheet or to provide
requested information.



The quality of the shift handover determines how knowledgeable the new
shift nurse initially is about the state of ongoing infusions.

4.3.4 Equipment Movement
Medical equipment is continuously moved around in the ICU. It is common for
nurses to take pumps from other beds in the bay if these are not being used, if they
cannot easily get a new one from the medical physics stock. Also, there seems to
be some different understandings among staff as to whether infusion pumps
should be moved across hospital units or they should be kept at the same bed.
Nursing staff view the pumps as belonging to a particular bed or room or bay, while
the medical physics staff view all pumps as belonging to a common pool to be
shared across different units. This preference of nurses for keeping the pumps in
situ seems to have emerged out of the perception that there is a lack of pumps.
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The policy established initially was that pumps would follow patients when they are
moved to other units. The target unit would send a corresponding number of
pumps back to the ICU, to replace those that accompanied the patient. However, it
was discovered during a recent audit that this was not happening. Instead, staff
members were keeping pumps in their own rooms, and were writing notes such as
“belongs to ICU T3, please return” on the pumps. From a distributed cognition
perspective, the note is an externalisation of the nurse’s intention and need to use
the pump in the future to the rest of the system. “Stocking” the pump in a particular
place means possessing knowledge of where to find one later and avoiding the
trouble of looking for a spare one then.
This activity would influence infusion administration by causing changes in the
physical layout of the bed area, when pumps are displaced.
4.3.5 Other secondary activities
Table 3 below summarises the other secondary activities. Their details are in
appendix section 8.3.
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Table 3: Summary of Other Secondary Activities

Secondary
Activity

Description

Influence on Primary Activity

Medical
Equipment
Provision

- The Medical Physics team
is responsible for providing
medical equipment to staff.
- Nurses take defective
pumps to the medical
physics office, and take a
spare pump.
- According to nurses,
sometimes they cannot get
a replacement from there,
and take spare pumps from
other beds.

- If a pump breaks down while a
nurse is interacting with it, it is a
serious and frustrating interruption.
Then, the ease with which the
nurse can find a replacement pump
determines how quickly the
infusion can be resumed.

Cleaning &
Maintenance

- The ICU has very strict
hygiene requirements, and
the beds and bays are
cleaned regularly
throughout the day.

- By causing changes in the
physical layout. A nurse might
need to reconfigure the physical
setup before starting infusions.

Patient
Movement

- Patients typically stay in
the ICU for one night,
resulting in high daily
patient traffic.
- Infusion pumps follow
patients to other wards if
infusions are still required.

- The displacement of infusion
pumps means that the physical
layout of the bed area would be
changing, and nurses might need
to bring in new pumps or
reconfigure the infusion station
before starting infusions
- This also raises the question of
whether nurses interact with the
pump during patient movement.

Specialist
Consultations

- Specialists visit the ICU
regularly to check patients
or to respond to
consultation requests.

- By resulting in communications
that could change the infusion
requirements.

Other Patient
Care

- Patient care also consists
of other activities such as
the provision of meals.

- By changing the physical layout
or serving as distractions. For
example, a nurse could be
hindered by a food trolley behind
him/her, blocking his/her line of
sight to the infusion attachments.

The remaining models in this chapter focus on the Infusion Administration
activity. The next model looks at how cognition is socially distributed in the ICU.
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4.4 Social Structures Model
The Social Structures Model, from the existing DiCoT adaptation by Webb
(2008), aims to understand how the social structures of the organisation map onto
the goal structures of the system, how cognition is socially distributed, and how the
system learns through the developing knowledge of the actors. I have scoped the
analysis around the main social structures involved in the activity of infusion
administration.

Figure 3: Social Organisation of Infusion Administration

4.4.1 Mapping between social structures and goal structures
A hierarchical structure can map to a goal structure in a way that superordinate
and subordinate share responsibility to ensure that sub-goals of the overall goal
are satisfied. Figure 3 above represents how the goals for infusion administration
are shared across the social hierarchy.
There are two nurses in charge, one for the North ICU (side-beds and Bay 1)
and one for the South ICU (Bays 2 to 5). Since most of my observations and
interviews were conducted in the South ITU, I refer to its organisational structure,
taking Bay 4 as example, although the North ICU has the same structure. The goal
of the Nurse-in-Charge, g1, is to provide nursing care to all patients in the bays of
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her division. Preparing the daily nurse shift plan is an important task of the Nursein-Charge.
The Nurse-in-Charge and the Bay Coordinator share the sub-goal (sg1) of
providing nursing care to all patients in a particular bay. The Bay Coordinator is
responsible for all patients in a particular bay and ensures that inbound and
outbound patient movements happen smoothly. The Bay Coordinator and the
Nurse share the sub-goal (sg11) of providing nursing care for a particular bed in
the bay. The Bay Head Nurse is a nurse who, on top of her nursing duties, also
liaises with the Bay Coordinator on behalf of the other nurses in the bay.
The Doctor and the Nurse share the sub-goal (sg2) of treating the patient with
the required drugs and sustaining the patient with life support mechanisms. The
doctor’s individual part is to examine the patient, to prescribe drugs into the
computer system and to connect some life support components, such as arterial
cords, to the patient. The nurse’s individual part is to administer the required drugs,
to monitor the condition of the patient, and to maintain the patient’s record.
To treat and monitor the patient, a Nurse has individual sub-goals (sg111),
some of which are activities defined in the System Activity Model, such as Infusion
Administration and Patient Monitoring. Apart from being responsible for the patient
assigned to him/her specifically, a Nurse also feels some responsibility for other
patients in the bay. During the handover at the start of the day, a nurse is briefed
on all patients admitted to his/her bay. In case of emergency, or to provide cover
while a patient’s assigned nurse is away, the nurse could intervene on the patient’s
infusions if required. This can be viewed as another sub-goal (sg3) shared among
all nurses in the bay.
Despite the existence of this formal structure, relationships amongst actors
seem to be more web-like. One of the ICU goals displayed on the notice boards in
the bays is to make the environment as positive and friendly as possible, to
decrease the feelings of morbidity and mortality prevalent in the ICU. Having a
social structure where nurses and other clinicians are encouraged to socialise with
each other through informal chats helps to achieve this.
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4.4.2 Social distribution of cognition
The social structures influence the way cognition is distributed in the system
and the way robustness is achieved.
4.4.2.1 Sharing of work
Nurses collaborate significantly and help out each other in their tasks. The help
is not really planned and they just ask for it when required. For example, I
observed a nurse come to a bed where a senior nurse was overseeing a trainee
nurse prepare an infusion, to ask the senior nurse if she could borrow the trainee
nurse later to help to lift something in the other bay. Help is required when
admitting a new patient, as up to three nurses can be needed to get the handover
from the other hospital unit, sort out the initial assessment and prepare the
infusions. I observed a situation where three nurses were working in parallel at a
bedside: one was stacking infusion pumps, one was checking the life support
system and one was updating the patient’s record. When more than one nurse is
explicitly assigned to a critical patient, work needs to be split among the nurses.
Even then, nurses willingly take on the tasks of their colleagues. I observed one
nurse clean a set of infusion pumps, after which her colleague came back and,
positively surprised, exclaimed: “Oh thanks! You did the work for me!”
4.4.2.2 Ensuring system robustness
Some ways in which the social structures existing help to achieve system
robustness are listed below.


While having informal chats with one another, nurses share information about
their patients, effectively propagating state information through the system. This
form of redundancy means that a nurse intervening on the infusions of a patient
could already possess knowledge about the patient’s condition, and hence be
better prepared to cope with an emergency. Situation awareness is thus
maintained at bay level in addition to the bed level.



While collaborating or even communicating informally, nurses share their
expertise and advise each other. For example, one nurse might ask another
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nurse for her opinion about a patient’s condition. Also, there is a greater chance
of detecting and preventing potential errors, as nurses double-check each
other. For example, I observed that one nurse was about to start a task with his
gloves on, but his colleague reminded him that he still had them on and that it
might be better to remove them first.


The nurse shift is planned such that there is a mixture of experience levels in
each bay. Each bay will have junior nurses, senior nurses and mentors of the
junior nurses. Additionally, there are 6 different nurse pools, called nurse lines,
and the shift plan tries to incorporate a mixture of nurses from different lines
(the lines are arbitrary and there is no particular distinction among them). This
allows a nurse to work with many different nurses, creating relationships and
promoting knowledge exchange.



During the daily shift handover, a nurse is briefed on his/her particular patient,
on all patients in his/her bay and on all “hot” (extremely critical) patients in the
ICU. This means that a nurse has enough knowledge to intervene in case of
emergency at the neighbouring bed or any other bed in the bay if required. This
makes the system more resilient.

