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Abstract

The development of computer systems in UK hospitals has in recent
years been focused on the provision of hospital-wide information systems,
known as Hospital Information Support Systems (HISS). This development
has been motivated by National Health Service reforms and a realisation that
earlier fragmented systems were not meeting the requirements of clinical and
nursing staff in the most effective way. Such systems were often developed
by external, centralised agencies using systems analysis techniques
appropriate to the development of information systems in product orientated
organisations. However, the hospital ward, an environment existing at the
'sharp end' of health care, in which many diverse and non-computer related
activities take place, presents the system designer with many of the classic
problems with which the discipline of Human Computer Interaction (HCI) is
concerned. Although a HISS has the potential to improve both the work
conditions of clinical staff and the delivery of health care, this may be
impeded by many of the common obstacles associated with the introduction
of a large and complex computer system into a work environment where
tasks are ill defined. ‘

This thesis reports on a project that is based upon the application of
HCI methods to the health care environment and their contribution to the
solution of the problems that such an environment presents. Requirements
for the users' interface to the potential HISS are derived using a task analytic
approach, involving Task Analysis for Knowledge Descriptions (TAKD). A
prototype system has been designed and subsequently evaluated in a hospital
ward. The contribution of TAKD to the design and its further applicability to
the environment are assessed.

The research represents an original application of a formal task
analysis method to the design of ward based computer systems, and as such
makes a valuable contribution to the areas of medical informatics and HCI. It
shows that TAKD has real but limited applicability in this sphere, in that its
use can lead to the design of more usable interfaces, while there is a need to
combine it with methods aimed at broader systems design if these benefits
are to accrue in the development of a HISS. The potential for the integration
of task analysis with Design Rationale methods is also demonstrated.
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Chapter 1

Introduction

The drive towards Hospital Information Support Systems (HISS) in
the UK has brought with it many of the challenges that come with any large
information system development. The implementation of a HISS represents a
major investment of resources, of an order far greater than that for the
smaller systems which have existed at the departmental level for several
years. Such investments are not without their associated problems; Gough
(1991a; 1991b) reports on the severe difficulties encountered in some of the
HISS pilot sites. Moreover, the risks associated with failure are exacerbated
by the public's perception of a resource-starved National Health Service
squandering funds on information technology, with the highly publicised
recent problems in the Wessex Health Authority (Warren, 1992) and the
London Ambulance Service (Brown, 1992) doing little to allay these
concerns.

The objective of a HISS, as stated by Gronlund (1991) is:

..... to provide support in the operational activities of a hospital,
in the day to day work of nurses, clinicians, and other hospital
staff, and in providing an improved service to patients."

Given this acknowledgement of the pivotal role of the ward staff in a HISS,
it is clear that the end users should be of prime concern throughout the HISS
life cycle. It will be their experiences, as they interact with the computer
system, which will be one of the major determinants in the success of the
system. The work which forms the basis for this thesis takes this assertion as
its underlying theme. This chapter sets the scene for the research work
undertaken, initially by presenting the historical background to the
development of hospital information systems. It follows on by giving a
justification for the user centred approach upon which this work is based,
and finally gives an account of the current situation in hospital wards firstly
with respect to the use of computers, and secondly with respect to
approaches to investigating the ward environment.



1.1 Historical perspective of information technology in
hospitals

The context within which this thesis 1s set is the outcome of an
evolutionary process originating in the USA in the early 1960s, when
automation was first introduced into hospitals. Over the last three decades,
the direction in which healthcare informatics has developed has been the
result of many pressures. The principal early stimulus for automation in the
USA came from the Medicare and Medicaid programmes, which were aimed
at care for the elderly and the poor respectively. Accompanying these
programmes was a huge increase in the amount of administrative activity in
hospitals seeking reimbursement from Medicare, Medicaid and similar
insurance companies. Even at this early stage, it can be seen how
developments in medical informatics came as responses to financial and
administrative needs. Indeed, by the 1970s, commercial hospital accounting
systems had become the norm in American hospitals. Departmental
computerisation had begun in clinical laboratories by the late 1960s, driven
by pathology specialists. Their interest lay in the benefits that would accrue
as a result of improvements in laboratory efficiency ensuing from
automation. Meanwhile, patient care systems, based on automating the
nursing station, initially met with developmental problems, and did not
become common until well into the 1980s. However, they are now well
established and are becoming more sophisticated in meeting the needs of
nursing and other clinical areas of hospitals.

Development in the UK has proceeded more slowly than in the USA
(Dorenfest, 1993; Thorp, 1993). At first computerisation was on a piecemeal
basis; individual hospital departments would acquire scientific systems, for
example in radiology, or following the American example, in clinical
laboratories. However, by the mid 1970s, although there were a few
integrated laboratory systems linked to ward VDUs, such as at the Charing
Cross Hospital, London, most major systems were concerned with
accounting and hospital supplies, once more reflecting a concern for the
control of expenditure.

A major impetus for change in the UK came about following the
publication of the Koémer reports, beginning in 1982 (Komer, 1982),
commissioned as part of a government initiative to overhaul management in
the health service. An important outcome of Koérner was the identification of
a need for a ‘minimum dataset', to be used by management for the monitoring
and planning of services. In order to capture the required Korer data,
hospitals responded by implementing Patient Administration Systems (PAS).



This in turn required a great increase in investment in IT within the health
service.

Subsequently, with the publication of the Griffiths report (Griffiths,
1983), there emerged the perception that doctors should be accountable for
the expenses associated with the delivery of health care. This led to the
Government's Resource Management Initiative (Department of Health and
Social Security, 1986), which required that hospitals and Health Authorities
should aggregate data from a variety of sources in order to build an accurate
picture of the care received by each patient, with the aim of maximising the
use of resources. This involved grouping patients by diagnosis type, and then -
matching the care actually received against the expected care that a patient
of that type should receive. In doing so, this exercise necessitated drawing
data from all departments that utilised or generated patient-related data,
including the PAS, the pharmacy, the pathology laboratories, the nursing
system, and so on.

By this time, the first commercially produced integrated systems had
become available from the USA, with a full Hospital Information Support
System (HISS) being implemented at the Royal Hampshire County Hospital,
Winchester, in 1986. While other hospitals watched this development with
interest, there grew the realisation that integrated operational systems were
feasible and had the potential to bring substantial benefits in terms of
efficiency and quality of care. The first national initiatives began to appear
for the co-ordination of the various information management ideas that were
emerging, in particular with the launch in December 1988 of the HISS
Programme by the NHS Management Executive. This had the intention of
creating a central pool of expertise that could be drawn upon by hospitals,
and of promulgating the advantages of integration.

The most recent major development occurred soon afterwards with
the publication of the White Paper Working for Patients (Department of
Health, 1989). This defined hospitals as the providers of health care for other
organisations, such as District Health Authorities, to purchase on behalf of
their patients. With this re-organisation, the data collected in Resource
Management suddenly became crucial for the accurate measurement of the
cost of care, which could be used for the purpose of contracting with the
purchasers.

What is most noteworthy is the thread running consistently through all
of these developments: health care computing has been dominated by the
information needs of management. There can be little doubt that this remains
the situation: the Department of Health (Department of Health, 1990) issued



guidelines to hospitals for action to be taken regarding information systems,
including the statement that:

..... the current priority must be to ensure that adequate
information is available to enable providers to enter into
contracts."

1.2 The motivation for the project

The inception of the project occurred when the District Health
~ Authorities had a major role in the workings of hospitals, before the
implementation of the internal health care market in 1991 and the
establishment of the first NHS Trusts. Sheffield Health Authority ran a large
central PAS along with computers which stored clinical laboratory results
generated by individual hospital systems. In addition, the hospitals were at
various stages in their acquisition of nursing systems which were also to be
PAS-linked. The authority was concerned with the integration of these
developing systems, both at the unit (hospital) and district levels. This was to
be a large undertaking, and reports were undertaken to discover the scale of
the problems that might be encountered (Jones, 1988). The Authority
acknowledged that to integrate these systems at the 'sharp end' of health care
practice, on wards or in clinics, would require a degree of commonality of
interfaces, which should be characterised by their ease of use and should fit
in with the conceptual framework of the principal users. It was in this
context that the project was established, in order to explore the issues
surrounding the design of integrated hospital information systems from the
perspective of the ward-based user.

1.3 User centred design

Large IT projects have traditionally been viewed from what
Kammersgaard (1990) calls the systems perspective, wherein components
are characterised by a set of data types and a set of actions which involve
those components. This is indeed the perspective taken by the NHS itself in
its Common Basic Specification data modelling programme (NHS IMG,
1990). According to Kammersgaard, the disadvantage in using this
perspective in the design of systems is that the end users are seen as data
processors, and the interface between them and the computer system is seen
as another interface between two system components (albeit with its own
particular requirements). There is a tendency in the systems perspective to
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reduce the jobs of human components within the system to algorithmic
procedures, because one is not allowed to consider aspects of a job which
cannot be described as data processing. The work of doctors and nurses is
very obviously much more than this: the design of the computer system must
take account of those non-data processing aspects of ward activity.

Insufficient attention to the users and how they are to interact with the
system can have important effects. Sutcliffe (1988) outlines some of the
consequences of poor user interface design:

+ Increased error rates in data entry and system operation.

» User frustration, leading to low productivity, stress, or system under-
utilisation.

» Poor system performance, i.e. problems with its usability may result in it
not performing to its specification.

«  System failure, because of rejection by its users.

Such problems can be avoided by the consideration of human factors and
usability in system design and installation. Shackel (1990) reports that
reduced project costs can be a product of such consideration. Gould and
Lewis (1985) discuss the principles upon which the design for usability of
systems can be based. Their emphasis is on early focus on the users and their
tasks: the successful application of these principles is described by Gould er
al (Gould et al, 1990).

1.4 The need for user-centred design in the hospital ward

The hospital ward displays a combination of four attributes, any one
of which would require careful consideration with respect to its effect on the
users' needs. The presence of all of these qualities in one environment makes
it imperative to focus on the users for the design of a successful HISS.

« Task complexity: Caring for patients is an ill-defined and complex
activity, and information based tasks are intricately linked with patient care.
This relationship must be unravelled by detailed analysis of those tasks to
provide a system which most concurs with the requirements of the ward
staff.

+ Work environment: Doctors and nurses work under conditions of
considerable stress. Stresses come from a variety of sources, and the
introduction of a computer system should not add to them. On the contrary,
there is a need to enhance the work environment and not hinder patient care
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by mmposing further burdens on staff. Hence the usability of the system
should be of the highest priority.

« Staff diversity: The ward workforce is varied and mcludes many
transitory and occasional personnel. If the HISS is to become central to the
ward activity, then the system must be easy to learn, easy to use, and it must
be easy to retain knowledge about its use.

» System complexity: The manual information systems that impinge on
wards are highly complex, and transferring these to a fully operational HISS
would result in a computer system with a large amount of functionality at the
disposal of the ward staff. Several outlying systems, each with its own user
interface, must appear as one on the ward. This 'system transparency' must
be accompanied by consistency across applications to minimise the learning
load on the users.

Despite these particular attributes, the emphasis on information
gathering for management purposes reported above has meant that the needs
of the people who deliver the health care have been largely ignored. Where
recognition of the importance of the user interface is given, it is often
simplistic. In a survey of nursing systems, for example (Pluyter-Wenting,
1992), a list of requirements to ensure acceptance of the system merely
mentions that "user friendliness”" is  necessary.  Sometimes,
acknowledgement of the importance of the user interface is cursory; for
example, a 138 page report (Benson, 1991) aimed at helping heath service
managers in the procurement of information systems warrants only half a
page on this subject. Moreover, the particular section concerned begins with
the words "Data entry into the computer should be...", betraying the
systems perspective in which the users are held.

There is now, however, a growing awareness that the clinical and
nursing staff have been neglected in the move towards computerisation in
hospitals. Bamett (1993) articulates the commonly held view that the
introduction of computers into health care is treated with scepticism or
disinterest by most clinical nurses because the needs of managers,
administrators, civil servants and politicians have been foremost, and she
goes on to report a shift towards a focus on clinical practice. In a
retrospective view of the implementation of nursing systems, the Audit
Commission (1992) reported on the lack of commitment shown by nurses,
citing various causes for disenchantment:

+ Systems resulted in additional work with little proven benefit for the
patient.



» Systems were perceived to be of little value to those required to operate
them.

» Managers were not seen to make constructive use of the data the nurses
entered.

» The pace and timing of implementation were often seen as having been
poorly co-ordinated with that of other changes on the wards.

Furthermore, although attempts had been made to engender a sense of
ownership by involving interested ward nurses in the implementation, these
had been restricted to specifying the detail of the system, and not in
"discussing the way it should be used". Consequently, only an enthusiastic
minority was genuinely committed to the use of the system.

