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Abstract

Maureen Harris. An investigation of labour ward care to inform the design of a computerised
decision support system for the management of childbirth

Patient monitoring is a complex task, particularly during childbirth, where assessment of the
baby’s condition is inferred from the continuous electronic recording of the baby’s heart rate
pattern and maternal uterine contractions (CTG). Computerised decision support has long been
advocated, as difficulties in the interpretation of the CTG have led to failure to intervene and
unnecessary intervention. The problem is large, for obstetric litigation now accounts for 80% of the
UK National Health Service litigation bill. The Plymouth Perinatal Research Group has developed
a computerised decision support system for patient monitoring during childbirth and the UK
Medical Research Council has agreed to fund a multicentre randomised trial.

The work of this thesis was an investigation of the labour ward care system to inform the
human-centred design of the decision support system for patient monitoring in childbirth, prior to
the clinical trial. It was recognised that many decision support systems have failed to gain clinical
acceptance, as convenfional design models were inadequate. Lack of attention to the organisational
context of the care system and the process of the direct patient care led to the design of inflexible
‘expert’ systems, which constrained working practices.

A pilot ethnographic study of an existing decision support system, used for the analysis of
umbilical cord blood samples, was undertaken to clarify the research approach required for the
main study. It was found that barriers to effective use within the wider work system included
inadequate implementation and lack of organisational support. A case study approach produced a
more comprehensive account of the context and process of the use of the computer system. The
main study combined qualitative with quantitative techniques to investigate the system of care in
childbirth, both outside and within the delivery room, to provide a unique, holistic perspective.

The organisational context of the labour ward was investigated by direct observation of
clinicians over the course of their work for 220 hours. Observations were documented and
transcribed to computer text files. Patterns of actions and events were coded using ATLAS(ti) data
analysis software. The codes were counted and tabulated to model the main features of this labour
ward care system, which was expressed in the form of a rich picture diagram. These findings were -
confirmed by a limited study of five other UK labour wards. The core qualitative categories,
derived from the observation data, found a complex and problematic relationship between
communication, decision making and accountability. Decisions were often made outside the
delivery room and were subject to misinterpretation and bias. The organisational hierarchy made it
difficult for junior staff to question clinical management decisions. A system of tacit practice,
external demands upon clinicians and transient allocation of junior midwives to labour ward
militated against teamwork. This increased the vulnerability of the care of mothers to error.

The process of direct palient care, within the individual delivery room, of 20 mothers in
labour was captured in a novel audio-video observation study. The 111 hours of first stage labour
and 12 hours of second stage labour were recorded and digitised to computer files. Recurrent
actions and patterns of behaviour were coded both quantitatively and qualitatively using ATLAS(11)
data analysis software. Midwives left the room on average every 15 minutes to be absent for 27%
of the first stage of labour. Record keeping occurred on average every 10 minutes and accounted
for 19% of midwives’ time. Midwives had little time to talk with mothers and only sat down at the
bedside for 15% of the time. Psychosocial support was not given priority. Parents were generally
excluded from communication between clinicians yet 108 clinicians took part in the care of the 20
women. Pressures from medicolegal directives and task-orientated imperatives overshadowed
meaningful interaction with parents and caused spurious care priorities.

This work has revealed the need for a critical reassessment of the type of support that is
required for monitoring situations in all areas of medicine. A range of functions, such as shared
information displays and models, have been suggested to augment roles and relationships between
clinicians and parents to support patient-centred care. The present work has revealed that a
combination of computer-based technology and changes to working practice can support the
parents, their individual carers and their various roles. In this way the system of care can be more
aligned to the objective of a safe and emotionally satisfying birth experience for parents and staff.
A further programme of research is required to follow-up the existing studies, develop these new
forms of interaction between technology and clinicians, and evaluate their effectiveness, The
research methods employed in the present work will provide a more comprehensive evaluation of
the decision support system in the forthcoming multicentre trial. The methods of investigation have
also been shown to be of relevance to patient safety research, service delivery and training.
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computerised decision support system for patient monitoring in labour using the CTG
(Keith et al., 1994a; Keith et al., 1994b; Keith et al., 1995). The decision support system
extracts the important features from the baby’s heart rate pattern and the mother’s
contraction pattern, and pregnancy and labour information. The inference engine matches
the information with the knowledge base, which has been developed from the combined
knowledge of several expert obstetricians. The explanation facility allows the system to
demonstrate the reasoning for a particular recommendation. The basic architecture of this

decision support system is show in figure 1.1

knowledge
base

heart rate feature N :

and uterine extraction
activity ¥
acquisition

Inference C:D touch screen C::)
engine user interface dinician

pregnancy &
labour Y

information |

explanation
facility

Figure 1.1:  Architecture of the decision support system for patient monitoring in childbirth