4.4.3 Development of knowledge
The social structures also influence the way the system learns through the
developing knowledge of practitioners and the way knowledge is retained within
the system. Nurses do an ICU course as part of their 3-year degree in nursing.
They are given very sick patients with multiple organ failures to attend to under the
supervision of their mentors. I observed a trainee nurse prepare an infusion under
the supervision of a senior nurse. A few senior educator nurses, who train new
nurses on infusion pump use, have in-depth knowledge of the functionalities of the
pumps and associated procedures.
Important information, such as a new intravenous line dressing being put in
use, is posted on notice boards in the coffee room. This illustrates how the coffee
room serves both as a social area and as an area where system information is
shared, and how the two can be linked. Another platform for knowledge exchange
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is staff meetings; problems faced and solutions for them are shared, allowing the
actors of the system, and hence the system itself, to learn.
4.4.3.1 Issue
Some nurses indicated that they knew only very few pump functions and would
like to know more, and that they had been trained only once on the use of the
pumps. For example, one nurse was not aware that it was possible to start a
continuous flow infusion without specifying a “Volume To Be Infused.” Another
example, regarding the administration of bolus amounts, is explained in appendix
section 8.5.1.
The next model focuses on the information flows among the main actors
involved in infusion administration.

4.5 Information Flow Model
This model, from the existing DiCoT framework, describes the information flows
that exist in the activity of infusion administration in terms of the communication
channels among actors and of the key flow properties. I scoped the analysis
around the actors who seemed to be most important for infusion administration: the
patient, the nurse and the doctor.
4.5.1 Communication channels

Figure 4: Information Flow for Infusion Administration
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Figure 4 above shows the main information flows in infusion administration and
Table 4 below summarises the corresponding communication channels. Appendix
section 8.4.1 describes the communication channels in more detail.
Table 4: Information Flow: Communication Channels

Actors
PatientNurse

Description of Communication

Communication
channels

- The nurse informing the patient of the drugs being - Verbal
administered to him/her.
- The nurse asking the patient to cooperate with
body movements when fitting infusion lines.

- Verbal, Touch,
Gestures

- Nurses continuously update the EPR and the
doctor can refer to it if required.

- EPR

- The doctor prescribes drugs in the EPR and the
nurse refers to it to know which drugs to administer
to the patient.

- EPR

- A nurse contacts the doctor to discuss the
condition of the patient when concerned.

- Face-to-face

PatientDoctor

- When assessing a new patient or examining a
patient after deterioration in condition, the doctor
interacts with the patient face-to-face (assuming
the patient is conscious).

- Face-to-face

NurseOther
Nurse

- Formal communication happens for shift
handover, for administrative formalities, or when
asking for assistance. For shift handover,
communication happens through the EPR and
face-to-face at the bedside.

- Face-to-face,
EPR

- Nurses communicate informally to maintain a
friendly environment. This happens face-to-face,
when a nurse visits the neighbouring bed, or
verbally when a nurse going through the corridor
voices something out to another nurse. During
such conversations, they often discuss the details
of patients, effectively propagating information
through the system.

- Face-to-face,
Verbal

NurseDoctor

4.5.2 Key flow properties
The doctor acts as an information decision hub, taking information from his own
examinations, from other specialists and from nurses, to decide what drugs should
be prescribed for the patient. The nurse also acts as an information decision hub,
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taking information about the patient’s vital signs from the life support system, and
drug-specific information from the computer system, to decide on the drug
concentrations that are required to stabilise the patient.
The nurse acts as an information filter, presenting to the doctor only the
information necessary for deciding on patient treatment in a particular situation
from all the other information available on the patient. Communication among
actors and their access to artefacts are influenced by the physical layout of the
environment. The next model examines the physical layout of the ICU.

4.6 Physical Layout Model
The Physical Layout Model, from the existing DiCoT framework, analyses how
the layout supports communication among actors and access to artefacts. Hollan,
Hutchins, & Kirsh (2000) state that when space is used well it reduces the time and
memory demands of our tasks, and increases the reliability of execution. Spatial
arrangements can simplify choice, can simplify perception or can simplify internal
computation. I analyse the physical layout of the ICU first at the bay level, then at
the bed level, and finally at the infusion station level. In their respective studies,
Furniss & Blandford (2006) and Webb (2008) did the analysis at the room and desk
levels. In this study, I add the infusion station level to analyse how its different
components are arranged spatially, because the infusion pump is a key focus of
this study. The UCH ICU consists of 5 bays with a total of 36 beds. Each bed has
an infusion pump station next to it.
4.6.1 Bay level
Figure 5 below shows the layout of Bay 4. There are minor differences in the
layouts and number of beds of different bays, due to differences in physical
dimensions, but all follow the same general pattern.
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Figure 5: ICU Bay Layout

4.6.1.1 Communication (access to actors)
The dotted lines in Figure 5 are bed curtains, which can be open or closed. This
open layout of the bay facilitates the movement of people from the corridor to the
beds and from bed to bed. This allows nurses to interact with each other easily,
and for other consultants/staff passing by to communicate with nurses at bedsides
easily. Assuming the bed curtains are open, nurses can also see patients at
opposite beds, providing situation awareness of other patients as well. At some
times, non-accessibility to beds might be a wanted feature. Then, the bed curtains
are closed to maintain privacy in the bed area. The office & storage space also
serves as an area where nurses and other clinicians regroup for discussions. In
essence, the setup facilitates the propagation of information among actors of the
system and allows nurses to maintain situation awareness at the level of the bay.
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4.6.1.2 Access to artefacts
The bay notice board is located straight ahead of the bay entry, in the line of
sight of incomers. It contains general news for staff, information such as Bay Team
contact details, and reminders for nurses to label patients’ infusion lines with their
insertion dates. The latter is effectively an externalisation of a goal that nurses
have while preparing infusions. The open layout of the bay makes it easy for
nurses to access artefacts at opposite or adjacent beds if required, helping to make
the system robust. For example, I observed one nurse respond to the pump alarm
at the opposite bed by going there to switch if off, telling me it was a notification
that the syringe would be over soon.
4.6.2 Bed level

Figure 6: ICU Bed Layout

4.6.2.1 Communication (access to actors)
The bed area is large enough to accommodate several clinicians at the same
time, allowing collaboration on problem solving, when for example the surgeon, the
doctor and the nurse are deciding what to do next after serious deterioration of a
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patient’s condition. The layout allows the nurse to simultaneously prepare infusions
and communicate with the patient (by talking and/or by hearing moans) to maintain
situation awareness of the patient’s state, in spite of the nurse’s changing visual
horizon of observation.
4.6.2.2 Access to artefacts
The main artefacts used by the nurse during infusion administration are the
infusion pump, the EPR and the syringe/bag containing the drug. The medical table
(which stores medical supplies and is used as a working surface to prepare
infusions), the computer terminal and the infusion station are located close
together, as can be seen in Figure 6 above, facilitating the coordination of
information resources represented by these artefacts. For example, while
preparing the drug, the nurse might need to refer to the medication details on the
computer screen several times. While recording the hourly infusions into the
computer, the nurse needs to read the volumes infused off the infusion pumps and
map these to the correct drugs on the computer screen. The Artefact Model will
elaborate on the information resources that these artefacts represent.
The layout of artefacts around the bed is such that they can all be manned at
the same time by different clinicians. This allows actors to work on different
activities of the system in parallel. I observed a situation where three nurses were
working at a bedside; one was preparing infusion pumps, one was entering patient
details into the computer terminal and one was checking the readings on the life
support system.
4.6.3 Infusion station level
An infusion station consists of a pump rack with slots for pumps, as shown in
Figure 7 below, and an extendable arm with a bag holder, as shown in Figure 8
below. An infusion station typically has two to three active pumps, but in some
cases there can be up to eight, with for example two volumetric pumps and six
syringe drivers, adding to the complexity of the setup. The number of pumps in a
station will change, when pumps accompanying an incoming patient are added or
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when pumps accompanying an outgoing patient are removed, or when an inactive
pump is taken to another bed.

Figure 7: ICU Infusion Station Layout – Pump Rack

Figure 8: ICU Infusion Station Layout – Bag Holder and Tube Connection

- 43 -

The line connecting a syringe/bag to a patient is colour-coded depending on the
type of infusion. For example, epidural anaesthesia lines have orange attachments,
as shown in Figure 8 above. This makes the recognition of the type of infusion a
perceptual task rather than a cognitive one. Nurses are required to label infusion
lines with drug names and insertion dates, to know when lines need to be changed.
The labelling ensures that this information is shared with any other shift nurse
looking after the patient.

Figure 9: Infusion Status Lights

There are two levels of alarms: the pump level and the station level. Each pump
has two status lights: a yellow one for pre-alarms and reminders, and a green/red
one for infusion running/alarm. In Figure 9 above, the yellow light is at the left and
the green light is in the centre. Note that there is a third blue light on the right, for a
functionality not used at UCH. An alarm can be device-related (e.g. when there is a
software problem) or operation-related (e.g. when the syringe is empty). At the top
of the infusion station a light indicates the general status of all pumps. If at least
one pump has its alarm triggered, this general light is yellow or red, depending on
which alarm it is, otherwise it is green. A nurse normally gets alerted by this
general alarm, which is accompanied with a beep sound, before scanning the
pumps to see which one caused it. Since the same alarm is used for all problems,
a nurse has to read the message on the pump to know the nature of the problem,
but the yellow and red lights allow distinguishing between reminders and actual
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problems. The reminder alarm gets triggered 10 minutes before the syringe/bag
runs out, to give enough time to prepare an infusion replacement. The pre-alarm
can be viewed as reducing the cognitive work of the nurse, by externally
representing the goal of having to change the syringe soon. The alarm can be
viewed as an information signal that pre-emptively draws the attention of the nurse
from other activities to infusion administration.
4.6.3.1 Issues
The order of the pumps in the station does not necessarily match the order in
which the drugs are prescribed in the computer system. This lack of natural
mapping means that whenever entering hourly volume intakes into the computer, a
nurse has to first check which pump is administering which drug. A natural
mapping would make this readily perceivable. Some nurses mentioned they would
arrange the pumps in the same order if they would have enough time to do so,
while others mentioned that even if the pumps were arranged in order, they might
anyway have to be checked again every time as a safety measure.
The volume of drug infused in the last hour is not readily perceivable. With the
volumetric pump, a nurse needs to navigate through the menu of the pump to find
and read the measurement. With the syringe driver, nurses tend to read the
volume off the syringe directly. However, to do this, they sometimes need to
position themselves awkwardly or displace the syringe, to be able to read both the
drug label and the volume label off the syringe, when the positions of the labels are
as shown in Figure 10 below. The drug labelling should be done such that it is
readily perceivable in the normal position of the syringe.
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Figure 10: Syringe inside Infusion Pump with drug and volume labels

This model looked at how the physical environment of the ICU supports
cognition. The next model analyses how cognition is distributed between an actor
and artefacts during the task of administering an infusion.