A similar lack of success is reported with respect to clinical computer
systems, reflected by Safran (1993) who, noting the small proportion of
clinicians to administrators and IT professionals at a recent UK healthcare
computing conference, emphasises the need for more involvement by doctors
in healthcare informatics, stating that "....good clinical computing can only
happen if physicians are active participants in the process [of developing
systems]”. The uptake of computers in hospital consulting rooms, for
example, is one percent, as opposed to forty percent for GPs (Benson,
1993). In the analysis of the reasons for this poor uptake by hospital doctors,
criticism is yet again levelled at the emphasis on management information at
the expense of improving the information systems available to help doctors
at the point of care. Reference to the user interface as the factor behind the
lack of interest is made by Vincent (1993), who reports that the lack of
transparency of links to other systems (PAS, pathology, pharmacy etc.) has
been a problem. However, he suggests a more important factor is the
perception by doctors that the extra effort required for data entry and
retrieval outweighs the potential benefits of using computer systems.

The acknowledgement of the need to re-focus on clinical, rather than
administrative needs, is typified by the Integrated Clinical Workstation
project (NHS Management Executive Information Management Group,
1993). The user requirements that have been drawn up for this proposed
ward based system include many references to the user interface and its
importance. However, this move towards a user-centred approach is much
less significant than it would seem: the requirements have been derived from
questionnaire responses and workshop sessions with hospital consultants.
Such clinicians perform a tiny proportion of the information handling in the
hospital ward, and the omission of any input from the real users, the junior
medical staff, risks a perpetuation of the neglect described earlier. The type
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of end user selected for involvement is important. Systems development
project teams do include nursing and medical staff, but the author's
experience suggests that these personnel tend to be at least sympathetic with
the project aims and are keen to make a positive contribution. They may also
be in positions of responsibility: it is common to find ward sisters or
consultants on project teams. Whether they represent typical end users is
highly doubtful. Typical users may be less experienced and less enthusiastic.
The requirements for the user interface should be derived from an
understanding of the real users of the potential system, and of their
information needs. The discussion now continues with a consideration of
why, from the users' viewpoint, computers have had little impact, and how
their information needs might be derived.

1.5 The problem of attitudes to computers

As described above, it is well recognised that the introduction of
computers into health care has been slower than might have been expected.
Kjerulff et al (1989) assert that this is partly because physicians and nurses
tend to be somewhat cautious in their attitudes towards computers. There are
numerous reasons for such caution. The attitude of health care professionals
to computers has been a subject of much research, particularly with
reference to nurses (Brodt and Stronge, 1986). Bailey (1990) acknowledges
the importance of user satisfaction, wamning of the danger that low
satisfaction levels can lead to system rejection. The extent of negative
attitudes to computers is not certain. Sultana (1990) has found that attitudes
can be more negative than positive, although other evidence (Jacobson et al,
1989) suggests that, while computer anxiety could be a reason for nurses'
resistance to computers, the levels of anxiety levels amongst nurses are not
high. Schwirian et al (1989) have noted that attitudes improve with
experience of computers, and Grobe (1984) has looked at ways of
overcoming “computer cowardice" observed in student nurses. Several
themes emerge from the literature concerning this matter. One is that the
attitude and anxiety problem can be overcome by better training of nurses.
Another is that involving nurses more closely in system development will
give an improved feeling of ownership of the system. There is an abundance
of explicit advice to nursing systems managers (Warnock-Matherton and
Plummer, 1988; NHS Management Executive, 1990) about the need to
involve nurses as a strategy to enhance user acceptance of a new system.
Where these approaches to dealing with “cowardice” or "anxiety"” fall short
1S



1) They put the responsibility for system approval on the shoulders of the
nurses themselves, in that better training and the acquisition of experience
are perceived as the means of achieving positive attitudes to computers. No
responsibility appears to rest on the shoulders of the system analysts and
designers for producing something which is inherently usable, beyond
ensuring that ‘'user friendliness' is taken into account. Users and
implementors come to believe that it is obligatory for a new system to bring
with it a heavy training requirement; McQuaid (1993) reports on the
complexity of the training programme at the Central Middlesex Hospital
(and praises the loyalty and commitment of the staff that made it succeed). It
1s considered necessary to impose many hours of extra training on doctors
also: Robson and Joyce (1993) predict that junior doctors at the Greenwich
Hospital will need nine hours of training to use the hospital information
system, and note that they have yet to find a solution to the problem of
training the large number of locums that the hospital uses, stating that:
"...it is very difficult to provide adequate training, whilst still
enabling them to carry out meaningful clinical work."

1) The involvement of nurses in system selection and implementation is to a
great extent asking them to participate in a fait accomplis, in that their
mteraction with the system will be largely predetermined by the nature of the
software bought in by the hospital, with the users' contribution being more
about fine tuning than participation in design.

Attitudes to computers amongst physicians have been surveyed, most
notably by Teach and Shortliffe (1981), and more recently by Young et al
(1990). These reveal that opinions are in general quite favourable, though the
extent of such favour seems highly dependent on the role any computer
system might play. Computers are perceived as being most useful in a
decision supporting role, while it is significant that ease of use is ranked very
highly as a feature of a potential clinical computing system. There is the
clear indication of a perceived need for putting the potential system users at
the centre of the system design: Young (1990) argues that, for acceptance of
a clinical system, the basic characteristics of a doctor's job need
examination, in terms of the working environment or framework and the
essential or core tasks of the job. It must be pointed out that this refers to
physicians at the consultant level; while such sentiments must surely hold for
the more junior doctor who works primarily on the ward, there is a dearth of
published work on the attitudes of such doctors to computers.



1.6 Investigating the ward environment

Having decided that a user-centred approach may provide a solution
to some of the current problems with the introduction of computers into the
hospital ward, it is useful to consider to what extent the activities that are
carried out by ward staff have been studied. The hospital ward presents a
highly intricate environment. Interaction occurs amongst people and between
people and information at many levels, in terms of both the personnel
involved and of the sophistication of the information exchange. Because of
this complexity, studying the activity that occurs on a ward is in itself a
problem: it is necessary to restrict the scope of any investigation by
providing a focus. The focus which has been lacking in published studies to
date is that of information use by the ward staff.

1.6.1 Studies in general

The techniques that are employed to investigate activity in medical
environments vary according to the needs of those who commission the
study, and the scope of the investigation itself. Work sampling and time
utilisation studies are common, and have been used to provide information in
a wide variety of situations and from a range of perspectives. Thus Bhat et
al have performed a time utilisation study from the patients' perspective, and
work sampling involving observational studies of direct care has been
employed by Mayer ef al. The aims of a study may be general and primarily
descriptive (e.g. Laurente (1987)). Highly specific techniques or goals can be
involved: time-lapse photography has been used by Tyson ef al in an
investigation of the activity in a new-born intensive care unit, and the
physical design of the ward can provide a focus for an investigation of nurse
activity, as reported by Seeyle (1982).

1.6.2 Nursing workload studies

A common focus has been the need for hospitals to operate within
financial constraints whilst meeting patients' requirements. Thus much of the
effort that has gone into the investigation of hospital wards has concentrated
on measuring nurses' workload, and relating this to patient needs. Though
there are some common themes in nursing workload methodologies, as
discussed by O'Brien-Pallas (1988), most exist in isolation of each other and
are tailored to individual hospitals' needs, e.g. Linder (1990), McMichael
(1987), Misener et al (1987), Worthington & Guy (1988). Those which meet
with more widespread use are sufficiently different to produce inconsistent
measurements when applied to the same wards, as revealed by O'Brien-
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Pallas et al (1989). The nursing workload focus is particularly aimed at
describing and quantifying the nurse-patient relationship.

Workload studies are of limited value in their contribution to an
understanding of information based tasks. These tasks are a subset of the
total ward activity. While workload measurement studies do provide data
about such tasks, there are associated problems. Firstly, the outcomes of
workload measurement studies tend to remain as internal documents within
hospitals and do not appear in the published literature. Secondly, the relevant
data is dispersed throughout a mass of information, and extracting it is a
laborious and uncertain exercise. Thirdly, the grain of detail provided can be
poor in terms of what is revealed about the handling of information.

1.6.3 Studies of doctors in wards

Owing to the nurse-patient focus behind existing methods, the
involvement of doctors in ward information systems has been largely
ignored. Doctors are major players in the ward environment, exchanging
data with all other workers at some point in their work. Much of the
documentation on a ward is shared between doctors and nurses, even though
its use is intended primarily for one group only. An example is the drug card,
which is intended for use by nurses in the dispensation of drugs but is written
and very frequently referred to by doctors. Thus any study of the use of
information on a ward cannot hope to be complete unless the part played by
the clinicians is included.

As with nurses, studies of the activities of House Officers have been
motivated primarily by the need to determine workload. However, this has
been in order to ascertain the degree of overwork, and there has not been the
association with financial concerns that has been present in the nursing
methodologies. Perhaps because of this, few studies have actually been
undertaken or published. Recent work includes that by Katz and Schroeder
(1988), Leslie et al (1990), Lurie et al (1989), Turnbull et a/ (1990), and
Upton (1989), while Gillanders and Heiman (1971), and Payson et al (1961)
provide older, but still pertinent information. Different techniques have been
used, varying from blanket observations and timings of House Officers'
activities, to self recording by doctors and interviews with doctors about
workload concerns. The focus of this work has included night shift work
patterns, frequency of bleeper calls, and comparisons between grades. There
1s a paucity of published studies which focus on the information handled by
the doctors who work in hospital wards. In addition, the vital information
interchange between doctors and nurses has received little attention.
Engstrom (1988) has related work regarding the co-ordination of the
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information given to patients by the two groups, offering essentially narrow
patient-centred view, whilst more recently, Tange and Smeets (1993) have
carried out a very interesting study that reveals the division of tasks and
overlaps between doctors' and nurses' information needs.

1.7 Conclusion and thesis outline

The background to the research work has been described and put into
the context of the current situation in hospitals. The need for closer attention
to the requirements of the real users of a potential HISS has been identified,
and it has been shown that studies of the work carried out in wards has, on
the whole, lacked the information based focus that is required for user-
centred systems design.

The following chapter reports on an initial study of the tasks of
clinical and nursing staff, focusing on the use of information in hospital
wards. Chapter 3 goes on to consider the role of task analysis in interface
design, and reports on the application of one particular method to an area of
ward activity. The resulting specification of requirements was used in the
design and trial of a prototype system, in a process which is described in
Chapter 4. Chapter 5 describes the evaluation of the prototype, the findings
of which are discussed in detail in Chapter 6, concentrating on the impact of
the task analysis on the success of the system. Chapter 7 contains an
evaluation of task analysis in the overall context of software development,
and suggests how it might be further integrated into the development
process. The concluding chapter returns to the initial motivation for the
research, and assesses the effectiveness of the methods used in the
healthcare environment.
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Chapter 2

Background study

2.1 Introduction

~ The prelude to any analytical work necessarily comprises a period of
familiarisation with the environment of concern. In this chapter, the
preliminary investigative work that was carried out is reported upon.
Subsequently, an outline specification of requirements for a ward based
computer system is given.

It was not the sole intention at this stage to collect information, rather

to gain insight as to where to focus the work. The aims of the background
study were:

* To become familiar with the ward environment, with particular respect to
the use of information.

» To identify areas requiring more detailed analysis.

 To 1dentify areas into which the investigation might be extended.

» To produce an outline set of requirements for a ward based system from
a user-centred standpoint.

The intention was to concentrate on the information-based tasks
carried out by the ward staff, thus centring the investigation on the people
who would be the first point of contact with the computer system. Faced
with the complexity and richness of activity that is presented in a working
ward, there was the temptation to attempt to come to grips with the problem
by conducting a data-driven investigation typical of systems analysis
methodologies. Indeed, the very first meetings conducted with a senior nurse
did concentrate on familiarisation with the documentation that is used.
Whilst this did provide a good grounding, allowing the subsequent fieldwork
to be undertaken with a fair degree of comprehension, it was decided that, in
keeping with a user-centred framework, the core of this stage should
comprise an observational study of nurses and doctors carrying out their
normal job.

One possible approach to the study was to take a reductionist
standpoint by selecting representative staff and performing a high level
analysis of their tasks. This would provide a clear, tangible focus and would
also yield discrete data for analysis and interpretation. However, both the
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daunting breadth of activity that takes place on the ward, and the apparent
informality of much of the communication between people meant that such
an approach might fail to give a comprehensive or fully accurate view of the
workplace.

An alternative approach that has been gaining credence in recent years
is to use ethnographic techniques in order to understand the workplace in a
social context. Ethnomethodology is a product of the social sciences, and its
application to HCI has been pioneered by Suchman (1987). Central to her
work is the notion that when people act, they draw upon a set of resources
provided by the immediate situation in which they find themselves - a
strongly contextual view shared by Winograd and Flores (1986). Whilst
Suchman based her ethnographic approach on conversational analysis to
interpret people's actions using an existing office computer system, Hughes
et al (1993) report on the usefulness of more general ethnographic methods
to inform the design process as a supplement to more traditional techniques,
in the instance of air traffic control rooms. Although this approach is not
without its critics, for example Cooper (1991), Somerville et al, suggest that
there are pragmatic reasons for incorporating sociological techniques in
certain situations. The use of such techniques, they argue provides

"....an understanding of what is really going on in the workplace.
Because they [sociologists] establish a rapport with end-users
and learn many of the subtleties of their job, they act as a
communication pathway between system development and the
existing practice of users."