Preliminary work compared the computer system’s performance on a database of 50 cases
with the performance of 17 expert clinicians around the UK. The system was found to be
low interventionist and as good as the experts at identifying cases where intervention was
required (Keith et al., 1995). Further development and validation compared the system’s
performance with three obstetric experts on a database of 500 cases weighted to poor
perinatal outcome (Skinner et al., 1998). The off-line performance of the system was then

compared with clinical practice on 900 serially collected cases (Harris & Greene 2000).

These extensive off-line validation studies have shown that the system attained the
performance of an expert obstetrician in interpretation of the CTG and performed

considerably better than clinical practice. It reliably recognised the abnormal, and was not
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insensitive to the social and organisational context of the work setting. Consequently,
many computer systems were designed without an adequate understanding of the flexible
and responsive nature of work and this sometimes constrained the way that work was
actually accomplished (Greatbatch et al., 1993; Button & Harper 1996; Berg 1997a). For
example, the use of a computer system during doctor-patient consultations undermined the
doctors’ ability to pay attention to and coordinate their discussion with patients (Greatbatch

et al., 1993).

The importance of greater attention to the preclinical phase of decision support system

design has been emphasised by Heathfield and Wyatt (1993):

“Failure to recognise the natural philosophy of a problem and a preoccupation with
computer-related artefacts causes tunnel vision in terms of what can and cannot be
accomplished. In such circumstances the solution may be forced into a structure
dictated by the artefact, inhibiting the invention of new and more appropriate
solutions.”

(Heathfield & Wyatt 1993, p. 4)
Therefore a detailed understanding of the care system is required to inform the design of
computer systems (Murphy et al., 1998). This thesis addresses this well-known generic
problem: the design of decision support systems to support human activity in clinical work
settings. In particular, it is concerned with how a better understanding of the labour ward
system of care and the practical accomplishment of the care of mothers, can inform the

further development of a decision support system for patient monitoring in labour.

1.3 Computerised decision support systems
A wide range of clinical computerised decision support systems have been designed to

reduce the incidence of errors in many areas of medicine. There have been various
definitions of decision support systems, which encompassed a broad range of support. For

example:

“Active knowledge system, which uses two or more items of patient data to
generate case specific advice,”

(Wyatt & Spiegelhalter 1991, p. 3)

“Any software designed to directly aid clinical decision making in which
characteristics of individual patients are matched to a computerised knowledge
base for the purposes of pgenerating patient-specific assessments or
recommendations that are presented to clinicians for consideration.”

(Hunt et al., 1998, p.p. 1330-1331)
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A systematic review of 68 controlled trials of decision support systems found improvement
in doctors’ performance (for example, tighter control of blood pressure, maintenance of
therapeutic range, adherence to standards) in 44/65 of the trials (Hunt et al., 1998). Patient
outcome was assessed in 14/68 studies, of which, six found improvement (better weight
control, improved emotional wellbeing, decreased urinary incontinence). Most of the
computer systems reviewed provided reminders or alerts for clinicians. There were five
diagnostic aid (not defined) trials included in the review. It is not clear how many systems
were subsequently decommissioned and how many remain in routine clinical use.
Computer-based reminders, alerts (for example, medication conflicts), checklists and
guidelines have been shown to improve individual performance. Their effect on patient

outcome is less clear (Wyatt 2000).

Two commercial medical computerised decision support systems, Quick Medical
Reference (University of Pittsburgh and Camdat, San Bruno, California) and ILIAD
(Applied Medical Informatics, Salt Lake City, Utah), were evaluated in a study of 216
North American clinicians on a range of off-line clinical scenarios. Quick Medical
Reference improved clinicians’ diagnostic accuracy by 8% compared to a 4%
improvement with ILIAD. Inexperienced clinicians showed the largest improvement
(Friedman 1999). Most off-line studies have demonstrated proof of principle. However,
decision. support systems have often encountered problems in clinical settings and so their

potential has yet to be fully realised.