4.7 Artefact Model
The Artefact Model, from the existing DiCoT framework, analyses how the
design, structure, and use of artefacts support activity. I analyse the interactions of
a nurse with the main artefacts involved in the Infusion Administration activity.
These are the infusion pump, the EPR and the drug syringe/bag. Webb (2008)
applied the Resources Model when analysing the interactions of line control staff
with key artefacts, indicating which key information structures were represented by
artefacts. I extend this approach by systematically applying the Resources Model
to each step involved in the task of starting a constant flow rate infusion, to
describe the information resources accessed by the nurse, how they are
represented, and the implications for the interaction. To achieve this, I map the
Resources Model to a state-transition diagram, and then describe the different
steps of the infusion task as state transitions.
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4.7.1 Mapping the Resources Model to a state-transition diagram
In order to apply the Resources Model to analyse the task of starting an
infusion, I propose to think of the model in terms of state transitions. I adopt this
perspective when analysing the infusion task in the next section, and it forms the
basis for the development of the Temporal Resources Model in the next chapter.
The following are the definitions of the main concepts of the Resources Model, in
relation to state transitions.

Figure 11: Mapping the Resources Model to state transitions

1. In Figure 11 above, A, B, C, D and E are system states. A state is a specific
collection of relevant values of objects featuring in an interaction. B is the
current state of the interaction. While I elaborate on the concept of a state later
in the Temporal Resources Model, on page 57, this definition should suffice at
this point.
2. ABE is the plan – the required sequence of states to complete the task.
3. In state B, state E is the goal – the next state to be reached as per the plan.
4. 1, 2, 3 and 4 are actions. Actions 3 and 4 are the possibilities when in state B.
5. In state B, the already executed sequence of AB is the history.
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6. The fact that doing action 4 when in state B leads to state E is the action-effect
relation between action 4 and state B.
7. A plan following strategy is when the user already knows before the
interaction starts that goal sequence ABE needs to be achieved by doing
actions 1 and 4.
8. A goal matching strategy is when, while in state B, the user knows that goal E
needs to completed, but does not know beforehand which action to perform.
The user relies on action-effects to decide which possibility would produce the
desired result. In this case, knowledge of the action-effect relation between
state B and possibility 4 would lead the user to pick possibility 4.
9. A history-based elimination strategy is when the user chooses the next action
to perform by eliminating possibilities that have already been tried. For
example, the user tries possibility 3 while in state B but fails to reach state E.
The user then tries possibility 4 and succeeds to reach state E.
Wright, Fields & Harrison (2000) define an interaction sequence as a number of
steps from one resource configuration to another. In this analysis, I define a
number of system states and treat a change in state as the resource configuration
change delineating one step in the interaction sequence (note that as per their
broad definition, steps could also be defined based on changes in the other
information resources, as changes to them also cause resource configuration
changes). Only logical actions are considered and not the physical instantiations of
these actions. An important element of the interaction is coordination among the
different information resources involved. The ease of coordination is determined by
the location and physical attributes of the implementation of the information
resources.
As the level of granularity of the analysis is increased, more information
resources can be defined for sub-steps of a particular step. The analysis here has
been scoped at an abstraction level low enough to understand how it is ensured
that the correct drug is administered to the correct patient at the correct dose rate.
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4.7.2 Starting a constant flow rate infusion
The task considered is starting a constant flow rate infusion, described
previously in the Infusion Administration activity on page 27. The objective is to
have the correct drug being infused to the correct patient at the correct dose rate.
To achieve this, a nurse has a pre-computed plan obtained through training, which
is represented internally. Therefore the interaction strategy being used, at the task
level, is plan following. At lower sub-task levels, goal matching or history-based
elimination strategies could also be used depending on resource configurations
available at specific points.
The system states defining the interaction sequence are:
0. Starting state
1. Patient’s details known
2. Drug to be administered decided and infusion flow rate calculated
3. Syringe/bag prepared with drug
4. Infusion pump turned on
5. Syringe/bag connected to infusion pump and to patient
6. Infusion rate programmed
7. Infusion started
In the following, I refer to a step as a transition from one of the aforementioned
states to the next and elaborate on each of the seven steps by describing the
information resources accessed by the nurse. Step 1 refers to the actions involved
in moving from state 0 to state 1. These steps are based on my observations of
nurses administering infusions, and I validated them with a senior nurse. Note that
my interpretation of the extent to which the EPR serves as an information resource
is based on verbal descriptions I got from a nurse; I was not allowed to see/analyse
the EPR because of patient confidentiality. It could be that in practice the EPR
provides more information representations than those mentioned in my analysis.
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4.7.2.1 Step 1: Accessing the patient’s details
The goal of this step is to see which medications have been prescribed for this
patient. This information is contained in the EPR. After the nurse logs into the
computer system, a list of patient names with corresponding bed numbers is
displayed. The nurse needs to choose the correct patient name or bed number.
The interaction style at this point is goal-matching. The goal is the bed number of
the nurse’s patient and is externalised as the bed number sign on the wall behind
the bed (see Bed Layout, Figure 6, on page 41). The set of possibilities is the list of
all bed numbers and is externalised on the computer display. The action-effects
are that for each bed number in the list, if the nurse clicks on that bed number, the
EPR of the corresponding patient will be displayed. Once the nurse selects the
correct bed number, the patient’s details are displayed on-screen.
4.7.2.2 Step 2: Deciding which drug to administer and calculating infusion rate
The first goal of this step, represented internally, is for the nurse to know what
drug to administer to the patient. The nurse accesses the Drug Chart menu for this
patient, where the drugs prescribed are listed. Assuming that several intravenous
drugs are prescribed and that some of them are already being administered, the
interaction style here would likely be history-based elimination. The nurse would
look at the history of drugs already being administered, represented externally in
the EPR and by the physical ongoing infusions, to see which drug(s) still needs to
be administered and to pick one of them. Alternatively, the nurse might know
beforehand which drug to administer, e.g. after prescription of a new drug.
The second goal is calculating the infusion flow rate. After clicking on a
particular drug in the Drug Chart menu, the details for preparing an infusion with it
are displayed, acting as an external representation. Using the information provided,
the nurse needs to calculate the required dose rate, taking into consideration
patient-specific parameters such as body weight. Then he/she needs to calculate
the infusion flow rate based on the dose rate and the concentration of the drug.
The calculations can be done and stored on the computer, acting as external
representations.

- 50 -

4.7.2.3 Step 3: Preparing the syringe/bag with medication
The nurse prepares the medication at the required concentration and then fills
the syringe/bag with it. The nurse sticks a label onto the syringe/bag, describing
the drug and its preparation. The nurse then primes the syringe/bag, which means
pushing the fluid to the tip of the syringe/bag so that no air bubbles are given to the
patient.
4.7.2.4 Step 4: Turning on the infusion pump
A trained user would already know which button to press whereas a novice user
would rely on possibilities and action-effects. The possibilities are the control
buttons that could be pressed, represented externally as shown below in Figure 12
and Figure 13, and the action-effects are the mappings between pressing the
buttons and the resulting system states while in the current state. The action-effect
of pressing the Power button is represented externally, as the button has a
commonly known icon.