Although the author did not have the skills to carry out a thorough
ethnographic study, it was felt useful to adopt an ethnomethodological
perspective at least in part for the purposes of the study. Thus a combination
of approaches was employed, in which the outward, visible part of the work
comprised a broadly task analytic study of the work performed by
individuals during entire work shifts. This semi-formal task analysis was
intended to be in part a vehicle for the ethnographic study which ran
concurrently; informal opportunistic observations were made on the ward
activity, while a rapport was established and maintained with a wide variety
of staff, with a view to gaining further, less obvious insights into the working
environment.
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2.2 Methods

The subjects of the investigation were primarily a specialist surgical
ward at the Royal Hallamshire Hospital (RHH), Sheffield, where the
background familiarisation and first detailed study were conducted, followed
by a period on a general medical ward at the Northern General Hospital
(NGH), Sheffield. The work was carried out intermittently over a five month
period and involved major inputs from several categories of ward staff,
being:

* House Officer

»  Ward Sister / Charge Nurse
» Staff Nurse

» Student Nurse

» Ward Clerk

Informal discussions were also held at various times with doctors at the

consultant, senior registrar, registrar and senior house officer level, and with
other nursing staff.

2.2.1 Methods in general

The two principal methods used were interview and direct observation
of tasks. Detailed interviews were confined to the initial part of the work.
These were tape recorded and transcribed. The intention of this phase was to
provide a foundation for the observational work.

The bulk of the information gathered, and most of the insights gained,
came from the observation of the ward personnel carrying out their routine
tasks. Observations were performed on selected staff for an entire shift.
Communication was kept to a minimum during task performance, and any
questions were left until each task was completed, although the occasional
willingness of the observed staff to talk about their activity was not
discouraged. Table 2.1 gives details of the subjects and occasions of each
episode for which observations were recorded formally.

Clearly there were many other possible combinations of role, shift and
day type, although experience suggested that the coverage was
representative enough to include the great majority of tasks. Observations
were recorded according to the set of criteria below:

+ Task type
» Type of information involved (i.e. verbal or written)
+ Location on ward
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e Duration

SUBJECT | SHIFT | DAY PARTICULARS

SPECIALIST SURGICAL WARD

Sister i/c ward Evening (13.30 - 21.00) Theatre day

Staff nurse i/c ward Morning (07.30 - 16.00) Theatre day

Staff nurse Morning Theatre day

Staff nurse i/c ward Night (21.00- 08.00) End of theatre day

Staff nurse Morning

Student nurse Morning

Student nurse Morning

Ward clerk 08.00-16.00

House Officer 08.00-17.00 Theatre day

House Officer 08.00-17.00 Clinic
GENERAL MEDICAL WARD

Charge nurse i/c ward | Early (07.00 - 15.00)

Sister i/c ward Evening

Staff nurse Early

Ward clerk 06.45 - 13.00

House Officer 09.00 - 15.00, 21.00 - 00.00 Take day

House Officer 09.00 - 15.30

Table 2.1 Observed subjects and occasion details

The purpose of this was to determine the extent of the work that
involved the handling of information, the nature of the information, whether
particular data-intensive tasks were performed in particular locations, and
the differences between tasks™ performed by different nurses. A second
motivation for this semi- structured approach was to give authority to the
author's presence on the ward, rather than merely ‘hanging around'. This
provided the opportunity to make more general observations, particularly of
those ward staff who were not the knowing subjects of the current session.
Many tasks required little of the author's direct attention, so other events
could be duly observed and notes taken. The opportunity to talk to other
ward staff at such times also proved invaluable.

2.2.2 Medical staff

The observations on the medical staff were carried out slightly
differently. With as few as two doctors on the ward at one time, the
comparative standpoint taken for the observations on nurses, who were
present in larger numbers and had evidently different roles, was not
necessary. Thus this set of observations was concemned more with
identifying the tasks carried out by doctors in the context of their overall job.
It was realised very early on that the doctor’s work is very data-intensive,
with information being used in every location on the ward. Of the four
formal House Officer observation sessions undertaken, only the latter two
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included detailed task timing and location data: the first two were used for
familiarisation.

2.2.3 Communications survey

An exercise in collecting data about telephone communications with
the ward was conducted over a twenty four hour period on the general
medical ward at the NGH. Forms were placed by the telephones at the
nurses' station and in the doctors' office, and staff were asked to make a
single entry to record the source or destination of each telephone call made
or received.

2.3 Findings: nursing staff

The findings are described here in terms of the activities observed and
the documentation used. Outline findings are described first, then more
detailed task-related descriptions follow.

2.3.1 Task groupings - nurses

From the observational data, all of the task types that involved
recorded data were placed into broader categories, as shown in Table 2.2.
The term active time used below refers to the total time observed in the
performance of discrete, identifiable tasks. The term recorded data refers to
any instance in which information was read or written, such as in the use of
drug cards, care plans, fluid balance charts, and including the nurses’ own
personal reference notes.

Patient monitoring IVI therapy Fluid balance charts
Temp / Blood pressure/ Respiration  Pre/post op check
Pump chart Intake/output charts
Glucose level monitoring
Ward administration Patient Care Hours (PCH) charts Sign out patient
Maintain ward diary Maintain ward plan
Drug administration Drug round Giving drugs (non-drug round)
Check controlled drugs
Maintain patient notes Report Write admission sheet
Write care plan Maintain personal notes
Record patient progress
Communications Test requests Telephoned 1ab reports
PCH totals Appointments
Bed availability Requisitions
Patient transfers Ward summary

Table 2.2 Grouping of recorded data related tasks into task areas (nurses)

While Table 2.2 includes only those tasks that were observed, it does
contain the great majority of the data-related tasks performed on a ward. The
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definition of task areas themselves may be open to debate; for example,
there is some overlap between areas, especially between ‘communications’
and the other categories, and the decision to allocate tasks to particular areas
contained an element of subjectivity based on the perspective used in the
initial definition of the categories.

2.3.2 Tasks types and the role of the nurse

There was a clear difference in the tasks carried out by nurses in
different roles. Most markedly different was the nurse in charge, over 70%
of whose time was found to involve recorded data. The great majority of
physical, non-data orientated tasks such as making beds, bed baths, dressing
changes, etc. were performed by lower level nurses, who were involved in
data related tasks for about 35% of their time.

Figure 2.1 gives a breakdown of the data related activities according
to the groupings described in Table 2.2. The significance of the drug round
to the job of the nurse in charge is very noteworthy. Staff nurses were
involved in the administration of drugs, sometimes carrying out a complete
or partial drug round, to back up the nurse in charge. A very small
proportion of the time was spent in extra-ward communication. This can be
attributed in part to the brevity of most communications, and also to the
nature of the data communicated. The nurse in charge had a greater burden
of administrative tasks, while tasks involving direct patient monitoring were

40 -
35 -
30 -

B I/C Ward

O Other nurses

25
% Active
time 20 4

15 1
10 4

Pat
monitoring
Drugs
Pat notes M
Comms

Ward admin

Task arca

Figure 2.1 Percentage time engaged in main data related task areas

undertaken mostly by the lower grades. Extensive use was made of the
patient notes in one form or another by all nurses.
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2.3.3 Task types and their location on the ward

The locations where these various tasks were performed are shown in
Figure 2.2. Included here are observations on the ward clerk (whose work
was almost entirely geared around the handling of recorded information).

Most patient monitoring tasks occurred at the bedside, while most
administrative tasks were done at the nurses’ station. The location of drug-
related tasks was dependent on the location of the drug trolley, which was
kept at the nurses’ station when not being used for the drug round, and at the
drug cupboard, which on these wards was adjacent to the nurses’ station.
Communications were made entirely from the nurses’ station, or required
staff to leave the ward to take requisition slips, for example, to their
destination.

Tasks involving use of the patient notes were much less confined by
location. They tended to be carried to where they were needed: the sister’s
office for report, the bedside to write a care plan, and so on. Their use at the
nurses’ station was often for convenience - they happened to be stored there.

100
B Nurses' station
Bedside
OOther

90
80

70

% total time for 60
task type by
location

Pat Ward Drugs Patnotes  Comms
monitoring  admin

Task areca

Figure 2.2 Percentage of total time per task type split by location

2.3.4 Patient monitoring

This constituted the second most data-intensive task area for the
majority of nurses. It was notable for its frequency rather than its duration:
the measurement of the various aspects of the patients' metabolism is a
(several times) daily routine, made up of many brief tasks. On the whole, it
was carried out by the lower grade nurses, with the nurse in charge
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contributing most usually in the course of checking the progress of a
particular patient of interest.

2.3.5 Ward administration

The completion of PCH charts related to this aspect of ward
administration. (The general medical ward was not involved in the use of
patient care hours for calculation of staffing requirements, thus this did not
feature in the latter part of the study.) On the basis of observations on three
nurses who produced them, PCH charts took up 4% of active time.

2.3.5.1 The ward plan

A ward plan is a display in a prominent position near the nurses’
station and was found on most of the wards visited in the course of the
study. It lists patients currently on the ward, grouped by bay or room. Other
details, such as a consultant colour code, may be included. Reference to the
ward plan was very frequent indeed in the two wards of the detailed study:
in one, its position also enabled visitors to the ward, such as medical staff,
social workers or relatives, to locate patients without needing assistance. It
1s used at changeover by nurses starting the shift as the first reference to the
current set of patients. Bed moves, transfers and discharges are recorded by
any member of the ward staff as they happen - checking is done simply by
the 1dentification of errors in its current status. Because reference to it is so
frequent, the ward plan is rarely inaccurate.

2.3.5.2 The ward diary

Some form of ward diary or patient log was kept in both wards in the
study, and in others that were visited. Differences did exist between the
forms they took, the data held, how they were used and by whom. The term
‘ward diary' is used here to encompass all of those documents that provided
a day to day record of ward events not covered by other means (such as the
nursing cardex). Typical uses of the ward diary are shown below.

» Arecord 1s kept of patients who stay on the ward. When a patient leaves
the ward, their paper records leave with them: the record is used for back
reference, for example when enquiries are made by relatives or staff from
other parts of the hospital. This record may be alphabetical or may be a day
by day log of who is in each bed in each room/bay. In the former case,
admission and discharge dates are recorded along with the patient sticker,
which forms the main entry. The destination of the patient (i.e. home, other
ward etc) is also recorded. It was not ascertained to what extent this record
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keeping was a redundant activity, or whether another department such as
admissions could more efficiently act as a repository for such data.
 Details about the patient’s treatment may be included, e.g. reminders to
perform certain tasks, such as remove a catheter, or take a specimen. On the
surgical ward, the nature of the operation undergone, and the post-operative
time are recorded. Requests to contact certain personnel such as a dietician
may be placed.

* Requests to carry out discharge related tasks are included, such as
ambulance bookings and out-patient appointments. Such requests are
typically directed at the ward clerk, though nurses may carry them out. On
completion, requests are ticked off.

» Reminders are placed for ward specific requirements such as repairs or
the need to place requisitions for particular items.

» There are typical diary entries such as reminders of courses to attend,
meetings arranged, special events, and so on.

2.3.6 Drug administration

The need for accurate recording of all data relating to the
administering and control of drugs makes this area very data intensive. It is a
highly collaborative exercise, with much consultation and frequent cross
checking of information. Many people are involved, and though the nurse in
charge was seen to carry the bulk of the responsibility for administering
drugs once prescribed by a doctor, much parallel activity was observed
involving multiple use of drug cards. ”

2.3.6.1 Personnel involved in drug administration

» Nurse in charge: Figure 2.1 shows the preponderance of drug tasks in the
activity of the nurse in charge, occupying 37% of the active time of those
nurses observed. Several drug rounds may occur in the space of a single
shift, with additional individual patient dispensations in between these times.
The net effect of this can be that the job of the nurse in charge seems to
consist of the continual dispensation of drugs, punctuated by other tasks.

+ Staff nurses: These very frequently administer drugs, and sometimes do a
drug round for one or two rooms/bays. In the general medical ward, there
was a deliberate policy of delegating the drug round to the staff nurse
responsible for that bay. Frequently, an individual patient would receive a
single drug extra to the drug round, for example a pain killer or insulin dose.
Every instance of this requires access to the patient's drug card.