1.4 Aim and objectives

The atm of the research is to inform human-centred design of the computerised decision
support system for patient monitoring in labour. This was achieved by:

e Description and analysis of the labour ward care system.

e Development of a human-centred design framework

Specifically the research questions were:

e How is labour ward work activity currently coordinated?

e What are the generic structures and mechanisms that enable and constrain the care
of mothers in childbirth?

e What options are there for support of the current system of care?

e How does investigation of the above three research questions inform human-

centred design of computer-based support for care in childbirth?
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1.5 The research process

Research, like many other aspects of life, does not always go according to plan. One
encounters blind alleys, false leads and disappointments from which experience is gained
and thinking matures. When the researcher first embarked on this work, her initial focus
and thinking was based on individual users of the decision support system, the user
interface and methods of quantitative evaluation. While work at this level produced some
useful information, the scope was narrow. A small pilot study of an existing decision
support system, which employed a qualitative research approach, changed the researcher’s
thinking from a focus on individuals to examining the wider social and organisational
context of the labour ward. Consequently, the latter part of the thesis provides a detailed
description of the labour ward care system and the actual care of mothers. It therefore
places the ‘presumed problem’ of deficiencies and vagaries of individual interpretation of
the CTG in a much broader context. This forms the basis for advice on the development of

more appropriate technical and organisational support.

1.6 Structure of the thesis

The work is presented in the following chapters:

Chapter 1 introduces the research topic and its significance. The importance of the work is
underscored by the widespread incidence of adverse medical events. The nature of the
clinical setting is briefly described. Background information on electronic fetal monitoring,
the specific area of application for the decision support system is provided, and the
prototype computerised decision support system for patient monitoring in labour is

described.

Chapter 2 reviews issues of user acceptability of decision support systems in clinical work
settings and general issues of computer system design. The traditional design model for
decision support systems is reviewed. It is argued that the narrow, mechanistic design
model fails to take account of the social and organisational context of work systems. The
focus on tasks and technology contributes to the design of decision support systems that
often fail to achieve their operational objectives. The chapter concludes by addressing the
consequences of the traditional simplistic design model and issues of human-centred

design for decision support systems.
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Chapter 3 reviews the main theories selected for this study as an aid to the understanding
and analysis of the labour ward care system. Phenomenology, ethnomethodology, situated
action, distributed cognition and activity theory shaped the analytical framework and
choice of research methods. Interpretive views of the context of cognition, as social and
distributed throughout work systems, are reviewed. The chapter concludes with a

discussion on the wtility of interpretive theories for the analysis of work activity.

Chapter 4 introduces a pilot study that was initially undertaken in order to clarify the
research approach required to inform the further development of the patient monitoring
decision support system. An ethnographic case study was employed to investigate the
routine use of an existing decision support system, Expert DataCare, for the analysis of
blood samples taken from the baby’s umbilical cord at the time of birth. The study
highlighted that the design of computer systems is a process, which requires a greater
understanding of the use of the computer system in the context of the wider work system.
This pilot work informed the selection of the research methods, the research design and the

data collection techniques for the main study.

Chapter 5 reports the research methods used during the main investigation. The diversity
of methods reflects both the complexities of the problem and the limitations imposed if a
laboratory-based or quantitative research method had been adopted. The research approach
was iterative and each study influenced, shaped and informed the subsequent investigation.

The chapter concludes with a discussion of the chosen research methods.