Figure 12: Infusion Pump Controls – see next figure for close-up
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Figure 13: Close-up of Infusion Pump Controls

4.7.2.5 Step 5: Connecting the syringe/bag to the infusion pump and to the patient
For the syringe driver, the nurse opens the flap of the pump, pulls out the
syringe holder to the left and places the syringe inside it. If the syringe is placed
incorrectly, the message “Invalid syringe” is shown on the display. This external
representation guides the nurse until the syringe has been placed correctly. Once
the syringe is placed correctly, the nurse closes the syringe holder and is then
prompted by the pump to select the correct syringe brand and type from a list
shown on the display. The interaction style at this point is goal matching. The nurse
selects the syringe brand with the arrow keys and confirms with the “OK” button.
The nurse then connects one end of an intravenous tube to the syringe and the
other end to the patient through a catheter.
For the volumetric pump, the nurse presses the Open Pump button to open the
pump door, and is prompted to confirm the action with the arrow up key (“Yes”).
The nurse then fits one end of an intravenous tube, which is connected to the bag,
into a “line inlet” inside the pump and fits the other end, which is connected to the
patient through a catheter, into a “line outlet” inside the pump. The nurse then
closes the pump door.
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4.7.2.6 Step 6: Programming the infusion rate
On the main menu, the infusion rate menu is the first option and is already
highlighted as the currently selected item, representing the goal of this step
externally. The menu is accessed by hitting the “” arrow button. This action-effect
is represented externally by the “” arrow shown at the end of the menu item on
the display.
Within the rate menu, the rate is displayed as a number of digit spots with a
decimal point (“ _ _ _._ _ “) and the first spot is pre-selected. The nurse enters the
value for the first digit by using the up and down arrow keys. Every up or down key
press increments or decrements the digit. To move left or right across the digit
spots, the left and right arrow keys are used. These action-effects are not
represented externally and need to be known by the nurse. Once the correct digits
have been entered, the nurse confirms by pressing the “OK” button. This actioneffect is represented externally in the display; a graphic version of the “OK” button
is displayed followed by the text “Confirm”. After the value has been confirmed, the
main menu of the pump is displayed.
4.7.2.7 Step 7: Starting the infusion
To start the infusion, the nurse presses the Start/Stop button. This action-effect
is represented externally through the text on the button. Then, the display of the
pump switches to RUN mode, showing the current infusion rate as shown in Figure
14 and Figure 15 below. This external representation serves as a history marker
that the infusion has already been started.
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Figure 14: Infusion Pump Display in RUN mode

Figure 15: Close-up of Infusion Pump Display in RUN mode

4.7.2.8 Issues
Throughout the task, the nurse needs to coordinate an internal plan
representation with internal or external history representations to keep track of the
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current state in the plan. Having an external representation of the plan would help
reduce the cognitive demands on the nurse, especially in the event of interruptions.
This is explored in more detail through a Temporal Resources Model in the next
chapter.
Referring to interactions of the nurse with the pump controls, the action-effect of
pressing each of the buttons is represented externally through text on the button,
e.g. “Start/Stop” button, or a commonly used icon, e.g. “Power” button, except for
the “Value-reset/Back” button. Arguably, the action-effect of pressing the latter is
not represented in a clear way; the “C” character is indeed commonly used for this
purpose, but the green colour of the button, as seen previously in Figure 13, could
be ambiguous for the user.
4.7.3 Variation of infusion task – programming VTBI
There is a variation of the previously described and most commonly used
strategy. In addition to programming the infusion flow rate, it is possible to program
a Volume To Be Infused. After this volume has been administered, the pump stops
the flow.
4.7.3.1 Issue
Senior educator nurses have discouraged the practice of programming VTBI for
continuous infusions with the syringe driver, after a critical incident. A nurse
programmed a volume of 50 ml on a syringe driver pump, changed the syringe
after 45 ml had been dispensed, but then forgot to reprogram the pump to run for
another 50 ml. Consequently the pump stopped the flow after dispensing 5 ml from
the new syringe and the patient stopped receiving the drug. From a distributed
cognition point of view, the pump should externalise and enforce a goal of
reprogramming or confirming the VTBI onto the user after a syringe handling
operation is detected; the flow should not be resumed until the nurse explicitly
confirms the VTBI.

- 55 -

4.7.4 Recording hourly drug intake
To record the hourly intake of a drug with the syringe driver pump, the nurse
opens the flap, checks the volume level of the syringe, and records the value into
the computer system. With the volumetric pump, the nurse needs to access the
Status menu from the Main Menu, go to the Intermediate Parameters option, read
the volume infused, and then reset the counters to zero.
4.7.4.1 Issue
The operation of reading and resetting the volume infused with the volumetric
pump takes 8 key presses in all, including navigation. Nurses find this timeconsuming and think that having a button for directly resetting running counters,
like one of the previously used pumps had, would greatly facilitate their task.
This model showed how artefacts represent information resources that support
the user in cognitive work during infusion administration. The next model examines
how information resources evolve during a task, and how they could aid the user to
recover from interruptions.

4.8 Temporal Resources Model
Applications of the Resources Model have proven that the analysis of how
information resources are represented across actors and artefacts can help
understand the different interaction strategies employed by users depending on
resource configurations, and yield helpful insights for interaction design. However,
the Resources Model lacks a temporal dimension showing how the information
resources collectively evolve throughout an interaction. The need for this temporal
dimension emerged when I was analysing how nurses could recover from
interruptions that secondary activities could cause to the primary activity of infusion
administration. To put these interruptions in context, it was necessary to
understand the temporal evolution of the information resources involved in the
primary activity. I have developed a Temporal Resources Model that captures how
information structures and their representations collectively evolve during an
activity. It allows the analysis of possible strategies for recovering from an
interruption at a specific point in time by providing a snapshot of the resource
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configuration at that point. The model is activity-centric and it abstracts away from
specific interactions.
4.8.1 Temporal resources of infusion administration
The model is based on the analysis of the task of starting a constant flow rate
infusion described in the Artefact Model, page 49. The steps described there have
been mapped to a representation showing the cumulative resource configuration at
each state. The representation is shown in Figure 16 on the next page, followed by
an explanation of the notation used.
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Figure 16: Temporal Resources of Infusion Administration
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The notation used in Figure 16 is explained below.


State: it describes the current state in terms of the goal that was achieved in
the last state transition. For example, referring to State 1 in the diagram, “State
1: Patient’s details known” means that in this state the patient’s details have
already been accessed and the corresponding information resources have
been made available.



Goal: it describes the next state to be reached and the actions that will be
executed in the current state to do so. Referring to State 1 in the diagram, “Goal
2: Deciding which drug to administer and calculating infusion flow rate” means
that in this state, the nurse is performing actions and decisions to know which
drug to administer and at which flow rate.



Internal Resource Representations: in this column, all internal resource
representations accumulated so far are listed, with an indication of which goal
they map to. Referring to this column of State 1 in the diagram, “Pre-computed
task plan [0]” is the plan that the nurse intends to follow to start the infusion. It is
pre-computed because the nurse would have obtained it while being trained
and/or through experience, and already possessed it before the task started. It
is therefore denoted with [0]. It is internal because at this point, it is all in the
nurse’s head; there is no external resource telling the nurse what sequence of
steps to go through (such as an instruction manual or a chart describing the
procedure).



External Resource Representations: in this column, all external resource
representations accumulated so far are listed, with an indication of which goal
they map to. Referring to this column of State 1, “Patient’s details on computer
screen [1]” is the EPR displayed on the computer screen after the nurse logged
into the computer system and accessed the patient’s record using the external
resource “Patient’s bed number on sign behind bed [1]” as a reference. They
are both denoted with [1] because they were made available (in the case of the
first) or were brought into the context of the activity (in the case of the second)
while the nurse was working on completing Goal 1.
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Last Goal Representation: this indicates which resource, preferably external,
could represent the fact that the previous goal has already been accomplished,
thereby serving as a marker to remind the nurse of the current state of the plan,
in coordination with the plan representation. In some situations, the nurse could
coordinate a mixture of internal and external representations to know the
current state. For example, if there is no external Last Goal representation, but
there is one for the last but one completed goal, the latter could help activate
any internal representation that the nurse has for the last completed goal,
through associative priming (Altmann & Trafton, 2002), to help him/her
remember the current state.



Current Goal Representation: this indicates which resource, preferably
external, the nurse can use to know what is the current goal to be completed,
and hence which actions have to be performed in the current state. Referring to
the Current Goal representation of State 1 in the diagram, there is no external
representation. Instead, the nurse has to coordinate the Last Goal
representation, which is the patient’s details on the computer screen, with the
internal plan representation to know the current goal. Note that the presence of
an external Current Goal representation makes the last goal representation
obsolete.



Transition Arrow: the arrow signals the transition to the next state of the task
by accomplishing the current goal.

4.8.2 Influence of secondary activities on infusion administration
Using the temporal representation shown in Figure 16 previously, it is possible
to analyse how a nurse could recover from an interruption caused by a secondary
activity, and also what could be the effect of multitasking on the nurse’s cognitive
load.
In the analysis, I assume the following relations between nurse cognition and
information resource representation:
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Having resources represented externally rather than internally is desirable in
general as it lessens the cognitive load of the nurse. Conversely, internal
representations contribute to cognitive load.



If an external representation is available for an information resource, the nurse
would prefer to use it rather than create an internal representation for it (this is a
simplification that does not always hold true, as there are situations where
people still prefer creating internal representations).



Internal representations decay over time when not being used, and can
eventually be “forgotten”. Internal representations are effectively items in the
working memory of the nurse. Altmann & Trafton (2002) state that the activation
level of working memory items decay over time and that if activation goes below
a certain threshold, the item can become inactive and invisible to the system
(resulting in the user committing slips such as post-completion errors).



Wherever an external representation is not available for an information
resource, the nurse has some kind of internal representation instead, which
could be active or inactive. If it is a representation being used for completing the
current goal, it would still be active. If it was used only for completing previous
goals, and has therefore decayed without being re-activated, it could have
become inactive.