 Other nurses: Student nurses or other unqualified staff administer drugs
after consultation and cross checking by a qualified colleague. This is an
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important part of their training, and also eases the workload of the qualified
staff. It is important to note that such a consultation again involves reference
to the drug card. '

» Pharmacy staff: Weekly visits are made to the ward by pharmacy staff to
check stock drug levels and to re-order as necessary. Also, the signature of a
pharmacist is required for non-stock drugs prescribed.

» House Officers: Their central role in this area is described in section
2.6.4.

+ Ward clerk: At the NGH, where requisitions for drugs can be faxed to
pharmacy, the ward clerk may be involved in this activity. Writing of
requisitions themselves may be carried out by the ward clerk at the request
of someone else.

2.3.6.2 Use of the drug card

As the previous section indicates, most of the ward staff would at
some time require access to a patient's drug card. The drug card is kept by
the bedside, though it may temporarily reside with the drug trolley. The
prime responsibility for the information contained is the House Officer's:
nurses record the execution of the instructions it holds. Although only one
person uses one card at any one time (except during discussions between
colleagues about the patient), several cards may be used simultaneously. An
infrequent but entirely possible scenario might be:

* One House Officer is making an amendment to a card.

+ Another House Officer is referring to a card whilst updating a patient's
notes.

+ The nurse in charge is conducting the drug round.

+ A student nurse is consulting with a staff nurse about giving an analgesic.

» The ward clerk is faxing a special request through to pharmacy, or the
card has been sent to pharmacy for addition of a drug.

The drug card is subject to frequent alterations as a patient's condition
changes. Prescribed drugs, dosages, times and frequencies may all be
altered. A signature is required for each administration. The portability of the
drug card is a vital property. It will follow the patient on ward transfer, or to
theatre, where further entries will be made. Access and alterations to the
information it contains occur in many places - the nurses' station, at the drug
trolley, in the doctors' office, by the bedside, and at any time.
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2.3.6.3 Controlled drugs

Maintaining an accurate record of controlled drugs kept on the ward is
a time consuming and data intensive activity. Frequent checks are made of
the numbers of these drugs, and each administration of one requires an
accurate, cross checked written entry in a log. This task is performed either
at the drug cupboard, or at the drug trolley: the controlled drug book is the
physical data store.

2.3.7 Maintain patient notes

Grouped into this task area are the activities that are related to the
upkeep of the nursing record as outlined in Table 2.2. Also included are the
end of shift report and tasks involving use of the nurse's personal notes, both
of which have links with the nursing record as described below.

2.3.7.1 Planning care

The writing of care plans took up 5% of the nurses' active time. Wide
variations were seen in their usage. In the NGH, the presence of a
computerised care planning system meant that care plans were written by
necessity at the nurses' station. At the RHH, a variety of approaches was
seen within one ward. Care plans were written at the bedside or at the
nurses' station.

Care plans were written at various times, although this tended to be
when other tasks had been completed. Time had to be found for the
production of care plans. This raises the possibility that they were being
written retrospectively - a confirmation of what care had been given, rather
than a plan of future care. Where the system was manual, several nurses
sometimes wrote care plans at once, though this seems to have been due
largely to the synchronisation of other tasks and their completion at similar
times. The restriction caused by having a single PC did not appear to cause
queues. It seems that the nurses adapted to this restriction.

The use to which care plans were put to was also seen to vary. In
some instances, they were produced and filed away. In others, they were
integrated into the overall patient care, being referred to during discussion
with the patient and on writing of the progress notes, and were updated as
necessary. This variation was seen within one ward, as well as between
wards and hospitals.

Attitude was seen to be a major factor in the use of care plans. This
was in turn influenced by other factors:
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* Type of ward: Where the patients exhibited a wide variety of conditions,
such as on a medical ward, there was felt to be a strong need to produce care
plans to match individual requirements. On a ward where patients' conditions
were more uniform, such as on a specialist surgical ward, the care from
patient to patient did not vary greatly, and the production and use of care
plans was considered to be an impingement on the delivery of care.

* Type of nurse: Within a ward where there was great variation in attitudes
to care plans; student nurses were seen to place more emphasis on them. An
inexperienced nurse can learn about established practices from a careful
deliberation of a care plan, while the influence of their training must also be
of significance.

+ The ward policy: Perhaps resulting from the characteristics of the type of
- ward, the whole ward policy to planning care could determine the attitude to
and use of care plans. Where their positive aspects were emphasised as a
matter of ward policy by the senior ward nurses, a favourable attitude
diffused to the rest of the staff.

2.3.7.2 Nursing record

This is the recording of the patient's progress, and involves the
evaluation of the care delivered. There was consistency within one ward,
where care plans are computerised. Here, the evaluation was done by the
bedside, with reference to a care plan printout. In a ward with an
inconsistent use of the care plans, the manner of completion of the progress
notes varied. Location of the task and reference to the care plan differed
from nurse to nurse.

Once completed, the progress notes become a component of the
patient's medical record. They are referred to by the House Officer on
occasion, for example in the morning in order to catch up on the patient's
progress through the night. They may be used at report, more particularly in
the medical ward, where afternoon report was given at the bedside, and
reference was made to both the care plan and the progress notes.

As with care plans, progress notes are usually completed by different
nurses at the same time. This tends to be done towards the end of the shift,
when evaluation of the care given is carried out.

2.3.7.3 Report

The report is the communication of the current state of the patients
between staff at the change of shift. It is an essential means of ensuring
continuity of care from shift to shift. Although it tended to take place in an
isolated location, such as the Sister's office, it was also observed at the
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nurses' station, and at the bedside (though a preliminary overview report was
still given away from the patients). The nature of the report was seen to be
common to all wards:

» The nurses first prepared a list of patients from the ward plan, using
anything from a note pad to a blank progress sheet.

+ The nurse in charge gave a patient by patient summary of condition,
treatment, progress, diagnosis, etc. Patient identification was by bay/room,
name, age and sometimes sex. Patients were dealt with in bay/room and bed
order.

» Each nurse took notes, the use of which is described in the next section.

The report was also used as an opportunity to pass other information
to the whole group, such as the allocation of staff to parts of the ward, where
relevant. The source of information used by the nurse giving the report
varied: the nursing record, the ward diary (in the case that this was used as a
patient record), or the nurse's own summary sheet compiled near the end of
the shift, along with the admission sheets.

2.3.7.4 Nurses' personal notes

These originate from the report. Their use was ubiquitous, at least
within the study area. They were used more near the start of the shift,
because at this time there was more new information to assimilate. The notes
seemed to act as a prompt, or as a means of recording an instruction or
information for later reference. After a ward round, the nurses would make
updates to their notes in accordance with any change in the treatment
required by the medical staff. It was the use of the notes as a running
commentary on the patients under the nurses' charge that seemed to be the
crux of their usefulness.

2.3.8 Communications

Communication is used here in the sense of information transfer
between the ward and outside bodies such as laboratories or administrative
departments. Communication of written data was not found to be a major
time consuming part of the nurses' job (Figure 2.1), although most
communication was verbal, over the telephone, and thus was not
incorporated into the figures from which the graph was derived.
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2.3.8.1 Types of communications

Table 2.3 gives a breakdown of the communications observed,
including telephone calls. It can be seen that the latter formed the great
majority of communications, with a substantial minority being from relatives
of patients. It is to be noted that there was wide variation between staff:
several nurses did no tasks in this category, while at the opposite extreme,
one ward sister was involved in 37 telephone calls in one shift, of which 10
were from patients' relatives. Though each communication was of quite short
duration, the sheer frequency of calls made communication a major part of
the ward activity. Jobs were frequently interrupted by telephone calls, while

Type of communication Number observed Percentage of total
Telephone calls:

Relatives 42 26

Other 100 63
Total of telephone calls 142 89
Written 17 11
Total communications 159 100

Table 2.3 Breakdown of communication types (nurses and ward clerks only)

certain tasks required a series of calls to be made. An example was in the
transfer a patient to another ward, which involved a series of calls to the
receiving ward, porters and the admissions department.

Communications of data, as opposed to the 'conversational' type
exemplified by a relative's call, were seen to consist of three types:

+ written - e.g. test ordering, requisitions for drugs

» verbal (telephone) involving recorded data - e.g. telephoned lab reports,
PCH totals, ambulance bookings from a memo in the ward diary or an item
in the nurse's personal notes

+ verbal (telephone) involving data held mentally - e.g. answering an
enquiry about a patient's presence on the ward, requesting a porter when a
patient is ready for theatre.

Outgoing communications tended to be carried out by the person
requiring them, or were delegated to someone else, most notably the ward
clerk. Incoming communications were invariably dealt with by whoever was
at the appropriate location, usually the nurses' station. Thus the ward clerk
and the nurse in charge were greatly involved. Incoming calls often had a
disruptive effect on several people: it was common for one person to answer
a call, only to have to seek out a doctor or the nurse in charge.
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2.3.8.2 Breakdown by function

Of the 159 communications reported in Table 2.3, 95 can be
categorised as shown as in Table 2.4. This shows that the majority of
incoming calls were for information about the ward, while the majority of
outgoing calls were for services to be provided.

Direction of communication | Function performed Percentage of total (n=95)

Outgoing Request for services 36 60
Request for data 14
Supply of data 10

Incoming Request for data 34 40
Supply of data 6

Table 2.4 Communications grouped by type of function - nurses and ward clerks.

2.3.8.3 Twenty four hour telephone log

Thes results of the telephone log, shown in Table 2.5, reinforce those
found by observing individual staff. It can be seen that there was a
preponderance of incoming calls from relatives, and a large number of
requests for services. Written communications were excluded from this set
of data, as were many more requests for services (i.e. from laboratories,
radiology, porters, etc). Examination of the log reveals that, excluding
relatives' calls, at least 35 different sources or destinations were in contact
with the ward. This is a clear indication of the complexity of the information
needs of the ward.

Source/destination Incoming - Outgoing All calls
Relatives 29 1 30
Services 13 13 26
Clinicians 6 7 13
Outside bodies 6 4 10
Other wards 4 3 7
Admissions 2 4 6
Others 3 5 8
Total 63 37 100

Table 2.5 Telephone calls logged over a 24 hour period as a percentage of 139 calls recorded in total.

2.4 Findings: medical staff

2.4.1 The general perspective

The House Officers and Senior House Officers on the ward perform a
variety of tasks which can be viewed in a very general sense from the
perspective of a patient from admission to discharge:
+ The patient is clerked by the doctor, when an initial assessment is made.
There are variations to this procedure according to the type of admission.
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+ Investigations are carried out as required.

* Treatment of the patient is determined on the basis of the patient's
symptoms, history, and the results of the investigations as they become
available.

+ The patient's treatment is modified according to the progress that takes
place, the results of further investigations and the guidance of senior
colleagues, particularly the consultant. This process continues until the
patient is discharged.

» Arecord is kept of treatment and patient's responses in the medical notes.

Events such as operations are incorporated under the heading of treatment in
the above summary.

2.4.2 Task areas

The great majority of tasks observed in the study fell into four
categories:

» Investigations - taking samples, ordering laboratory tests and other
services, obtaining results.

* Drugs - prescribing and modifying drug therapy according to needs.

« Medical notes - maintaining an accurate and up to date medical history of
each patient. o

« Consultations - principally talking to patients about their condition or
treatment, but also conferences with colleagues, particularly during the
consultant's ward round.

2.4.2.1 Time spent in different task areas
Figure 2.3 shows the relative proportions of the House Officers' time spent in
the various task areas.

While the largest proportion of time was spent on tasks which were
essentially communication with the patient or with colleagues, the
significance of the other task areas is noteworthy. Nearly 40% of the House
Officer's time was spent on tasks related to investigations or drugs. Both of
these have a major data component. When this is combined with the 21% of
the House Officer's time spent recording the medical notes, it can be seen
that the overall job is very data intensive. In addition, the consultations with
the patients and colleagues usually involved reference to recorded data, most
frequently the bedside notes, but also the medical notes.
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2.4.2.2 Investigations

Tasks related to investigations constitute a central part of the House
Officer's job, particularly on a general medical ward. The numbers of the
different investigations requested during the periods of observation are
shown in Table 2.6.

Investigation requested from Number requested
Clinical chemistry 21
Haematology 9
Radiology 3
Bacteriology 9
ECG 6

Table 2.6 Destinations of test requests (total = 48) made during 15 hours of observations on one House Officer

The distribution of requests amongst the various departments will vary
from specialty to specialty. These figures serve to illustrate the great
demands on these departments and the communication needs of the House
Officers. Indeed the majority of the telephone calls made by the House
Officers related to investigations, as shown in Table 2.7.

Reason for call Number of calls
Test request 16
Test results 2
Other 8

Table 2.7 Telephone calls made (total = 26) during 15 hours of observations on one House Officer
An urgent request requires more work by the doctor, in that it needs to

be backed up by a telephone call. Some House Officers will take the samples
for testing directly to the laboratories to ensure prompt service by catching
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early test runs. A 'personal approach' in working with laboratory staff was
thought to confer favour from the laboratories.