Chapter 6 reports a case study of the labour ward care system (the macroenvironment).
Observational data were collected by ‘shadowing’ individual members of the medical and
midwifery staff through their work shifts and by documenting their actions and
interactions. The data were analysed quantitatively and qualitatively and a rich picture
diagram was developed as a model for the main structures and pro.cesses of the labour
ward care system. These findings were compared with five other labour wards in the UK to
produce a generic rich picture diagram of the labour ward system of care. The case study
highlighted complex and problematic relationships between communication,
decisionmaking and accountability. The chapter concludes with a discussion of the

implications of the findings for the system of care.
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Chapter 7 reports an audio-video observational study undertaken to characterise the care
of mothers within the individual delivery room (the microenvironment). Recurrent actions
and care procedures were quantified and described. Data were analysed qualitatively and
quantitatively to describe how care was accomplished. The study identified features within
the care system that enabled and constrained the care of mothers. The supportive role of
the midwife was found to be undermined by the present care system and birth partners,
despite being marginalized, were used to supplement midwives® care. The interaction of
medicolegal, technocentric and psychosocial frames and their imbalance, has shed light on
their intended and unintended consequences and the possible causes of competing goals
and spurious care priorities, which were observed. This pointed the way to the
development of new forms of interaction for the decision support system, orientated to

support of the care system and patient-centred care.

Chapter 8 reflects on the investigations undertaken to consider the implications for the
further development of the decision support system. The rich account of the care system
reveals the need for a new model of decision support. It is clear that a range of functions,
such as shared information displays, functional diagrams and models, are required to
augment roles and relationships to support shared understanding and to promote patient-
centred care, The investigations have also identified issues relevant to service delivery and
organisation, which indicate the need for changes to the current care system so that it is
aligned with its core purpose. It is proposed that a holistic approach is required, so that the
performance of all the people in the system, clinicians and parents, would be augmented
and complemented by innovative, supportive technology. The chapter concludes with a

discussion of the utility of a broader framework of analysis.

Chapter 9 presents a summary of the findings and the overall conclusions. The present
work developed a programme of research to investigate the labour ward care system;
suggested alternative roles for the decision support system, based on a human-centred
design framework; demonstrated the value of qualitative methods for the analysis of the
care system; examined the implications of the findings for redesign of the care system. The
chapter concludes with a discussion of a number of areas for future research which include
the role of non-professional (doula) support; the role of birth partners; development of
training material and individual performance feedback loops; patient safety research;

methods for the evaluation of emergency labour ward drills and team training,
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This chapter reviews issues of user acceptability of decision support systems in clinical
work settings and general issues of computer system design. The traditional decision
support system design model is reviewed. It is argued that the narrow, mechanistic design
model failed to take account of the social and organisational context of work systems. The
Jocus on tasks and technology contributed to the design of decision support systems that
often failed to achieve their operational objectives. The chapter concludes by addressing
the consequences of the traditional simplistic design model and issues of human-centred

design for decision support systems.

“Their heads were all reclined either to the right, or to the left. One of their
eyes turned inward, and the other directly to the Zenith.”

Jonathon Swift - Gulliver’s Travels

2.1 Introduction

Gulliver’s description of the Lilliputians symbolised their obsession with mathematical
problems and astronomy to the exclusion of other human and practical considerations.
Preoccupation with the power of technology has often overshadowed concemn for human
issues. This chapter provides a critique of the traditional approaches to the design of
decision support systems, their assumptions and their consequences. Inherent in much of
the reductionist, cognitive design models is the stripping of context and a focus on
simplistic models of individual cognition rather than collective work practice. This is not to
say that such models have no value, but that complementary methods are also required to

take account of other human and practical considerations.

2.2 Issues arising with clinical use of decision support
systems

It is well known that previous decision support systems have expenenced problems of user
acceptability in real, clinically based work settings (Wyatt & Emerson 1990; Berg 1997a).
This is an important issue, as a decision support system will only be useful in improving
clinical care if it 1s used by clinicians. It is now realised that decision support systems are
complex interventions. Often it is not possible to predict the full extent of the intervention
and which aspects of the intervention could be effective or problematic for individual

clinicians, clinical care teams, the individual patient and the work system. Their evaluation
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is complex because both the design of a decision support system and the method of
implementation can impact on user acceptance. The prevailing method of evaluation, the
randomised trial, has tended to focus on the outcome of care, rather than the process of
care. This has shed little light on the design of health technology or the process of
deployment.