Wherever the Current Goal representation is internal, I do not cumulate it to the
next state. This is for practical reasons – the nurse would most probably
abandon it as soon as the goal has been completed. An external Current Goal
representation, on the other hand, could persist into future states as a
representation of an earlier completed goal. In the absence of a Last Goal
representation, one of an earlier completed goal could help the nurse recollect
where he/she is currently in the plan. Also, it is possible that, when figuring out
the current state in the plan after an interruption, the nurse looks for cues by
walking through the plan from the beginning, rather than trying to directly
recollect what the last completed goal was. In that case, the accumulation of
the external representations of all the previously completed goals would be
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helpful. Therefore, I have carried forward external representations of completed
goals to all future states, unless they get destroyed by an artefact
transformation in a particular state.


An artefact can be transformed in such a way that the external representation
for an earlier goal is destroyed and an external representation for a new goal
gets created. For example, in states 3 and 4, the syringe/bag serves as an
external representation for the completion of goal 3 while it is lying on the table.
As from state 5, when it has been connected to the infusion pump and to the
patient, it serves as an external representation for the completion of goal 5.

4.8.2.1 Interruptions
According to a senior nurse, nurses are recommended to finish the task of
administering an infusion before dealing with interruptions, by for example asking a
colleague requiring help to wait a few minutes. For some infusions, such as
administering adrenaline to maintain a patient’s blood pressure, it is absolutely
critical to start and maintain the infusion in a timely manner, as even a downtime of
a couple of minutes could be detrimental to the patient. Then, irrespective of the
criticality of the interruption, the nurse has to first finish the infusion task. For other
infusions that are less critical, a nurse might pause the infusion preparation and
help out a colleague with something critical. Even then, the nurse would try to
leave the infusion task in a comprehensible state. For example, rather than leaving
a drug bottle open on the table with an empty syringe/bag, the nurse would try to
finish preparing the medication at the required concentration, fill the syringe/bag
with it, and label the syringe/bag appropriately. This would help another nurse to
resume the task if required.
Let us assume that while a nurse is preparing a low-criticality infusion and is in
state 2 (drug to be administered decided and infusion flow rate calculated), the
patient’s condition suddenly deteriorates and he/she starts moaning loudly, which
requires the nurse to shift her attention to the patient. This is effectively an
interruption to the Infusion Administration activity caused by the Patient Monitoring
activity. I observed this particular scenario unfold on two occasions. In both cases,
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since the interruptions were very short, the nurses resumed the task quickly, and I
was unable to get any information on their resumption strategies. The analysis
done through this model is still relevant, as it focuses on the resources available for
state recollection, and not the actual resumption strategies.
After the nurse has attended to the patient and taken any measures required,
she is ready to resume the preparation of the infusion. The nurse needs to know
which state of the plan she had reached when she got interrupted. The information
resources that were represented externally when she got interrupted, while in state
2, were:


Patient’s bed number on sign behind bed [1]



Patient’s details on computer screen [1]



Drug to be administered on computer screen [2]



Calculated flow rate on computer screen [2]

The information resources that were represented internally were:


Pre-computed task plan [0]



Current goal [3] (Current goal was to prepare the syringe/bag with the drug to
be administered and priming it).
If the “Current goal [3]” internal representation is still active in the working

memory of the nurse, she could immediately recollect that she was working on the
goal of preparing the syringe/bag when she got interrupted. If this internal Current
Goal representation has already decayed and become inactive, she would need to
coordinate the external representations available for the already completed goals
(the history) together with the internal plan representation to know which state she
had reached. In this case, she sees that the drug details and the calculated
infusion flow rate are on the computer screen, and realises that the last goal she
had completed was deciding which drug to administer and calculating the infusion
flow rate. Coordinating this information with her internal representation of the plan,
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she realises that the goal she has to accomplish now is preparing the syringe/bag
with the drug.
Issue
In all states of the task, the Current Goal representation is internal. The optimal
resource configuration for the situation described above would include an external
Current Goal representation – it would have persisted through the interruption, not
being subject to decay like internal memory, and would bring the interaction style at
that point closer to goal matching rather than plan following. It would make the Last
Goal representation obsolete and remove the dependency on the internal plan
representation. It is worth noting that, under some circumstances, external
representations get created for some states. If, while the pump is being
programmed, or a syringe is connected to the pump but is not running, the pump
senses a few minutes of idleness, it triggers a pre-alarm. This reminds the nurse of
the goal to be completed, and would help in recovering from interruptions occurring
in states 5 and 6. Having similar externalisations of the current goal in other states
would help the nurse in recovering from interruptions occurring in these states. For
example, the nurse could use a special digital task checklist on the computer which
changes into a graphical representation of the current goal after each state
transition. After an interruption, the nurse could look at it on the computer screen to
resume the task with little cognitive effort.
At the task level, it is worth stressing that the plan representation is internal
throughout. Having an external representation of the plan would help reduce the
cognitive demands on the nurse, in situations where an external Current Goal
representation is not available.
Decomposing goals into sub-goals
This analysis has been done at a certain level of abstraction of the task. Going
into deeper levels would give more detailed representations and more realistic
scenarios. For example, if we decompose Goal 3 into sub-goals, one sub-goal
could be taking the syringe out of the drawer and placing it onto the table. The next
sub-goal could be taking the drug container out of the drawer and placing it onto
- 65 -

the table. The nurse would then use these external representations of completed
sub-goals of the current goal, rather than the external Last Goal representation (the
drug details on the computer screen), to resume the task at a more accurate point
in the plan.
4.8.2.2 Multitasking
A variation of the scenario described before could be that the nurse decides to
multitask on the two activities (infusion administration and patient monitoring). Note
that I have not observed nurses do this, and that an interview with a senior nurse
suggests that nurses do not normally multitask in this way - rather they finish one
activity at a time. The analysis here is speculative in nature to explore the potential
of the Temporal Resources model.
If a nurse multitasked, he/she would need to decide when to switch between
activities, and when switching back to an activity, would need to know which state
of that activity she had reached before. In terms of information resources,
multitasking means that the nurse might have to create more internal
representations, maintain them for longer durations, and do extra coordination
among representations. These would cause a cognitive load higher than if a single
activity was being done.
By creating a similar Temporal Resources model for the Patient Monitoring
activity, and positioning it next to that of Infusion Administration on a common
timescale, it should be possible to see the total number of internal representations
the nurse is maintaining at a specific point in time. Thus, time periods when the
nurse could have a high cognitive load and could be more prone to committing
errors could be inferred. Measures could then be taken to decrease the nurse’s
cognitive load, such as representing more information structures externally.
As I have demonstrated in this chapter, the data gathered during the study
lends itself well to analysis through DiCoT and the Resources Model. The following
Discussion chapter attempts to interpret the results of the study in a broader
context.
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5 GENERAL DISCUSSION
5.1 Summary of findings
In terms of practical findings, areas of improvement were identified for different
aspects of the infusion administration activity. In terms of extending distributed
cognition analysis, the main finding of the research was that when studying a
particular activity, the “primary” activity, in a complex and dynamic system such as
the ICU, an analyst needs to take into account influences from “secondary”
activities. These influences might be changes to the environment of the primary
activity or interruptions to the primary activity. A related finding was that, given the
proneness to interruptions, a way of analysing how nurses could use information
resources to recover from interruptions caused by secondary activities was
needed.

5.2 Assessment of Distributed Cognition
5.2.1 As a methodology for practitioners
The adoption of a distributed cognition approach for studying the use of infusion
pumps gave results that support the claim described in the Background chapter,
namely that healthcare work is better studied through a distributed cognition
approach than a classical individual cognition approach. The high level of
collaboration observed among nurses, the fact that any nurse in the bay could
intervene on an infusion pump, the central role of the automated pumps, and the
movement of pumps across different units in the hospital imply that a classical
individual cognition approach would have been limiting. Carroll (2003) states that
by considering multiple people, distributed cognition allows the detection of
features of the work that pertain to a cooperative group rather than to a single
individual. By the same token, studying how nurses could resume from
interruptions through a classical individual cognition model would not have done
proper justice to the role of artefacts; a distributed cognition approach showed the
importance of the informational resources that artefacts could represent. The issue
identified about the non-reprogramming of the VTBI clearly illustrates the
importance of knowing the consequences of automation and the need for human
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intervention, especially in safety-critical environments. Halverson (2002) argues
that by considering artefacts, distributed cognition allows the understanding of the
roles of humans versus artefacts, and the assessment of the consequences of
automation. Safety is not a property of individual tasks or actions, but of the
interrelationships and interconnections between parts of a system (Fields, Paterno,
Santoro, & Tahmassebi, 1999), which makes distributed cognition an attractive
choice as a methodology for studying safety critical systems.
The major challenges faced while applying distributed cognition to the ICU
context were the dependency on observational data and the domain knowledge
that needed to be built up. As described in the Method chapter, some
characteristics of the ICU environment (busyness, mortality and morbidity, and
privacy) pose very specific constraints on a researcher. This, coupled with the fact
that extensive notes had to be taken, made the data gathering quite demanding for
me personally. To spot the pertinent details of the work of nurses while observing,
a researcher needs to have some minimum familiarity with the domain aspects of
the work. For example, while observing how a nurse deals with interruptions, the
researcher needs to know that different types of infusions have different
criticalities, and that for some infusions it is alright if there is a few minutes’ pause
in supply to the patient, but for some not. Building up this domain knowledge can
require considerable time; the first two weeks of observations and interviews for
this study were spent mostly on it. Hutchins (1995a) asserts that applying
distributed cognition requires a deep understanding of the work domain being
studied.
5.2.2 As a theory with the scope to extend DiCoT
According to the literature review I conducted, distributed cognition theory does
not mention the existence of different activities within a system and how they
potentially influence each other. The only related point mentioned is that the
analyst has to define a unit of analysis based on the functions of interest of the
system and that the boundaries of this unit could be reshaped as needed
(Halverson, 2002). Activity theory (Kaptelinin & Nardi, 2006) on the other hand,
fundamentally defines an activity as the unit of analysis and Bardram (2009) notes
- 68 -

that using concepts from Activity Theory, a clinician can be described as being
involved in more than one activity at a time and being responsible for different
actions within each of these activities. Therefore, Activity Theory provides more
leverage for the System Activity model than does distributed cognition theory. Note
that the term “activity” in “System Activity” is not a reference to activity theory; the
tasks and events that I observed needed to be logically grouped, and “activity”
seemed an appropriate term for a group.
The Temporal Resources Model, on the other hand, was inspired by existing
distributed cognition theory, that is the Resources Model. Apart from providing the
basic definitions of the types of information structures, how they could be
represented internally or externally, and the interaction strategies that could be
adopted based on these, the way that the Resources Model abstracts away an
information structure from its representation facilitated the development of a model
that focuses on the evolving configuration of information resources over time,
without being tied to specific artefacts.