Each test ordered requires the recording of basic patient details; often,
but not always, achieved by means of attaching a patient sticker to the
appropriate form. Request form filling is time consuming; one House Officer
was seen to prepare batches of forms the evening before a shift to save time
later. As there is only a limited number of investigations possible, a large
proportion of the requests is duplicated from patient to patient. This is
particularly true for the routine tests performed on patient admission.

The results of investigations reach the House Officer fairly promptly.
Table 2.7 shows that only two special calls for results had to be made.
However, the considerable anecdotal evidence about having to chase up for
results was supported in one of the surgical ward observations. The need to
have all investigations completed in time for theatre resulted in the House
Officer visiting relevant departments, collecting test result data, X-ray films
and so on. There were delays that led to more telephone calls and repeated
visits, with much loss of time and resulting stress as a deadline approached.

2.4.2.3 Medical notes

Maintenance of the patient's medical notes is an essential part of the
ward doctor's role. The observed doctors were seen to be meticulous in their
recording of each case The patient's treatment and progress were logged,
along with the clinical evidence on which decisions were based. Hypotheses
and the outcomes of lines of reasoning were noted as appropriate.

The results of investigations were copied into the medical notes,
though only those results deemed relevant were included. Thus principal
blood count figures were entered as a matter of course, as were notable or
unusual blood metabolite levels. Changes to and reasons for drug therapy
were recorded. The medical notes contain a distillation of the mass of data
that is generated by the activity of the nurses and the external service
departments. What is contained is the selection of data that has been used as
the basis of patient's treatment.

The medical notes are treated as the definitive history of the patient's
stay in hospital, and their accuracy is essential. They were updated
frequently as each patient was dealt with. This updating would be done
where appropriate - many locations in the ward were used. Because of their
bulkiness, they were retained in a trolley. This trolley was sometimes moved
around the ward, while at other times, folders of notes were removed and
taken to the patient. As with so many other documents, their flexibility gave
the user the freedom to use them as desired.
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2.4.2.4 Consultations

Constituting the largest single task area, these included those activities
that brought the doctor to the patient to gather and pass on the information
which determined the patient's treatment. Various types of consultation were
seen:

» Clerking: the initial assessment by the doctor. The conversational nature
of this task is seen as its central feature, and the information gathered was
recorded only at the end of the session.

* House Officer's round: The doctor reviews the condition of each patient.
This involves intensive use of the bedside notes. Reference was made to the
whole array of documentation, from care plans and nursing evaluation
sheets, through temperature charts to ECG traces and haematological data.
Whilst these references were sometimes cursory, the ready availability of
these data at the bedside helped with the assessment of the patient by the
doctor.

» Consultant's ward round: This varied according to the consultant and
specialty. (On the surgical ward, it also acted as the House Officer's round:
the relative simplicity of the surgical ward is discussed in section 2.4.3) In
essence, the ward round provides a forum for the discussion of each patient's
progress. Inputs come from nursing staff, the House Staff, and senior
members of the consultant team. Reference may be made to any part of the
array of documentation, particularly the clinical notes, bedside notes and
drug cards. The ward staff will update this documentation as appropriate as
the ward round proceeds. Although the amount of discussion that occurs is
very much dependent on the consultant's approach, there is always a
requirement for accurate, recent and easily accessible data.

* House Officer-nurse consultations: These are very frequent and very
informal, often involving documentation, particularly the drug card, which is
a prime point of contact between these staff.

» Consultations between House Officers: Again, these are very frequent
and informal, and in the nature of mutual professional support. In general,
House Officers are independent of each other, as they are responsible for
different patients, very often under different consultants, although there is a
strong link between Senior House Officers and their juniors.

2.4.2.5 Drugs

Decisions to prescribe particular drugs are the House Officer's
responsibility. Changes are made according to the patient's responses,
feedback from the nursing staff, and input from senior colleagues. Writing
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out drugs cards and their amendment is a time consuming éspect of the
House Officer’s job. The House staff were seen to make great use of the
flexibility and ease of access provided by individual drug cards positioned at
the bedside. The task of ordering drugs from the pharmacy for patients to
take out on discharge is also time consuming, involving the transfer of data
from the drug card to another form used as a prescription for the pharmacy.
Doctors made frequent references to the British National Formulary (BNF),
for information about drug dosages, alternatives or contraindications. A
small and compact reference book, the usefulness of its portability was
displayed by the fact that some doctors were seen to carry a copy in their
pocket. Decisions to prescribe certain drugs are obviously influenced by
whether or not a drug is in stock. Access to accurate information of this type
was seen to be desirable.

2.4.3 Medical versus surgical wards

A major difference in the role of the House Staff exists between the
surgical ward and general medical ward. In a medical ward, the patients
exhibited a wide range of conditions. The doctor's approach is an
investigative one; the patient is admitted with a list of symptoms, the cause
of which may or may not be known. There is a significant portion of
diagnostic work to be done by the House Officer, who does not know which
test will yield relevant data. Thus many tests are requested, and great
importance is placed on obtaining results quickly, and on looking for
patterns in the results. The volume of work here is very high, and the
pressure is constant. When the ward is on take, patients with any one of a
multitude of problems can be admitted, and a doctor can experience a high
volume of work for very long shifts.

The surgical ward demonstrated different pressures, as illustrated in
section 2.4.2.2. The theatre timetable imposes urgency on the work of the
House Staff. The job here is to ensure that the patient is in as healthy a
condition as possible for the operation, and then to help the patient's
recovery. Investigations and documentation must be completed by a
prescribed time, so speed of response from the service departments is
important. Doctors spend much time and effort collating information.
However, non-theatre days can be very quiet, with a much reduced work
load, when the opportunity for study is often taken.
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2.5 Discussion: nursing staff

This discussion looks at each task area in turn and relates the findings
regarding roles, locations and documentation needs to the requirements for a
potential computer system.

2.5.1 Patient monitoring

Taking about 10% of the nurses’ time on the study wards, patient
monitoring occurred entirely at the bedside. Related tasks such as writing out
new charts took place elsewhere. While automating this group of tasks
would be prohibitively costly, there could be potential benefits from storing
the data generated in electronic form. The documentation produced during
patient monitoring is kept by the bedside. Consequently, references to this
data are carried out there, but this is not to say that access to it might not be
advantageous in other locations.

The nursing value of automating patient monitoring is uncertain: a task
such as taking a patient’s blood pressure provides an important point of
contact between nurse and patient. Information is exchanged between them,
and their relationship maintained. Many of the timings obtained for these
activities were prolonged because of this phenomenon; automation of patient
monitoring may not necessarily improve the quality of care for the average
patient, although evidence presented by Hendrickson and Kovner (1990)
suggests that bedside terminals do save time and reduce errors. While there
1s a strong case for such automation in Intensive Therapy Units, where there
is often no such interpersonal contact to speak of it is debatable whether it
would emerge favourably from a cost-benefit analysis for normal wards. A
real requirement may not be the automation of the collection of data, but the
collection of data by a means which, whilst preserving the advantages
conferred by current methods, allows the integration of this data with that
from other sources.

2.5.2 Ward Administration

The tasks grouped under this heading are involved principally in the
activities of bed management and the management of ward staffing. Figure
2.2 showed the prevalence of the nurses’ station as the location where these
tasks were performed. There is a clear and understandable requirement for
such tasks to be performed in a central location. Two types of documentation
were extensively used in this area: the ward plan and ward diary. These act
as physical data stores and were heavily involved not only in ward
administration, but in most ward activities in one way or another. Their
inclusion here is primarily to relate them to administrative tasks.
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2.5.2.1 Role of the ward plan and ward diary

The heavy use that was made of the ward plan is indicative of a strong
positional sense in identification of and reference to the patients. This could
form the basis of a central part of the human-computer interface at least as
far as patient identification is concerned. Recognition of this is shown by the
work of Morris and Cooper (1991) and Frascina (1990) in which the ward as
a geographical entity acts as the outermost layer of the interface between the
user and the patient information. Ward plans and ward diaries are so
widespread, often created by individual wards, that a strong need for a
flexible form of recording and retrieving information to assist in day to day
running of the ward is indicated. Essentially, the ward plan reflects the bed
state. On the other hand, the ward diary provides a means of communication
between the ward staff, particularly across time, though the potential
improvements in communication between the wards and other parts of the
hospital, such as ordering an ambulance directly using a network terminal,
might obviate the need for a diary entry.

2.5.2.2 Bed management

Bed management particularly relates to the nurse in charge.
Information should be readily accessible for decision making regarding bed
moves, bed state, and patient dependency (whether by formal or informal
measures). Such decision making is a prime concern of the nurse in charge.
Thus a central repository of relevant information is required which the
responsible personnel can use as appropriate. This information must be up to

date and accurate, implying that data entered into it must be frequent and
validated.

2.5.2.3 Ward staffing

The benefit of automatic generation of PCH data is indicated by the
fact that completing PCH charts took nearly as long as writing out the care
plans from which the charts were derived (5% active time writing care plans,
4% completing PCH charts).

2.5.3 Drug Administration

The administration of drugs and the information handling associated
involves much co-operation between individuals. Doctors prescribe drugs,
nurses administer them and report back to other nurses or the doctors about
the subsequent progress of the patient. Suggestions about frequency, dosage,
route, form and type of medication by the nurses to the doctors were all
observed. In addition, the need for multiple access to drug data, and the need
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for portability of these data indicate particular requirements for the drug
component of the ward computer system.

It can be considered that this component comprises two parts, each
with implications for the interface requirements:

+ Stock control and maintenance: This would entail linking the usage of
drugs on the ward directly with the pharmacy stock system, allowing for
stock drugs to be re-ordered as they were used, and would favour a central
point for order entry.

* Recording drug administration: This is the function currently met by the
drug card. Portability and multiple access would be very important criteria,
as would that of security in the context of the signatures that are currently
used on the drug card.

These two components should appear to be seamless, in that the
action of giving drugs should both maintain a record and generate the data
required for stock control. In the current system, the nurses are not
concerned with this latter job; there is no reason why they should want to
take on this responsibility directly.

A rather more difficult problem would be maintaining the flexibility of
the current paper system whilst seeking ways of easing the administrative
load mvolved in record keeping. A paperless record is entirely possible,
though the convenience of bedside documents, which provide the flexibility
of the current system, would be lost. However, we may question why the
drug cards are at the bedside at all. As far as the nurses are concerned, this is
a convenient place to put them - they are frequently removed to be used, for
example, at the drug trolley. Indeed, they have been seen to be kept at the
drug trolley for several hours.

The issue of security is a vital one in drug administration, and is
discussed very briefly along with the requirements of the House Staff in
section 2.6.4.

2.5.4 Patient notes

The essence of the tasks in this area is the maintenance of the most
appropriate type and level of nursing care. Thus after completion of the
admission sheets, the tasks are concerned with planning care according to
the patient's needs, evaluating and re-adjusting the care as necessary, and
communicating with other ward staff, particularly at changeover, to ensure
continuity of care.
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There is a natural relationship between several of the tasks in this
area. The observed practice of writing the progress notes at the bedside with
reference to the care plans demonstrates this. The implication here is that
these tasks could be carried out using portable devices to produce care plans
and maintain the nursing record. This is making the assumption that
computerisation of these functions is in itself desirable. The benefit of
computerised care planning for nursing management is not questioned here.
Seen from the point of view of the nurses, the situation is not so clear cut. By
integrating computerised care plans into patient care more fully, they might
be more readily accepted. Thus production of care plans, maintenance of the
progress notes, and the production of patient summaries should be part of a
unified system. Patient summaries would form the basis of the nurse's
personal notes that are used so extensively. The widespread use of personal
notes is indicative of a need to have immediate access to a flexible, easily
read and updatable information store about the patients in the nurses' care. A
computer system should be able to augment this aspect of the nurse's job.
Hendrickson and Kowvner (1990) report that computer generated patient
information distributed to the staff at shift change produced time savings in
one US hospital where this was investigated. However, time savings alone
are not the only criterion for approving a system. The generation of
summaries from a central record would ensure accuracy and consistency
between nurses. Also incorporated into this record should be patient specific
data held in such places as the ward diary.

What is proposed is a nurses' patient record that can be worked on
wherever necessary, but is seen to have a focus at the nurses' station, just as
now the nurses work with a disparate set of documentation all of which
ultimately resides at one place. The detailed requirements specification for
this would need considerable further work.

2.5.5 Communications

It seems entirely desirable to automate as many communication tasks
as possible, thus firstly removing from the ward staff a source of frequent
interruptions to the flow of the ward activity, and secondly reducing the
burden of tasks needed to obtain required services and information. The
main consideration is with the degree of control over the communication,
and over what is communicated. It is appropriate that the normal activity of
the ward should itself generate the necessary calls to outside agencies, but
there is a question about how much the ward staff would desire control over
this communication. For example, as a patient is made ready for theatre, so
recording this on a ward workstation might generate a call to the porters to
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come to the ward at the allotted time, thus taking this task out of the control
of the nurses. The design of the interface must take such factors into
consideration. An illustration of the perceived need to control the
information flowing out of the ward was seen during an observation episode
when a patient died. Admissions 'should' have been informed of this because
a bed had become available. Admissions were not in fact informed until the
numerous protocols following a death on the ward had been completed, thus
avoiding the complications of a new patient arriving without the bed being
available.