2.2.1 Mismatch between cognitive models and human performance
Early decision support systems were mostly based on models of human cognition

prevailing in the 1970’s, such as the information processing metaphor of Newell and
Simon (1972). These models essentially reduced human problem solving to the rules and
limitations of finite state machines (Hollnagel 1995), so that doth human and computer
interaction were characterised as information processing machines. Such didactic and
inflexible computer systems have been recognised as ineffective in real working
environments. The deficiency of symbiosis between human and computer system can be
viewed not as a fault of the technology, but of inappropriate expectations of its roles in
interaction with the realities of clinical care, as opposed to laboratory studies. Of particular
relevance to the present work are the following characteristics described by Zsambok
(1997):

e Multiple players: the decision making process is distributed across many

individuals so the team is a necessary unit of analysis.

¢ Problems are ill-structured, not artificial well-structured problems.

¢ Shifting, ill-defined or competing goals, not clear stated goals.

s A context of organisational goals and norms in addition to the visible task goals.

¢ Time stress.

e Action/ feedback loops, not one-time decisions.

2.2.2 Reliability and fallibility

The limitations of early decision support systems have overshadowed potential advantages
such as rapid analysis of complex information, consistent advice, and initiation of early
action. Computer systems are unaffected by fatigue, distractions or interruption and so
seem to offer an attractive means of support. For example, the decision support system for
patient monitoring in childbirth has demonstrated a performance level as good as obstetric
experts and better than clinical practice on a database of 1,400 cases. It is therefore

understandable that the healthcare setting would wish to hamess such power.
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Many decision support systems have been developed for complex problems that were
incompletely understood and had no single answer (Hollnagel 1989; Berg 1997a). The
uncertainty associated with data inputs and outputs have been difficult to represent to
users. In addition, the knowledge base, derived from fallible human experts, has raised
concerns of reliability and validity (Hollnagel 1989). However, it is important to remember
that expert clinicians do not make decisions with 100% certainty and perfect outcome.
Therefore, it seems unlikely that a decision support system derived from expert knowledge
would have ‘perfect’ sensitivity and specificity. When a new intervention is evaluated, it is
compared with a standard treatment to determine if it is more or less effective. There is no
expectation that a new intervention will be 100% effective. Importantly, if judged in the
same way as a clinician, that is, were the recommendations of the computerised decision
support system in accord with a responsible body of medical opinion (the Bolam principle
of negligence) then a reasonable standard of care has been provided (Brahams & Wyatt
1989).

Validation is critically important for the development of any decision support system, but
particularly so for systems used in medicine. Inadequate evaluation of decision support
systems has contributed to subsequent distrust and scepticism. Many benefits may arise
from a Hawthomne effect, or from a checklist effect which draws attention to abnormal or
missing data. The final and most influential off-line test of MYCIN, a decision support
system for the diagnosis of bacterial infections, consisted of only 10 clinical cases, all of
which had meningitis (Lipscombe 1989). Most reported studies to-date have been of
systems for calculating drug dosage or drug interactions, for information management in
preventative care or for establishing treatment guidelines. Few of these assessed the effect

on patient outcomes (Hunt et al., 1998).

Until recently, there was little regulation of the quality and safety of software programs
(Rigby et al., 2001). For example, errors in a reference database for calculation of Down’s
syndrome screening led to false negative reports (Cavallie 1996) and an error in software
calculating risk of Down’s syndrome led to falsely low calculation of risk for 150 women
in Sheffield, England (Wilkinson 2000). Computer systems can induce as well as reduce
errors and latent failures in computer systems may be just as difficult to detect as those

embedded in work systems.
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2.2.3 Assumed roles for clinical decision support systems
Wyatt and Emerson (1990) suggested the aim of many decision support systems was to

embody knowledge so that senior doctors need not interact with junior doctors. It was
assumed the computer system would guide the less experienced to improved performance.
However, over-constraint of novices may impede their development (Benner 1982). Berg
(1997b) suggested that nurses’ responsibilities could be enhanced through the delegation of
activities traditionally undertaken by doctors. A cynical view might be that this would free
doctors to do more ‘interesting’ and ‘important’ activities. Clearly, there is potential for
decision support systems to impact on the roles and relationships of healthcare

professionals.

Changes of professional boundaries highlight issues of accountability, particularly in a
highly charged medicolegal environment. The regulatory body for Nursing and Midwifery
in the United Kingdom (UKCC) view decision support systems as tools to ensure that all
possible options have been considered (personal correspondence). Responsibility for
compliance with the advice remains with the user. This may contradict the function of the
computer system, as the end-users’ ability to determine the validity of the advice may be

limited (Hollnagel 1989).