5.3 Assessment of DiCoT
5.3.1 Utility of existing models
Distributed cognition has been criticised for providing little structure for
conducting analyses, and Furniss & Blandford (2006) developed DiCoT to address
this. I found the structure that DiCoT provides helpful for my analysis. The models
and associated principles guided the data gathering process by highlighting the
types of phenomena to look for. From the data gathered, new models emerged to
represent data that could not be represented by the existing models.
DiCoT allowed the identification of areas of improvement in different aspects of
the infusion setup at the UCH ICU. The Social Structures Model uncovered that
some nurses were unaware of the existence of some simple useful functionalities,
and that additional training was desirable. The Physical Layout Model identified
weaknesses that cause nurses to do extra cognitive work, such as the position of
syringe labels, the mapping between the order of pumps in the station and the
order of prescribed drugs in the EPR, and the movement/storage of pumps. The
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Artefact Model identified a problem with the way the pump handles the Volume To
Be Infused parameter after a syringe change. The Information Flow Model did not
reveal any area of improvement, but that was mainly because with the scoping
done for this study, i.e. focusing on the infusion pump, it did not have as much
prominence as in previous studies. The System Evolution Model was deemed
irrelevant for this study as system change in this context has been more
revolutionary than evolutionary. Although this study did not attempt to arrive at
design recommendations, as that was not the focus of it, DiCoT does address the
issue of how to bridge the gap between analysis and design (Furniss & Blandford,
2010).
5.3.2 New context-specific requirements
The specific context of this study posed some new requirements that could not
be fulfilled with the existing models of DiCoT. It could not represent the secondary
activities influencing the primary one under study, and it could not provide a way of
analysing interruptions from these secondary activities. In the previous contexts in
which DiCoT was applied, the complexity was more within the particular activity
being studied rather than across activities, and there seemed to be few interactivity influences. In this study, a System Activity Model had to be developed to
make sense of the complexity of the environment, to allow better scoping of
analyses through the existing models, and to create awareness of inter-activity
influences. Also, I speculate that interruptions might have been less significant in
the previous contexts. For example, the presence of information buffers meant that
the configuration of the system ensured that some actors would not get interrupted
while doing critical tasks. In this study, no information buffers as such were
observed and nurses have to prioritise and handle interruptions themselves. To
analyse interruptions from a distributed cognition standpoint, a Temporal
Resources Model had to be developed.

5.4 Additions to DiCoT
Building on the work done by Furniss & Blandford (2006) and by Webb (2008)
on DiCoT, this study extends the existing Artefact model and adds two new
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models, the System Activity Model and the Temporal Resources Model, to adapt it
for the context of the ICU. The Temporal Resources Model is an extension of the
work done by Wright, Fields, & Harrison (2000) on the Resources Model.
5.4.1 System Activity Model
The literature mentions that distributed cognition does not provide a pre-defined
unit of analysis, admittedly making it harder for new practitioners to apply it, but
views this as a strength, in that the practitioner can extend the boundary of
analysis as required (Carroll, 2003; Halverson, 2002). I argue that for a complex
system like the ICU, it is helpful to first make sense of the context by looking at the
different activities involved and then defining a unit of analysis. The System Activity
Model helps to achieve this by prompting the analyst to document other activities at
a high level initially, before moving away from them and focusing on a primary
activity. It also helps to scope the analyses of the other models and creates an
awareness of inter-activity influences. A limitation of the System Activity Model as it
is currently is that it does not differentiate between secondary activities that
strongly influence the primary activity and those that mildly influence it.
5.4.2 Temporal Resources Model
A corollary of the need for the System Activity Model was that ways of
analysing the influences of secondary activities on the primary activity would be
needed. This is supported by Bardram's observation (2009) that clinicians working
in hospitals attend to multiple parallel work activities and often need to switch
rapidly from one activity to another, and that moreover, because of the
collaborative nature of medical work, they are often interrupted. Of particular
interest for this study was the analysis of how nurses could use information
resources that accumulate during the activity of infusion administration to recover
from interruptions due to secondary activities.
I found no existing model in the literature that could represent the sequential
states of a task and the associated resource configurations, such that strategies for
recovering from interruptions at specific points in the interaction could be
discussed. I developed the Temporal Resources Model to address this. It has
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provided insight into the internal and external information resource representations
that a nurse could coordinate to recover from an interruption while administering an
infusion. It identified that some information structures (the plan and the current
goal) did not have external representations, leading to sub-optimal resource
configurations for resuming from interruptions. The model can be applied to any
interaction involving actors and artefacts to understand how the demands on the
user’s cognition change at different steps of the interaction, based on how
information resources are represented and how they need to be coordinated, and
to analyse how resource configurations aid the user in state recollection after
interruptions. One limitation of the model is that it assumes that external
representations are always preferred over internal ones, but in practice there are
situations where internal representations would be preferred.
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6 CONCLUSION
The main goal of this study was to apply a distributed cognition framework,
DiCoT, to the analysis of infusion administration in a complex and dynamic setting
such as the Intensive Care Unit. The existing models of the framework allowed
areas of improvement to be identified in different aspects of the infusion
administration activity. To apply the framework in this context, some extensions
and additions had to be made. To better make sense of the context, a System
Activity Model was created to represent secondary activities which could influence
the primary activity under study. To analyse how nurses could resume from
interruptions caused by secondary activities, a Temporal Resources Model was
created to represent the evolving configuration of information resources during
infusion administration. The findings of the study confirm that distributed cognition
can be a methodology of choice for studying healthcare work; a high level of
collaboration was found among nurses, artefacts were found to play a major role in
conducting and coordinating activity, and the dynamic nature of the environment
was found to influence activity. These characteristics imply that an approach which
views cognition as being distributed throughout a system, rather than being only in
the minds of individuals, is needed.
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8 APPENDIX
8.1 Data Gathering
8.1.1 Question spreadsheet – Interviews
INTERVIEWS
Priority

DCog Aspect

1

Information Flows

2

Information Flows

Question
what kind of communication happens between nurses and senior
nurses, and how?
Does the nurse act as a filter, presenting to the house doctor only
the information necessary for deciding on patient treatment?)

Status

6

Social Structure

How is the nursing team structured and what is the hierarchy?

open

10

Social Structure

how does shift handover happen for nurses?

open

16

Activity

why is volume intake measured every hour?

open

17

Physical Layout

what is the color-coding schema of infusion/life support lines?

open

18

Artefacts

What is pump priming?

open

19

Information Flows

open

20

Artefacts

21

Activity

Meaning of green light on infusion station?
how does nurse login into computer and access patient details?
How does she know patient name?
how does nurse cope with defective pump? How does it affect
patient care? How does she deal with the switch?