The issue of the need for control does not enter into certain aspects of
communication. Essential data such as laboratory results should be made
available as soon as possible. It is worth noting that 20% of observed
communications were concerned with the request for data from or the supply
of data to the ward. Networking such data would be of benefit both in terms
of its usefulness in patient care, and for time saved and disruption avoided.

2.6 Discussion: medical staff
As in the previous section, a task by task view is taken for a

consideration of the requirements for the potential system and its interface to
the ward staff.

2.6.1 Investigations

Requests for investigations are made frequently and involve data that
is frequently repeated, and consists of a fairly limited set of possibilities. A
small time saving per request would result in quite large overall savings.
Likewise, the reliable availability of results would usually save little time per
request, but there would be a great accumulation of savings. The benefit
from the appropriate application of IT to many such small tasks would be
multiplied considerably because of the volume of work and the frequency
with which the doctor performs these tasks. '

2.6.2 Medical notes

Little enthusiasm was shown for any ideas concerning computerisation
of this part of the doctor's job. A medical history follows conventions that all
doctors understand, and has its own codes and constructs. The lack of
enthusiasm could well be due to a lack of awareness of the enabling qualities
of computer technology, and to experience of poor systems. Kjerulff e al
(1989), reporting on the attitude of physicians to computer systems, indicate
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favour for systems that assist in medical record keeping, and that the degree
of acceptance is positively correlated to the degree of computer experience.

A computerised system for medical record keeping must be seen to
provide benefits for the House Staff. The benefits of the current system are
the portability of the notes, which can be taken to the patient or not, and
their open nature, in that the doctor can enter free text as well as using the
conventional medical syntax. An appropriate computerised system must
augment this or not be used at all. It must do more than just save time, but
also provide support for decision making, using the various sources of data
as mput. Computerisation of the medical record is a major concern of
medical informatics, and its consideration is beyond the scope of this work
(see McDonald and Barnett (1990) for a summary).

2.6.3 Consultations

The essence of this task area is contact with the patient. There is a
powerful association between the patient and their bedside notes, and the
House Staff use this to focus on the patient during consultations. In simple
situations this is less pronounced, such as with a patient who is making a
good recovery after an operation, but in the investigative environment of the
medical ward, the concentration of data in one place is a clearly
advantageous. The exact location of this concentration of data need not be
the bedside. A computer system could provide a greater concentration of
data to help in decision making. The results of investigations could be
integrated into a whole patient record along with the results of patient
monitoring. Appropriate visual cues could be provided in the form of a ward
plan and a patient photograph (see Morris and Cooper, 1991). In addition,
location of a terminal in the wvicinity of the patient would enable the
electronic record to be treated as though it were portable, implemented using
portable devices or distributed static workstations.

2.6.4 Drugs

Although the requirements for the House Staff do not differ greatly in
this respect from those outlined for the nurses in section 2.5.3, additional
requirements can be identified:

+ Decision support would be desirable. The House Officer should be
notified if adverse combinations of drugs are prescribed.

+ Indication should be given if a run of medication were exceeding a pre-
determined length of time.
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» Central access to a list of the drugs any one patient is taking is considered
to be advantageous.

* Prescriptions for discharged patients should be generated in pharmacy
from the current drug card, subject to the control of the House Officer.

Providing security by means of a signature is an important part of drug
prescription and administration. This will not be considered in depth here: it
is a major area of concern in healthcare computing (e.g. Barber, 1993).
Solutions to the signature problem do exist, notably by the use of bar-coded
identity cards at one pilot HISS site (Kings Mill Hospital, Central Notts
Health Authority).

2.7 Outline specification of requirements

The requirements for the ward human-computer interface can be seen
at various levels. This chapter has concentrated partly on the desirability,
from the perspective of the ward staff, of computerising the ward activities.
In theory at least, most information based ward activities could be
computerised in some way. With such a wide potential, it is important to
assess the possible benefits or otherwise of computerisation. A first set of
recommendations can be drawn assuming a base level of computerisation,
that 1s providing an interface between the ward users and existing remote
computer systems. A second set of recommendations can be stated assuming
a greater degree of interaction and more extensive computerisation.

2.7.1 Requirements at the base level

Given that the existing computer systems are based in various
laboratories, pharmacy and other external and administrative departments,
then the interface requirements that a ward system should meet are:

* to give an overall view of the patients as they are located in the ward.

+ to allow staff to record quickly and accurately changes in the state of the
ward.

* to be able to include patient care information with each patient record, in
the form of care plans, discharge arrangements, special requirements and
SO on.

* to automate the transfer of administrative data from the ward to
administrative departments and vice versa.

* to automate drug ordering and stock taking, whilst allowing multiple
access for dispensation of drugs by ward staff.
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+ to provide patient summaries which aid in the continuity of care.

+ to automate the communication of data between the ward and other
departments, under the control of the ward as is necessary.

+ to provide links to laboratories and other service departments to automate
the requesting of services and retrieval of results and reports.

Given the probable complex functionality of this interface, and the low
level of computer experience of the ward staff, further general requirements
are:

+ the computer system should present tasks in a manner that is intuitive to
the ward personnel, and which reflects current practices.

» using the system should require little learning and should be easily
remembered.

+ the interface should be designed to minimise the possibility of errors.

+ the interface should give a high level of user satisfaction.

2.7.2 Requirements at the higher level

The implementation of the requirements listed above would not
require a great change in working practices. A further set of requirements
can be specified, which would entail greater changes in established
practices, and would also envisage a greater level of sophistication in the
human-computer interface. These might include:

+ a computerised means of taking a medical history, incorporating data
from the various computer and paper based sources.

* decision support for the administration of drugs and investigations,
possibly based on an expert system component in the interface.

* incorporation of patient monitoring data into the electronic record.

2.7.3 Areas for further investigation

Two of the aims of the study outlined in section 2.1 were concerned
with the identification of areas for further work. In order for the continuation
work to be feasible within the constraints of the project, certain criteria
needed to be met for the selection of a suitable task area:

+ The task area should present a problem appropriate to the application of
user-centred methods.

» The problem should be well defined in order to maximise the use of the
available time and resources.
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 The task area should be capable of accommodating a prototype for use
in real work conditions.

» The task area should not currently contain a computer system, so that a
prototype would be used without prejudice.

Suitable areas for further investigation were the ward administration,
drug administration, the maintenance of the doctors' medical notes, and
communications with the pathology laboratories. Of these, the latter two best
concurred with the overall project requirement to investigate the integration
of hospital information systems. It was decided, on the basis that it was the
smaller, and in the eyes of the medical staff the more pressing problem area,
to concentrate the rest of the work on communications with the pathology
laboratories.

2.8 Conclusion

The work of doctors and nurses involves the use of information in a
wide variety of forms, in a manner intricately linked with the patient care
duties that form their primary concern. This chapter has sought to identify
the role of information in the hospital ward taken from the perspective of
those who use and generate it, and has resulted in a better understanding of
the environment into which a potential computer system will be introduced.
Finally, it has established areas for deeper analysis, with a view to furthering
the investigation into the applicability of user-centred methods.
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Chapter 3

Interface requirements capture through task analysis

3.1 Introduction

The preliminary study of the problem domain has set the scene for the
detailed investigation that now follows. In this chapter, a justification will be
given for the application of task analysis as a means of capturing the
interface requirements for a prototype system to be used in this domain. The
detailed methodology employed will then be discussed, and the outcome of
the application of the task analysis will be described, culminating in a set of
user interface requirements.

3.2 The use of task analysis in interface design
For many years, task analysis has been seen as a very important
element in the collection of techniques employed by HCI practitioners. This

belief in the role of task analysis is most strongly expressed by Diaper
(1989):

"...task analysis is potentially the most powerful method
available to those working in HCI and has applications at all
stages of system development, from early requirements
specification through to final system evaluation."

Despite Diaper's unequivocal statement of high expectations, the
supposed potential of task analysis in interface design is yet to be fully
exploited. Task analysis is criticised as being "...confissing, often not done,
or not done well" (Anderson, 1990), and the benefits of producing task
models for designing user interfaces are seen as "largely speculative” (Kelly
and Colgan, 1992). However, the particular setting of the project, comprising
a number of well established and cognitively complex tasks, involving a
population possessing very expert domain knowledge, and with an explicit
need for highly usable systems, gives the opportunity to test whether or not
task analysis can indeed contribute to the design of usable systems, and in

doing so test to what extent Diaper's assertion can be justified in a real world
situation.
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3.2.1 A rationale for the application of task analysis

When people use computers, their intention is to carry out tasks more
effectively, or to carry out tasks that were not possible before. The tasks that
are performed on the ward are therefore of prime relevance to the developers
of the new system. There are several roles that task analysis can play in the

design of interactive computer systems. These are summarised by Johnson
(1992) as follows:

1) As a means of producing a requirements specification: the analysis should
be able to identify the structure and content of the task activities, and can
constrain the design of the computer system such that it supports and
minimises the effort to perform those tasks without adding superfluous task
requirements.

1) As a means of providing an idealised, normative model of the tasks that
the computer system should support in the given domain. A task model is a
hypothesis of how a task is or might be carried out. This can be used as an
input to the process of designing a new task using the computer system.

ii1) To provide a set of benchmark tests against which the computer system
design can be evaluated. Once there is a complete description of the user
tasks, behavioural data from user trials of the system can be interpreted
against the normative description of behaviour from the task analysis.

An important aim of task analysis techniques is to gain an
understanding of the knowledge that people possess and employ during task
execution, to the extent that this knowledge can be described and
represented in a consistent form. It is this form of representation that can be
subjected to analysis and modelling. The various properties of the user's task
knowledge can subsequently be identified, although different task analysis
methodologies emphasise different aspects of knowledge.

A consequence of gaining an understanding of the knowledge
employed in performing a task is that, provided this knowledge is carried
over into the computer system derived from the task analysis, the new task
will be easier to learn and remember. Such a transfer of knowledge from the
old task to the new 1s a fundamental theme that runs through HCI, and its
importance has been demonstrated by Pollock (1988) in the transfer of skills
when changing from one word processor to another.

Clearly, such task knowledge should be taken into account during the
design and development of the software that is to be used by the ward staff.
Current task analysis techniques have been researched and developed in the
academic community; the work reported here seeks to apply some of these
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techniques in a very real and complex work environment. The potential
benefits of such work will be reflected in the acceptance and usefulness of
the system to which the work is applied.

3.2.2 Background to task analysis methods

Task analysis is rooted in post-war research into training and
retraining. The motivation for these early developments lay both in the need
to train military conscripts in the use of new weapons and weapon systems,
and later in the economics of the post-war job market, in which skill
shortages and retraining for new jobs had become significant factors.
Descriptions of early task analyses (Miller, 1962) included examples
concerning the piloting of bomber aircraft. The use of such example tasks
reflects the concerns of task analysis at the time, with its concentration on
the task performer's perceptual, motor and problem solving abilities, all
important in the use of complex machinery. The approach characterised in
Miller's work made much use of measuring performance in psychometric
terms, and sought to match people who possessed the required abilities to
the task that needed to be done. An important limitation of these approaches
was that they were constrained by their concern with the analysis of
physical, rather than cognitive tasks.

An emphasis on training for tasks rather than matching people to tasks
gave rise to Hierarchical Task Analysis, or HTA (Annett et al, 1971). This
has the advantage of using as its input the observation of people actually
performing tasks, and has been successful in identifying where training is
needed is such areas as fault finding and process control. However, HTA is a
general task analysis method that, even its adherents concede, fails to
provide a suitable basis for interface design (Stammers and Astley, 1987). Its
use in HCI is promoted by Shepherd (1989), but here the emphasis is still
with training. Shepherd gives examples of its application for the production
of a user manual, and in familiarisation with a new visual display. There
have been attempts to extend HTA in specific situations, for example by
Philips et al (1988), in the identification of requirements for air traffic
control systems. One of their aims was the validation of the analysis by close
involvement of the users, and their selection of HTA reflects an important
advantage of the technique, in that its representation is quite easily
understood by non-specialists. This simplicity of representation, however,
has a drawback in that it diminishes its analytical and abstractive powers.

A major impetus to the development of task analysis methods has
come with the increase in the use of computers in the last decade. It was
recognised that users' conceptual skills and knowledge needed to be
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understood in order to design computer systems that adequately automated
their tasks, rather than the perceptual motor skills that concerned early task
analysts. The discussion will now go on to consider the variety of
approaches to task analysis, and their appropriateness to the problem area
under consideration here.