It has often been assumed that decision support systems promoted learning (Hayes-Roth,
Waterman & Lenat 1983) but their educational role remains unclear (Lipscombe 1989). It
was thought that the user would learn from a display of the rules and conditions, which led
to the generated advice. Developers of MYCIN (Shortliffe 1984), a decision support
system for the diagnosis of bacterial infections, found their system was unsuitable for
teaching students, as important knowledge was implicit in the structure and ordering of its
rules and conditions (Lipscombe 1989). The role of decision support systems as an
educational tool for trained clinicians has not been investigated. Many ‘decision aids’

support the limitations of human memory, rather than diagnostic or problem solving skills.

DeDombal (1984) suggested that for a system to be accepted users must perceive the need
for assistance and the system must fulfil that need. This may not be recognised, as some
individuals, especially the inexperienced, tend to be overconfident and consider their
decisions to be better than they actually are (Kleinmuntz 1992). Users may reject a system
for reasons other than performance. Previous decision support systems have been rejected

when they imposed a significant change in practice (Wyatt & Emerson 1990). Often there
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was a mismatch between the user’s expectations of the system and what could be achieved.
If the system’s boundaries of knowledge are unclear, the user’s expectations may not

match the system’s capabilities.

The ethics of computerised decision support have also been a source of debate. There is the
view that human judgement is unsystematic, intuitive and often unreliable and conversely
the view that systematic and explicit processes associated with knowledge-based systems
are dehumanising (Dowie & Elstein 1991). However, little concern has been shown for the
consequences of those affected by decisions. The contribution of patients in the decision
making process has received little attention, particularly in maternity care where patients’
choice of intervention and clinicians’ unnecessary intervention is the cause of much

tension and debate.

2.2.4 Inadequate understanding of the clinical problem
Some decision support systems were developed before the problem they were designed to

address was fully defined or even understood. Examples of this can be found in Berg’s
(19972) account of the development of ACORN (Admit to Coronary Care OR Not), a
decision support system for the assessment of patients admitted to a UK Accident and
Emergency department with chest pain. Originally, the designers set out to develop a
computer system to reduce the number of unnecessary tests performed on patients with
chest pain, When it was found this was not actually a problem in their department, the goal
shifted to reduction of unnecessary admission to coronary care units (CCU), a well-
described problem in the USA. The designers found this was also not a problem in their
department. On the contrary, patients with serious conditions were often not admitted to
CCU, while others waited an excessive amount of time to see a doctor. It was only after a
number of iterations that the problem of whether to admit to CCU or not was uncovered as

the ‘suitable’ application area for the decision support system.

2.2.5 Localisation to development site
The legacy of over-enthusiastic proponents of early decision support systems is one of

unrealistic and unmet expectations. Many years of experience show the design process is
long and complex. Early systems had many technical limitations. Computers were large,
expensive, slow and required specialist operators so transfer into general use was

extremely difficult. Developments in affordable and robust computing technology resolved
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many technical limitations and practical problems, but many remain. One suggested
solution for remaining technical problems is the electronic patient record and the grafting
of knowledge-based systems onto existing information systems (Lilford 1990). Fully
integrated electronic patient records are rare and frequently associated with implementation
difficulties and problems of user acceptance (Berg 1998). Furthermore, there are essential
differences between information and knowledge-based systems. Information systems
gather mainly quantitative data, with little user feedback. In contrast, diagnostic support
systems deal with incomplete information, which is associated with uncertainty and risk

(Stephanou & Sage 1987).

Berg (1997a) described localisation as a dialectic relationship between a development site
and iterative adjustments to a decision support system’s scope and rationale so it can
operate in a real-life setting. Berg pointed out that this did not mean to say that all decision
support systems suffer from localisation but the particular systems he investigated, in those
particular circumstances, could not work to their full potential. The work of Wyatt and
Berg highlighted that greater attention to preclinical development and the actual clinical
setting was needed. ACORN in particular was not designed to help nurses do their work,
but to help them do someone else’s work. In addition, clinical decision making was often
viewed as an individual event rather than a social process. This assumption shaped the
design of computer systems that provided didactic advice to individual clinicians and

reduced their role to data input.