22

Physical Layout

what do nurses think of pump movement?

open

23

System Evolution

open

24

System Evolution

Talk to head nurse about changes in pump deployment and use
Talk to head nurse and IT manager about procedures established
with pump provider

open
open

open
open

open

8.1.2 Question spreadsheet – Observations
Priority
1
2
3

OBSERVATION
DCog Aspect
Activity
Physical
Layout
Information
Flows

Question
How is infusion pump interleaved amongst other activities?
Interruptions and distractions that happen?
How nurses use the space around them when they work? Space and
cognition
How does nurse monitor patient status? Using which information
sources?
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Status
open
open
open

8.1.3 Hand-written structured notes

Figure 17: Hand-written Structured Notes
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8.1.4 Hand sketch of bay layout

Figure 18: Hand Sketch of Bay Layout
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8.1.5 Word processed structured notes
21 July, 2010
11:30, corridor
S: met senior nurse, willing to answer few questions, will be in Bay 3 later
I: Medical Physicist (30 mins). There are 3-4 defects a week, defects all the time. Managed service
downstairs. Chap from B comes in once a week and repairs pumps. There are 134 pumps in total, overcapacity to ensure continuity. Pump follows patient as per policy. Ward supposed to give
corresponding number of pumps in exchange, to replace those that accompanied patient. But this is
not happening, people are keeping pumps in their own rooms, this was discovered during a recent
audit. People write ward numbers on pumps, but this is not right, as the pumps belong to a common
pool. Nurses take defective pumps straight to G’s office and leave a note and take a new pump. G then
takes defective pump to MP to be repaired and brings new one pump to replace stock. This way there
is a continuous supply, unless MP stops repairing pumps. There has never been a shortage of these
pumps since they have been introduced. O: shows me a pump on which it is written “belongs to ICU T3,
please return”. There is talk of setting up a centralised equipment library. So that staff can just go and
borrow from there, instead of taking from each other. J and S established strategy with B. J knows
about nurse’s problems with pumps and training problems. They might have document of strategy too.
Common problems with the pumps are: not recognizing syringe, device errors (codes, software errors)
and doors (flaps) breaking.
Q: how does nurse cope with defective pump? How does it affect patient care? How does she deal with
the switch?
12:10, Bed 17
Nothing
12:15, Bed 22
O: male nurse takes out syringe/fluid bad from drawer on left table. Throws packaging into trash can at
other end. Hooks fluid bag in hanger. Opens small bottle, fills syringe with liquid. Behind him, student
nurse standing with food tray. She moves to other side and starts talking to patient about food. Nurse
finishes setting up bag, goes to wash hands. Puts on gloves. Prepares syringe on yellow tray. Student
nurse leaves food tray at foot of bed. Fills up bag’s cylindrical tube with liquid from syringe. Other
nurse comes to ask if she can borrow student nurse for short help (to lift something in other bay).
Starts computer, enters volume intakes. Has to go around pc and infusion station to hook bag.
Q: why does nurse press blue thing on tube? To dispense fluid?
I: male nurse. 9 keypresses are required to check and zero hour fluid on volumetric. Not user-friendly.
Pump stays here, does not follow patient as there aren’t enough in stock. Stays in bed, unless it is a
painkiller. Tell receiving ward what they will need. Physical check of pump mapping required anyway.
Over pressure alarm, vol left (10 mins vefore), empty alarm. 10 mins before to give time to prepare
replacement. Some annoying alarms. Pump order in station does not map drug order in computer, no
time to do it, need to check physically anyway. Common sense to do it if you have time but with 6-8
pumps not easy. Pump stays and used by next patient. Amber light with beep sound for syringe nearly
empty. Red light for empty syringe. Audible tone every minute when 10 min countdown starts most
annoying alarm is feed pump, loud but least important. Infusion station has general lights and gives
alarm when one of the pumps has a problem (Amber light or red) with beeping sound. Nurse has to
first check station-level alert, then scan for particular pump and see what the issue is. Same alert for all
problems. Nurse has to read error on pump to know what alert is for. Annoying to press OK button
every 2 mins when 10 min volume alarm goes off. Unless nurse is very pre-occupied, unlikely to not
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notice when volume is low, you’re monitoring patient constantly anyway. Beep sound from vital signs
machine indicated something monitored is wrong. In this particular case, it is because the patient does
not have a device attached (on purpose). Different machines give different alerts and sounds. Nurse
quickly adapts to environment and understands the alerts. Different manufacturers give different
alerts, nurse has to adapt to particular environment. Check everything and stay on top of what’s
happening. If nurse has back turned to lights, he will know from sound. Willing to meet again when he
is on shift. End: 12:55.
T: interesting, G says there are more pumps than needed. Nurse says lack of pumps, hence keep pumps
at beds.
S: did some tests with J to check if it is possible to start infusion with just volume, possible (syringe
driver). Gives off alarm when volume is nearly empty (Amber) and when empty (Red).

8.1.6 Rapport building
Rapport building was important to get cooperation from different staff members
(e.g. the receptionist helped by calling people I wanted to talk to) and to alleviate
the discomfort that nurses could feel due to my presence. It helped build my
confidence and enabled observations to be as unobtrusive as possible. During a
project proposal presentation, my supervisor and myself introduced the aims of this
study to key management staff of the ICU, and a good rapport was maintained with
them since then. This helped to gain access to other staff members for
observations and interviews. In the beginning, even though all nurses had been
informed via email of my visits and of the purpose of my study, some of them
seemed uneasy about my presence. I started building rapport with nurses and
patients by having friendly chats with them, and after a while many nurses got used
to

my

presence.

This

resulted

in

nurses

being

more

willing

to

be

observed/interviewed and helped greatly to reduce the associated psychological
stress I felt. I had to repeat the cycles of rapport building a few times, as the nurses
in the bay were changing on a daily basis. Eventually, the nurses’ familiarity with
myself and the aim of the study allowed me to remain in the background and
observe without disrupting their work (by them coming to ask me what I was doing,
if I was alright, etc…). Interestingly, one patient who sympathised with the goal of
my study even shared his opinions on how I could improve the data gathering (in
exchange for patiently listening to his life stories for quite a while…). One particular
nurse who was very interested in my study kindly devoted some of his time off to
performing some simple tests together with me on the infusion pump alarms.
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8.1.7 Participant Information Sheet
Information Sheet for Participants
You will be given a copy of this information sheet.
Title of Project: Understanding the use of interactive medical devices in the Intensive
Treatment Unit from a di stributed cognition perspective
This study has been approved by the UCL Research Ethics Committee [Project ID Number]:
MSc/0910/015
Name, Address and Contact Details of Investigators:
Atish Rajkomar, UCL
atish.rajkomar.09@ucl.ac.uk

Langton

Close,

Wren

Street,

WC1X

0HD,

London

We would like to invite you to participate in this research project. You should only participate if
you want to; choosing not to take part will not disadvantage you in any way. Before you decide
whether you want to take part, it is important for you to read the following information carefully and
discuss it with others if you wish. Ask us if there is anything that is not clear or you would like more
information.
This study is aimed at understanding the difficulties that health practitioners face when using
interactive medical devices in the ITU wards, particularly infusion pumps, and the practical
workarounds they develop to overcome these difficulties. The results of the study will help inform
the design of future devices so that they are better suited for the context in which they are used.
You will be observed using the devices and interviewed afterwards. The interview will depend on
the free time you have available and can be cancelled at any time.
It is up to you to decide whether or not to take part. If you choose not to participate it will involve
no penalty or loss of benefits to which you are otherwise entitled. If you decide to take part you will
be given this information sheet to keep and be asked to sign a consent form. If you decide to take
part you are still free to withdraw at any time and without giving a reason.
All data will be collected and stored in accordance with the Data Protection Act 1998.
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8.1.8 Participant Consent Form
Informed Consent Form for Participants
(This form is to be completed independently by the participant after reading the Information
Sheet and/or having listened to an explanation about the research.)
Title of Project: Understanding the use of interactive medical devices in the Intensive
Treatment Unit from a di stributed cognition perspective
This study has been approved by the UCL Research Ethics Committee [Project ID Number]:
MSc/0910/015

Participant’s Statement
I …………………………………………......................................
agree that I have
 read the information sheet and/or the project has been explained to me orally;
 had the opportunity to ask questions and discuss the study;
 received satisfactory answers to all my questions or have been advised of an individual to contact
for answers to pertinent questions about the research and my rights as a participant and whom to
contact in the event of a research-related injury.

I understand that my participation will be audio recorded and I am aware of and consent to, any
use you intend to make of the recordings after the end of the project.
I understand that I am free to withdraw from the study without penalty if I so wish and I consent
to the processing of my personal information for the purposes of this study only and that it will not
be used for any other purpose. I understand that such information will be treated as strictly
confidential and handled in accordance with the provisions of the Data Protection Act 1998.

Signed:

Date:

Investigator’s Statement
I ……………………………………………………………………..
confirm that I have carefully explained the purpose of the study to the participant and outlined
any reasonably foreseeable risks or benefits (where applicable).
Signed:

Date:
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8.2 Data Analysis
This section describes how the notes taken during observations and interviews
were processed to create the representations of the models.
8.2.1 Processing the data
The hand-written notes taken during observations and interviews were word
processed to allow their easy manipulation. Appendix section 8.1.5 shows
examples of such word-processed notes. They were then classified into different
sections of a document, according to the kind of data they corresponded to. The
structured note-taking approach with category codes greatly facilitated this. Notes
with the codes O (observation), I (interview) and A (answer) were classified into
one or more of the five existing DiCoT models in the Results section. Notes with
the codes S (self), D (difficulty) and T (thought) were classified into either the
Method section or the Discussion section depending on their nature. Notes with the
code Q (question) were moved to the question spreadsheet described earlier, to be
carried forward to the next observation session.
8.2.2 Analysis using existing DiCoT models
For each DiCoT model, all the notes belonging to it (after the classification
exercise described above) were reviewed to create a narrative and a
representational diagram where relevant. This approach is different from that
described by Furniss & Blandford (2006) in that a single narrative was created
rather than having different hierarchies (summary, detail, and further notes); I
found this approach more practical for structuring the type of notes I had taken.
The models were continually enriched as more data became available.
8.2.3 Development of new DiCoT models
Some data could not be classified into the existing DiCoT models, mainly data
related to activities outside the scope of administering infusions but potentially
influencing it, and data related to temporal aspects of interactions such as
interruptions and distractions. These were initially classified into an “Other” section,
but as their importance and recurrence became apparent, the System Activity
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model was created and the Artefact model was extended to represent them,
respectively.