3.2.3 Selection of a task analysis method

In the process of establishing which approach to take in applying task
analysis, it is of paramount importance to recognise the purpose of the
analysis. It is the first of the roles of task analysis that were described in the
previous section that provides the principal purpose for its application in the
context of this research: in order to obtain the basis for a design, the
structure and content of one of the ward activities described in Chapter 2
needs to be identified. Thus, the most appropriate task analysis method
would be the one that would most facilitate this identification. The selection
of the task analysis method to be used in the project would largely depend
on this general criterion.

In recent years, there has emerged a multitude of different forms of
task analysis directed at the description of human interaction with
computers, or with obtaining requirements for such interaction. These vary
greatly in their scope, complexity, granularity and usefulness. At one
extreme lie the methodologies which view users and their tasks from the
social/organisational standpoint, such as ETHICS (Mumford, 1983), Open
System Task Analysis (reported in Eason, 1989), and User Skills Task
Match (Fowler ef al, 1988). These acknowledge the importance of users in
information systems, and are primarily participative methods aimed at
helping users identify desirable qualities in future systems. The level of
analysis offered is too coarse grained to be effective in revealing the kind of
task information sought here, and such methods do not usually feature under
the heading of task analysis applied to interface design. At the other extreme
lies the Keystroke Level Model, (Card, Moran and Newell, 1980) which is
aimed at predicting performance of expert users carrying out given tasks
with a proposed interface. This type of analysis is too fine grained to reveal
high level task structures, and more importantly is only of use once a
computerised system of some kind is already in place, or there is already a
detailed design that can be used as a basis for predictive modelling. In
between these two extremes are the task analysis methods which are aimed
at giving an understanding of knowledge intensive tasks: these are the

methods considered as potentially the most relevant to the requirements of
the project.
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There have been several different attempts to establish criteria upon
which to base the selection of a task analysis method. Bellotti (1990) offers a
set of matrices for assessing the applicability of HCI techniques. However,
as with many of the techniques it aims to assess, in many ways Bellotti's
framework lacks the clear definition that would enable it to be put into
practice. Often cited is the review by Wilson et al (1988), who compare
eleven knowledge-based task analyses, using four characteristics of the
techniques:

1) The type of knowledge represented, for example, ideal as against non-
ideal knowledge.

1)) The extent to which the dynamics of tasks are expressed, such as the
effects of the performer's goals and intentions.

iii) The degree to which they specify cognitive limitations on the
performance of the task.

iv) The practicality of their use.

Furthermore, the authors group the techniques into four blocks, depending
on the intended target area of the analysis. These are:

» The knowledge content of real world tasks.

« The prediction of difficulties from a given interface specification.
» Users' conceptual structures.

» Users' cognitive activities.

Whitefield et al (1991a) comment that comparison of techniques alone
is not enough when making a suitable selection. They suggest a different set
of criteria for the assessment of task analyses based on the effectiveness of
three of their aspects, namely:

1) That of the task analysis product, i.e. the representation of the task that
the analysis generates.

i) That of the notations employed in the analysis, with respect to its
completeness, coherence, and suitability for the analyst.

iii)That of the procedures by which the method is carried out, with respect to
the same sub-criteria as above.

The subdivisions of the general criteria allow quite a detailed assessment of
a proposed task analysis. The advantage of this scheme is that the criteria
have a greater degree of practical applicability, although it lacks the more
absolute measures employed by Wilson et al.
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A starting point for the selection was taken from the groupings given
by Wilson et al regarding the intended target area of the analysis. The group
including External-Internal Task Mapping Analysis (Moran, 1983), the Task
Action Grammar (Payne and Green, 1986), and the GOMS models (Card et
al 1983) were rejected as inappropriate because they depend on a existing
specification or a computer system for their application. Also rejected on this
basis, although not grouped in the same review, was the Cognitive
Complexity Theory of Kieras and Polson (1985). By contrast, the group
which most matched the needs of the project was that which comprised the
techniques aimed at the analysis of the knowledge content of real world
tasks. Of those reviewed by Wilson et al, Task Analysis for Knowledge
Descriptions, or TAKD (Johnson et al, 1984; Diaper and Johnson, 1989),
and the Command Language Grammar, or CLG (Moran, 1983), along with
Knowledge Analysis of Tasks, or KAT (Johnson and Johnson, 1991) met the
requirement of being targeted at the analysis of real world knowledge based
tasks.

A choice between these techniques could be made by transferring to
the criteria proposed by Whitefield et al. CLG was rejected on the basis
that, whilst it is strong with respect to its notational support, it would pose
problems with respect to its usefulness for system development. A study of
CLG (Sharratt, 1987) revealed that designers found it difficult to use its
'‘product' (i.e. the outputs of the method) and its use did not lead to better
designs. Such difficulty with its use ranks the method poorly against the
effectiveness criteria set out above particularly with respect to its suitability
for the analyst.

The choice between TAKD and KAT was made chiefly on the
grounds of how suitable the method would be for the analyst. There are
many similarities between the two, which is partly a consequence of the fact
that KAT has been developed from TAKD. The former has a greater level of
sophistication, and much work has been done to give it a theoretical
foundation (see Johnson, 1992). However, TAKD has the greater maturity,
with several reportedly successful applications (Diaper, 1990; Johnson,
1985; Warren, 1993). Whilst examples of the application of KAT are also
available (Johnson and Nicolosi, 1990; Johnson, 1989; Wilson et al, 1992),
at the time that the decision was made, TAKD was the better documented
method (Diaper, 1989b). It also has the clearer notational support, and is
procedurally very complete and coherent. A final and crucial element in the
decision to apply TAKD as the analytical technique was the availability of
software support.
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It is acknowledged that the usability, and thus the wider acceptance,
of task analysis techniques would be improved by the availability of
dedicated software tools (Johnson and Johnson, 1989). Although Johnson's
group has proceeded in the direction of developing a sophisticated user
interface development environment (Markopoulos et al, 1992), their work
does not offer the direct support for task analysis given by the smaller scale
Liverpool University TAKD (LUTAKD) toolkit (Diaper, 1991a). Given that
one of the project aims was to identify possible approaches that might be
generally adopted for analysis in the ward environment, then it was felt to be
more appropriate to use a method, with any associated software support, that
might have continued applicability in the hospital setting. The conclusion of
the selection process was, therefore, that TAKD, with the use of the
LUTAKD toolkit, should be utilised.

3.3 Outline of TAKD

It is not necessary to give a full account of TAKD, as this is amply
covered by Diaper (1989b), and to a lesser extent by Dix et al (1993), while
its theoretical basis is explained in Diaper and Johnson (1989). However, an
outline of the methods and notations used is essential for reference in this
work.

3.3.1 The basis of TAKD

The TAKD method uses a modified framework for HCI activities
devised by Long (1986; 1989). Long's aim in devising a framework was "fo
develop implementable specifications of human-computer interactions for a
desired performance of work". The framework (Fig 3.1) contrasts the real
world of everyday objects and experiences with the representational world;
the representational world aims to facilitate the understanding and change of
the real world. Intermediary representations are used to mediate between
these two worlds. In HCI, there are transformational activities concerned
with acquiring knowledge about users and their tasks, and also with the
application of knowledge to design. Thus, from an analysis, we may, via an
intermediary representation, generalise about the real world and add to our
understanding of it (i.e. producing a science representation). From this
understanding, we might 'particularise’ our understanding to produce a
prototype system, which is the ‘application representation' in the model.
Following on from an iterative process of refinement, or 'synthesis', we will
bring this application representation closer to the real world and complete
the set of transformations, thereby fulfilling the aims of the framework.
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Figure 3.1 A model of HCI science support (after Long, 1989)

TAKD provides a means of generating acquisition representations that can
be used as a basis for the generation of application representations,
providing a mapping between the real world tasks of people and the (initially
prototype) computer system.

The TAKD method produces a set of application representations at
increasing levels of generality, until all the aspects of the task (that have
been subjected to the analysis) are re-described in a common format, or
grammar (described more fully in the next section). This achieved, the
totality of these grammars may be subjected to analysis and interrogation. In
addition, the process by which they are generated is itself productive: it
involves a great degree of interpretation and analysis of the observed
behaviours in terms of the actions performed and the objects acted upon.

3.3.2 The TAKD method

The principal stages in TAKD are now described. [See Diaper, 1991a;
Diaper, 1991b and Addison and Diaper, (1990) for a detailed guide and
heuristics on the use of the method] Although what follows suggests a linear
progression through the method, in fact a great degree of iteration occurs.
The completion of a particular stage may prompt the analyst to re-visit a
previous stage, with a consequent review of the analysis.

3.3.2.1 Data collection

Whilst the method used to collect the data used in the analysis is not
prescribed in TAKD, the quality of the data collected is of primary
importance to its validity and success. TAKD is aimed at the analysis of real
world tasks, and a variety of techniques may be employed for the analyst to

49



glean task information upon which to base the analysis. Clearly, the
approach that is taken in the data collection will impinge on the reliability
and nature of the findings. Diaper (1989a), argues for the use of task
observation as the principal data gathering method, although he warns of the
many problems associated with inappropriately planned and executed
observations. Two prominent problems are:

1) The behaviour of the subject is altered by the presence of the observer.
This is inescapable, although the effect can be reduced by appropriately
planned observations, and by reducing the intrusiveness of the observer to
the minimum possible.

i1) Observations on a task performed in an artificial setting will have less
validity than those performed in the work setting. The fidelity of the
observations is diminished the more the observed task is removed from its
original setting (which can be defined in more than simply locational terms,
as described by Stammers (1989)).

There are alternatives to observation, which mainly involve verbal or
written protocols. These are suitable for situations in which, to cite
Bainbridge (1990), the outcome of thinking does not emerge in observable
action. However, the task that was selected for analysis had clearly
observable outputs (see the next chapter). Furthermore, it can be argued that
verbal protocols are unreliable because people have difficulties articulating
how they perform their tasks. An expert's performance of the individual steps
of a task forms part of a co-ordinated whole, which is controlled at the
cerebellar level. The act of articulating each step as it is performed requires
cerebral control and actually impedes the performance of the task. (Try to
walk while describing in detail each movement of the legs to illustrate this
effect). Because of such factors, TAKD strongly encourages the observation
of expert workers performing real tasks, with minimal intrusion from the
observer. Video-recording is the preferred method, but this is not considered
essential. Additionally, it was not deemed either appropriate or ethically
desirable on the part of the hospital authorities to use a video camera in the
proximity of patients.

Whilst observations constitute all of the data input to the analysis
itself, the context for its application is gleaned from supplementary data
collections and observations. This is an exercise in knowledge acquisition
and involves the use of techniques shared by designers of expert systems.
Rather than expand on these here, reference is given to full accounts of
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knowledge elicitation by Cordingley (1989), and Shadbolt and Burton
(1990).

3.3.2.2 Construction of the activity list

From the recording (video or otherwise) of observed behaviours, a list
is produced comprising individual task steps, essentially comprising a task
protocol. Here, subjective judgements have to be made about the granularity
of the analysis. These judgements are made in the light of the purpose of the
analysis, and the understanding of the task environment that the analyst has
accrued. Each line of the activity list must contain an action and an object
acted upon, and may include the duration of the step, or specific values
associated with the step, or even the analyst's comments.

[The LUTAKD software provides a word processor for this part of
the method, although it is basic, and in practice a more sophisticated one
may be used.]

3.3.2.4 Selection of specific actions and specific objects

One action is selected in each line of the activity list, along with its
associated object. The object may be physical, but in most applications of
TAKD, it is likely to be informational, i.e. an item of data. The output of this
stage is two lists, one for the complete set of specific actions, and likewise
for the specific objects.

[Although the LUTAKD toolkit includes a dedicated specific action
and object selector that allows line by line selection, in practice it is
possible, and far easier, to place these in brackets as the activity list is
written, provided that decisions about the selections have already been
made.]

3.3.2.5 Construction of the Task Descriptive Hierarchy (TDH)

This i1s the principal analytical stage of TAKD. All available
knowledge about the tasks is drawn upon to build a hierarchy of general
(generic) and specific actions and objects. The hierarchy is begun with
several high level generic actions, placed under a topmost, dummy node.
Nodes are added to build a description of the task in terms of these actions
and objects. Higher nodes are more generic, and therefore more important,
than specific ones. Objects tend to appear at the lower end of the hierarchy.
This top-down task decomposition is done in conjunction with a bottom up
analysis, in that the final part of the TDH construction is the addition of the
specific objects to the lowermost nodes. Thus, as the TDH is built, attention
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has to be given to the specific objects, all of which must eventually be
attached.

Decisions about the importance of different aspects of the task are
reflected in the naming and vertical positioning of the nodes. Many
subjective decisions need to be made for this. It is the construction of the
TDH that forces the analyst into thinking about the tasks both in general and
in detail, and into looking for underlying structure. The importance of the
analyst's understanding of the task environment is vital for this, as are the
quality of the data collection and explicitness of the activity list.