2.2.5.1 Constraints on the extent of decision support
The frank account of Heathfield and Wyatt (1993) and Berg’s (1997a) critique of decision

support systems, provide illustrative examples of how technology and practice adapted
when the decision support system ACORN was introduced into a clinical setting. The
developers found nurses often made a decision before using the computer. The system was
too complicated and recommended actions that nurses were not authorised to take. In
addition, lack of resources often precluded compliance with recommendations.
Consequently, the system’s output was reduced from 13 to three advice options to fit the

nurses’ triage model and practice was altered to authorise nurses to take medical decisions.

The iterative adjustment to the computer system, to meet organisational imperatives,
conformed the system more to the conventions of the local site (localisation in space). This

led to a reduction in the extent of the system in terms of the original objectives

Page 42



(localisation in scope). To implement the computer in the clinical setting the scope of the

system, the aspiration of designers and the expectations of the users were all diminished.

2.2.5.2 Limitations of statistical and clinical data
The earliest, most rigorously tested and most enduring decision support system was

developed by DeDombal and co-workers (1972), for the diagnosis of acute abdominal
pain. The system used Bayes’ Theorem to calculate the conditional probability of a
diagnosis based on the presence of specific symptoms of patients admitted to the Accident
and Emergency department. Issues of localisation were highlighted when the system was
implemented in surgical wards, as patient characteristics were different to those admitted
to Accident and Emergency department. Regional variation in disease probabilities was
also found and the system had to be readjusted to accommodate those differences. These
issues were intertwined with an inevitable move from precision because of differences in
disease distributions and the interpretive nature of medical data (localisation in rationale).
Sociological studies of cognition have drawn attention to a more fundamental issue. Data
input and output are not just information to be processed. The application of knowledge
incorporates interpretive skills, which define the situated meaning of that knowledge
(Garfinkel 1967, Suchman 1987; Berg 1997a). This will be discussed further in chapter 3,

section 3.3.

2.3 Human factors

Human factors research has long recognised the need to consider the psychological, social
and technical factors, which are intertwined with individual performance. Human factors is
defined as the study of the interrelationships between humans, the tools they use and the

environment in which they live and work (Weinger 1998).

2.3.1 Effect of cognitive paradigms on the study of human factors
Early computer systems were mainly developed under the earlier paradigm of individual

performance, often according to early cognitive models of human problem solving
proposed by workers such as Newell and Simon (1972). For example, the Goals,
Operations, Methods and Selection (GOMS) model for human information processing
attempted to predict human behaviour at the computer interface (Card, Moran & Newell
1983), and is typical of models that treat human cognition as a model of machine

processing. The user’s goal is to achieve a particular state. Goals correspond to the

Page 43



intention of the user to perform a task, a subtask, or physical operation. Operations
characterise basic physical actions and cognitive operations. A user’s knowledge is
organised into methods to generate sequences of operations that achieve specific goals.
Selection rules are the specific conditions where it is appropriate to execute a method.
Models such as GOMS were a significant attempt to place human-computer interaction and
design on a more theoretical basis. However, such models were derived from the error free
performance of text editing experts. Thus the scope was narrow and did not account for

learning, skills acquisition or errors.

2.3.2 Collective work practice
Team performance has been the focus of research, particularly in commercial, industrial

and military sectors. Teams comprise interdependent individuals with different roles,
responsibilities and knowledge (Cannon-Bowers, Salas & Converse 1993). Effective teams
share common features such as mutual monitoring and feedback, awareness of team
members’ roles, responsiveness to change in task or team, effective communication, and
shared understanding of the team’s situation and course of action. A better understanding
of how teams work together has emerged from observation of their performance in high
fidelity simulations and studies of real-life settings. For example, the concept of situational
mental models (the common blackboard that team members share) and mutual mental
models (knowledge of the roles and responsibilities of team members) provide an
explanatory framework for the analysis of team interactions. It is thought that situational
mental models aid the ability of a team to form more accurate assessments and therefore to

plan more effectively (Zsambok 1997b).