8.3 System Activity Model
The secondary activities listed in Table 3 are elaborated on here.
8.3.1 Medical Equipment Provision
The Medical Physics team is responsible for providing medical equipment to
staff. They rely on a managed service from B. Braun to repair infusion pumps; a
specialised technician is sent once a week. Three to four pump defects are
reported in a week and the common problems are: the pump does not recognize
syringes, the pump doors (flaps) break, and software errors. There are 134 pumps
in total in the ICU, which the team considers as over-capacity, to ensure continuity
of service. Nurses take defective pumps straight to the medical physics office,
leave a note and take a new pump if available. As long as defective pumps are
repaired soon enough, there is a continuous supply of pumps, and the medical
physics team assert that there has never been a shortage of these pumps since
they have been introduced. According to nurses however, on some occasions they
could not get a replacement from the stock, and had to take spare pumps from
other beds in the bay.
The influence of this activity on the administration of infusions is that, if a pump
breaks down while a nurse is interacting with it, it is a serious and frustrating
interruption. Then, the ease with which the nurse can find a replacement pump
determines how quickly the infusion can be resumed. It takes only around 30
seconds to reach the Medical Physics office from the bays, therefore the bottleneck
would be whether a spare pump is available or not.
8.3.2 Cleaning & Maintenance
The ICU has very strict hygiene requirements, and the beds and bays are
cleaned continuously throughout the day, typically just after patients are
discharged. Nurses change bed sheets and clean equipment such as infusion
pumps, infusion stations and computer terminals, while cleaning ladies clean the
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bed and corridor floors, curtains and railings using special far-reaching brushes.
Healthcare assistants typically clean beds in preparation for a new patient,
including infusion equipment, trays, and other items on the table. They also reset
the life support system. The researcher observed that at some points in the day
there were very high levels of cleaning activity ongoing, with many cleaners in the
bay.
The main way in which this activity could influence the administration of
infusions is by causing changes in the physical layout. For example, cleaners move
around infusion stations and other objects while cleaning, meaning that the nurse
might need to reconfigure the physical setup before starting infusions.
8.3.3 Patient Movement
Patients typically stay in the ICU only for one night. This, coupled with the fact
that there is always excess demand for beds, results in a high traffic of patients into
and out of the ICU on a daily basis. When a new patient is admitted, nurses spend
around an hour entering his/her story into the computer system, including all details
of his/her previous operations and sicknesses, and recent information from the
surgeon and/or anaesthetist. Nurses subsequently continuously update the story.
When a patient is discharged from the ICU, that bed area is cleaned and prepared
for receiving a new patient. When the call arrives signalling that the new patient is
ready to be transferred, staff members come in and take the fresh bed to the
operation theatre, and the patient is brought back on it. The established procedure
is that infusion pumps should follow patients. This means that when a patient is
transferred from the ICU to a normal ward or to a theatre, and infusions are still
required, the infusion pumps should be moved along with the patient.
This activity affects the administration of infusions in two ways: firstly the
displacement of infusion pumps along with patients implies that the physical layout
of the bed area would be changing, and nurses might need to bring in new pumps
or reconfigure the infusion station before starting infusions; secondly, the need for
administering infusions to patients while they are being moved raises the question
of how nurses interact with the pump during the movement.
- 87 -

8.3.4 Specialist Consultations
Medical specialists visit the ICU on a regular basis to perform routine checks on
patients or to respond to specific consultation requests. Examples are
microbiologists performing daily rounds to check the antibiotics of patients,
surgeons being called in to check if patients need to be operated again, and
physiotherapists coming in to perform different types of patient rehabilitation.
These consultations could affect the administration of infusions by resulting in
communications that change the infusion requirements. Since these consultations
usually happen in private, with the bed curtains drawn, I could not observe the
patterns of communication involved.
8.3.5 Other Patient Care
Patient care also consists of other activities such as the provision of meals.
These could affect the administration of infusions by changing the physical layout
or serving as distractions. For example, I observed that while a nurse was
preparing an infusion, another nurse was standing right behind him with the
patient’s food trolley. This could hinder the range of movement of the first nurse or
block his line of sight to the infusion attachments.

8.4 Information Flow Model
8.4.1 Communication channels
8.4.1.1 Patient-Nurse communication
Throughout different activities, nurses communicate with patients verbally, by
touch or through gestures. Communication can be:


to get the patient to cooperate in a task (e.g. when moving his/her hand to fit
infusion lines)



to inform the patient about what is going to happen to him/her (e.g. before
washing him/her or changing bedsheets),
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to receive information on the current state of the patient and maintain
situation awareness (e.g. the patient starts moaning and the nurse asks the
patient how he/she is feeling),



to ask for information confirmation when inputting measurements into the
computer terminal (e.g. asking the patient how many drinks he had today
when inputting fluid intake).



for more in-depth checks of the patient’s state (e.g. asking the patient to
stick his tongue out and asking how dry it feels, and the patient inquiring if
he still doesn’t have enough fluid).



the patient asking the nurse what is allowed and what not in his current state
(e.g. a patient ask his nurse if it’s okay if his relatives bring him a smoothie).

The flow of information can even take the simple form of the nurse looking at
the patient, and perhaps at the life support system display, to keep a check on the
patient’s state. I once observed a patient in a frenetic state yelling at a nurse, while
she was entering details into the computer. In that case, communication seemed to
be unnecessarily distracting and upsetting for the nurse. The types of
communication I observed are limited, since in many cases nurses prefer to draw
the curtains to maintain privacy.
In the context of administering infusions, nurse-patient communication is mostly
the nurse informing the patient of the drugs that will be administered to him/her and
the nurse asking the patient to cooperate with body movements when fitting
infusion lines.
8.4.1.2 Nurse-Doctor communication
For infusion administration, the two

main channels

for

nurse-doctor

communication are the computer system and face-to-face communication. When a
patient is admitted to the ICU, around an hour is spent entering his story and
details into the computer system. Subsequently nurses continuously update the
patient’s record with drug intake details, ventilation/respiratory readings and other
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medical readings, and other observations. The doctor can refer to this record to get
details on the patient’s state. The doctor prescribes all required drugs in the EPR,
and nurses refer to this record to know which drugs to administer to the patient.
If a nurse is concerned about the state of the patient, he/she contacts the
doctor to discuss it. The doctor then examines the patient to decide on the next
steps, which could be for example changing drug prescriptions or contacting the
surgeon to check if the patient needs to undergo surgery.
8.4.1.3 Patient-Doctor communication
Communication between the doctor and the patient happens face-to-face.
When a patient is admitted, the doctor asks him/her a few questions as part of an
initial assessment. When a nurse suspects deterioration in the patient’s condition
and calls for the doctor, the doctor interacts with the patient face-to-face (assuming
the patient is not unconscious).
8.4.1.4 Nurse-Other Nurse communication
Formal Nurse to Nurse communication happens during shift handover, for
administrative formalities such as a senior nurse asking a nurse to sign a drug
administration sheet, or when one nurse asks another nurse for assistance with
some task. For shift handover, communication happens through the EPR (where
the leaving nurse would have entered details of the patient), in addition of face-toface communication, when the patient handover is done at the bedside.
Nurses also communicate informally to socialise and maintain a friendly
environment within the ICU. This happens face-to-face, when a nurse visits the
neighbouring bed to exchange a few words with the nurse there, or verbally when a
nurse going through the bay corridor voices something out to a nurse at the
bedside. During such informal conversations, they often discuss the details of
patients, effectively propagating information about the ICU system’s state.
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8.5 Artefact Model
8.5.1 Administering a bolus amount
To administer a bolus amount, the nurse has to press the Bolus button, then
press and hold the OK button. Fluid is administered as long as the button is held. It
is also possible to program a bolus amount: the nurse has to press the Bolus
button, then the “” arrow key to enter digit mode, enter the required amount with
the arrow keys and then start the infusion by pressing the Bolus button again.
8.5.1.1 Issue
A couple of nurses were unaware that it was possible to administer Bolus on
demand as described above, and thought that the only way was to program a
Bolus amount, which they found slow and restrictive (they referred to a previous
pump which worked by pressing a button and then releasing when the required
amount had been injected. This is possible with the current pump too, except that
there is a maximum Bolus time of 10 seconds).

8.6 System Evolution Model
The System Evolution Model, from the existing DiCoT framework adaptation by
Webb (2008), aims to understand how the evolution of the system has shaped
current work practice. Due to very limited data being available and the
questionability of whether this model could contribute to this specific study, the idea
of building it was abandoned. I judged that gathering more data for this model
would have been time consuming with a poor return on investment. In the case of
Webb’s study on London Underground line control, the system had evolved in an
incremental manner. Since certain aspects of work practice had perpetuated
through time, analysing the evolution of the system helped to understand why work
was currently arranged in a particular way. In the case of infusion practice in the
ICU, system change has been more revolutionary. As more advanced infusion
pumps became available and replaced older ones, they radically redefined the
practice of administering infusions. When UCH acquired the current infusion
technology two years ago, the technology provider helped to establish a new
protocol and strategy for deploying and using infusion pumps. It seems that an
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important factor allowing the new strategy to work was the compactness and
mobility of the pumps, illustrating how the adoption of fast-changing technology in
this context can quickly change work practices. Therefore, I deemed it worthwhile
to focus on the system only as it is currently and to disregard its past evolution.
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