The factors that contribute to team effectiveness and the role of technological support are
not well understood. However, concepts such as situational mental models indicate that
technology could play a part in the support of teamwork through the development of
external representations to aid the formation of shared mental models. The shift in focus
from the study of individuals, usually under laboratory conditions, to naturalistic study of
teams in real work settings, has so far had little impact on the design of decision support
systems. However, there is some evidence to suggest that information systems, which
display all available information to team members, can improve problem analysis, level of
participation, confidence, satisfaction, quality of decisions, and reduce the dominance of

groups by an individual (Pinsonneault & Kramer 1990). This should give a new sense of
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direction to the design of decision support systems. A combination of technological
support could aid the development of mutual mental models and establish norms of

performance with consequent improvements in communication and teamwork.

2.3.3 Human-centred design
Early approaches to incorporate human factors in system design were often inadequate. For

example, automation of the work of coal miners initially caused suboptimisation of the
entire work system (Tryst & Bamforth 1951). This observation led to the sociotechnical
movement, which sought to balance the social and technical aspects of work systems to
achieve a better working relationship (Rogers 1997). However, its impact has been mainly
in the reorganisation of work around technology with little direct contribution to the design

of technology (Clegg 1994).

Attempts to redress the balance have led to the emergence of human-centred design, which
seeks to place users at the centre of the design process. This approach is guided by four
main principles (HUSAT 1988):

e Computer systems exist for human purposes.

e Computer systems should be judged by the criteria of those who use them.

e Design teams must involve users in all stages of the system’s life-cycle.

o Computer design must take account of user characteristics.

Methods and tools for human-centred design have been slow to evolve. For example,
attempts to involve users have not been without difficulty, as it is not clear at what point in
the design process users should be involved or how they can contribute. End-users are
often too busy to participate in the design and evaluation process. Those who do participate
are often well motivated and co-operative. Users recruited as part of a design team are
often senior, articulate members of staff. Designers frequently encounter difficulty in
acquiring clear information about users and their tasks. Many users have difficulty in
identifying their needs and while they understand their own work they are sometimes
unaware of the wider aspects of the work system (Hughes et al., 1993). In addition, there is
evidence to suggest that in practice some people cannot articulate their actions but act
correctly, while others articulate clearly what should be done but do not actually do it
(Broadbent 1990). Issues of how to best involve users in design, identify user

requirements, or bridge the ‘evaluation gulf® have yet to be resolved.
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2.3.4 Ethnography

The study of human computer interaction (HCI) had been dominated by quantitative
research methods, but the artificial and unrepresentative nature of many studies limited
their application (Carroll 1997). Numerous complex processes occurred during a task, any
one of which could affect performance, so it was difficult to generalise research findings to
other tasks or systems (Monk & Wright 1991). More recently, a number of workers
dissatisfied with the limitations of quantitative research methods, have turned to qualitative
research methods, in particular fieldwork studies termed ethnography, to inform computer
system design (Hughes et al., 1993). Ethnography is a qualitative research method where
the researcher enters the work setting to observe the social and organisational interaction of
participants (Mays & Pope 1995). The research approach is compatible with human-
centred design as there is a commitment to a faithful description of the work context.
Ethnographic research is discussed more fully in section 4.4. Ethnographic studies often
provide insight into the tacit and hidden aspects of work practice and may have an
additional role as a vehicle to ‘champion’ and articulate the needs of users (Hughes et al,,
1993; Rogers 1997). Qualitative research adds richness and depth of understanding, but it
does have some practical problems. The duration of studies can be prolonged and the
amount of data can be overwhelming and difficult to analyse. There is now a growing body
of qualitative studies of work practice in a wide range of settings. These will be discussed

more fully in the following chapter.

2.4 The legacy of technology-centred decision support
system design

Decision support systems first emerged at a time when medical hierarchy was rigid,
medical advice didactic and rarely questioned, the patient was a passive recipient, and
litigation was rare. These historical contingents led to the design of computer systems that
provided a “unique single moment intervention” (Berg 1997a, p. 323) and an image of

“lordly expert systems dispensing advice to human minions” (Lipscombe 1989, p. 186).

Traditional design models have focused on expert clinicians, knowledge elicitation and the
technology. The attention given to ‘decision making’ as the critical moment, has
overshadowed the roles of the various people involved in patient care and their interaction
with each other and the patient. Consequently the social and organisational context of the

system of care has often received little attention (figure 2.0).
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