[Here, the software is extremely supportive. The TDH editor tool
allows construction and easy manipulation of the TDH. Moving, copying
and renaming nodes is trivial, freeing the analyst to experiment with and
assess different TDHSs, concentrating on the analytical process rather than
being handicapped by what would otherwise be a laborious paper or word
processing exercise.|

3.3.2.6 Generation of the Knowledge Representation Grammar

The TDH is re described in the form of a Knowledge Representation
Grammar (KRG). Each different path through the hierarchy results in a
different KRG sentence, and the node names become the 'words' in the
sentence. Owing to the fact that each line of the activity list has one specific
object, and that specific objects lie at the bottom of the TDH, it means that
the activity list is re-written in the form of KRG sentences, i.e. the path to
each specific object is described in terms of the nodes above it.

Low level detail about the task, which is described at the bottom of
the TDH, is removed by the process of 'generification’. In this, low level
nodes are deleted from the TDH, giving a more general view of the task.
Depending on which part of the task is of interest, generification can be
carried out at different levels in different parts of the TDH. The output of this
process is a number of generic KRG sentences. High level generic KRG
sentences are considered to be more important than lower level ones,
because they reflect the importance decisions that were taken in the
construction of the TDH.

[Generation of the KRGs would be an arduous and error prone
exercise by hand, but is fully automated by the software tool. The analyst is

presented with a complete set of KRG sentences at every level of
generality.]
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3.3.2.7 Generation of the Task Sequence Representation

Temporally related sequences of activity list lines can be blocked
together so that a task sequence representation, the Sequence Representation
Grammar (SRG) may be generated. This gives sequences of KRG sentences
between blocks, so that temporal relationships between KRG sentences may
be uncovered.

[Although LUTAKD makes SRG generation very simple, the output
was so vast that it was considered too unwieldy, giving every sequence of

every KRG, at every level of generality, resulting in an unmanageable set of
data.]

3.4 The application of TAKD to an area of ward activity.
This section reports on the findings arising from the application of
TAKD in two hospital wards, one at the Northern General Hospital (NGH),
and the other at the Royal Hallamshire Hospital (RHH), Sheffield. Following
on from the introductory work reported on in Chapter 2, it was decided that
a detailed analysis should be conducted into one functional area in both
hospitals. The area selected was the ordering of investigations and retrieval
of results from the Haematology and Clinical Chemistry departments. Data
were collected for both ordering and result reading, although only the former
function was subjected to detailed analysis. It is critical to the achievement
of a successful analysis that both its scope and aim are defined beforehand.
The aim of the analysis was to gain sufficient understanding of the tasks
concerned in order to derive a design specification for a clinicians' interface
to an ordering system for haematology and clinical chemistry tests. The
scope of the analysis proper was restricted to the filling in of request forms.

3.4.1 The problem area

Doctors working on the wards, usually House Officers and Senior
House Officers, request investigations from the pathology laboratories.
Request forms are required to contain various demographic details about the
patient, identification of the consultant, the names of the ward and the
requesting doctor, and test specific data including required investigation,
specimen, and clinical details relating to the case so that the laboratories can
make an informed interpretation of the test results.

Laboratory staff direct forms and specimens to the appropriate section
for the tests to be performed. Here the results are screened by various
automated and manual means. Anomalous results and those of less common
tests are interpreted in the light of the clinical details which have been
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reported. Other data is taken into account in this process, such as the age,
sex and location of the patient, e.g. maternity ward. The problem area to be
addressed by the design is described in Table 3.1 below.

Doctors Laboratory staff

Time consuming task. Reception and other laboratory staff spend much
Highly repetitive data entry. time telephoning ward for missing details.
Low skill requirement for majority of task. Results may not go back to correct ward/doctor
Highly specialised knowledge needed for because of inaccurate details on form.
selection of tests and inclusion of pertinent Tests destined for different labs are entered on
clinical details. the same form, so time is spent making
Clinical details perceived as extraneous to the duplicates of request forms.

request - they are for the laboratories' use. Clinical details may be absent, excessive or
Several forms have to be completed for many irrelevant.

transactions because of the 1ab organisation.

Table 3.1 The problem area

3.4.2 Methods

The methods used consisted of several stages. There was a period of
data collection that led to the definition of the problem area given above. The
latter part of the data collection was used to gather observational data that
was input to the analysis proper. Finally, the LUTAKD software was utilised
in order to perform TAKD itself, resulting in the production of a set of
outputs from which the interface requirements were drawn.

3.4.2.1 Data collection

The data were collected over a two month period, involving four
Jjunior doctors and twelve laboratory staff. All of these personnel were
interviewed, while the doctors were observed completing seventy seven
request forms. A variety of approaches was used in the collection of data,
varying according to the stage in the knowledge acquisition process, and also
to the type of data sought.

The methods were, in chronological order:
1) Semi structured interviews with doctors about the process of request form
filling, conducted at the beginning of the data collection. Four junior house
officers were interviewed, two from a surgical ward at the Royal
Hallamshire Hospital, and two from a general medical ward at the Northern
General Hospital.
1) Informal interviews with a range of staff from twelve laboratories,
concentrating on the use of the data on the request forms, and based on the
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'life history' of a request form and the information contained; the knowledge
elicited in this process was essential to put the task analysis into context. It
was fundamental to the underlying theme of the research, i.e. the integration
of hospital information systems: the effects of one system on the other
needed to be exposed - the analysis of the doctors' tasks would be
meaningless in isolation of the effects of those tasks on other systems.

iii) Direct observation of form filling in situ, with the recording of the text
entered and sequence of data entry on the forms; all observations were made
on doctors whilst actually working and recorded on duplicate forms. Fifty
two forms were recorded in a general medical ward in the NGH, and twenty
five in a specialist surgical ward at the RHH. The personnel involved-were
those doctors who took part in the interviews, and data were collected over a
two week period. Data that were not specific to the investigations being
requested were recorded in a general sense (for example, patient name,
doctor name, date). Other data were recorded verbatim (for example, the
clinical details and the actual investigations requested).

Additional experience was gained during the 'familiarisation' period of
general observations that led to the definition of the scope of the analysis,
providing essential domain knowledge.

3.4.2.2 Application of TAKD stages
1) Activity list construction:

The data recorded on the request forms, interpreted in the light of the
interview transcripts, were used to produce a list of the activities constituting
the task of requesting a test (see Appendix Al.1). Each form recorded was
treated as a different instance of the task, so the activity list comprised
separate descriptions of each form completed.
i1) Selection of specific actions and objects

In each line of the activity list, the objects being acted upon were
selected. It was decided that in this task, specific actions were of no interest,
as only two actions were involved, namely writing text or sticking on labels.
ii1) Construction of the Task Descriptive Hierarchy (TDH) and Analysis of

Knowledge Representation Grammars (KRGs)

It was decided that separate analyses should be run through for the two
different hospitals. The same TDH, with minor modifications, was used
because of the inherent similarity in structure between the task of form filling
in the two wards. However, there were sufficient differences to merit
separation of the data input to the analysis: the frequencies of particular
generic KRG sentences were seen to differ between the wards, and merging
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the activity lists would have resulted in the loss of detail in the outputs.
Nevertheless, in the results section below, most are presented in combined
form, and only where differences between the wards merit it are the
distinctions shown.

3.4.3 Results

TAKD produces outputs of two distinct but equally valuable kinds.
Firstly, there are the 'formal' outputs, being the Task Descriptive Hierarchy
and Knowledge Representation Grammar sentences [and Sequence
Representation Grammars]. These are tangible, and to varying degrees
measurable. They allow for descriptive reporting of the tasks analysed.
Secondly, there are much less tangible outputs, which derive from the
process of performing the analysis itself. These are insights into the task and
the task environment which become apparent particularly during the
construction of the TDH, and lead to the generation of questions, and to the
evolution of a framework for the analysis and indeed the design itself. This
section reports the findings of the analysis after deliberation of all of the
outputs. It makes reference both to the formal TAKD terminology, and also
shows what the methodology was instrumental in revealing.

After initial experimentation, two TDHs were constructed. The first
focused on the number and type of items recorded on individual request
forms, and will be referred hitherto as the first pass TDH (Appendix 2.1). In
this, three major nodes were identified: state, request, and report. These
corresponded to the actions of marking the request with the identity of the
patient and requesting clinician, requesting a particular service from the
laboratory, and informing the laboratory of the clinical condition of the
patient respectively. The second, or final TDH, (Appendix A2.2) evolved
from the first pass TDH as it became apparent that the first attempt did not
satisfactorily represent the relationship that clearly existed between many of
the forms. The final TDH focused on this relationship, using different
transaction types as high level generic objects. |

The term test here refers to a single investigation ordered by a doctor
to be carried out by a laboratory. The term transaction refers to a doctor
ordering any number of tests for a patient on any one occasion. Activities
refers to individual actions recorded, represented by a single line in the
activity list, such as filling in one field on a form, or one item where several

are entered in a field. It corresponds to the frequencies of KRG sentences, or
combinations of sentences.
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3.4.3.1 Type of data entered

Table 3.2 shows the results of an analysis of the KRGs representing
the entry of different types of data. Results for each ward are given
separately in Table 3.2(a) before the totals for each type of data are shown.
Note that the actual KRG sentences are referred to using a shorthand
notation, so that KRG " 3 refers to what would be KRG "3 using the
notation in Appendix A3. Owing to the fact that the TDH for the surgical
ward was the more simple and shallow hierarchy, a lower level of
generification was sufficient to provide a useful removal of detail for the
analysis (4' for the RHH, but 7' for the NGH).

There was a dichotomy between data that were specific to a particular
investigation, and data that related to the patient in general. Those entries
that were common across request forms could be considered to be non test-
specific entries. They did not vary according to the investigation requested.
Those that differed from form to form could be considered test specific, and
might vary according to the investigation requested. Tables 3.2 (a) and (b)
show the preponderance of general, non-specific data that were entered, in
that two thirds of all the data entries were not specific to an individual test

Doctor details | KRG | Freq | Patient details|] KRG | Freq Dates KRGs Freq
NGH 3 74 NGH T4 122 NGH v 1,4,7,
7 2 "8 5 12,15,37,| 56
711 26 712 50 50,53,56
RHH 3 32 || RHH “4 15 | RHH 1,4,
“6 2 “7 1 8,11,23,| 20
“10 16 “11 18 26,29
Total 152 || Total 211 |l Total ’ 76
Clinical KRG | Freq | Investigations | KRG | Freq | Specimenreqs] KRGs Freq
details
NGH T2 55 | NGH 71 | 105 | NGH 238,13
™6 3 ™5 4 38,51,54 | 39
710 23 9 34
RHH “2 5 | RHH “1 51 RHH 12,5,9,12
9 16 “5 5 18,24,27 19
<8 22
Total 102 | Total 221* | Total 58

Table 3.2(a) KRG analysis for type of data entered

* This total includes KRGs totals for date and specimen entry, which were to be found in lower level

KRG sentences. Thus the total KRG frequency for Investigations was reduced to 87 by the subtraction
of these sub-totals.
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request. During requests that spanned more than one form there was
repetition of the entry of data that was extraneous to the core of the task
itself, other than in its use for identification purposes. Thus the patient and
doctor details, along with the date, were entered more frequently than was
necessary. The use of patient, which included ward and consultant
information, in the RHH reduced the proportion of such entries slightly (to
below 60%) in the surgical ward.

Total KRGs %KRGs  |Overall KRGs | Overall %
Nontest | Patient details 211 31
specific Dates 76 11 439 64
entries Doctor details 152 22
Test Clinical details 102 15
specific Investigations 91 13 251 36
entries Specimen requests 58 8

Table 3.2(b) Type of data entered on request forms, derived from Table 3.2(a).

3.4.3.2 Transactions and types of investigations

Table 3.3 shows that most transactions involved the completion of
more than one form. Thus, given the findings that most data were non test-
specific, there was a major duplication of effort when multiple forms were
completed. When considered in terms of the actual number of data entries
made, it can be seen that three quarters of all data entries were associated
with multiple test ordering. This overhead of non test-specific data entry
constituted the principal time consuming element of ordering tests.
Transactions usually involved the ordering of more than one test, as shown

Forms per patient Transactions Percentage N° KRG sentences |  Percentage
1 23 47 258 37
2 25 51 384 56
4 1 2 49 7

Table 3.3 Transactions and KRGs shown against number of forms per patient

in Table 3.4. A substantial minority involved ordering three or more tests.
The combinations of tests ordered is detailed in Table 3.5.Here it can be

Tests per transaction Transactions Percentage
1 21 43
2 18 37
3 7 14
4 2 4
5 1 2

Table 3.4 Number of tests ordered per transaction

58



seen that the combination of requests for a urea & electrolyte report, (U&E)
and a full blood count (FBC) constituted by far the largest single test
grouping. Such 'routine' tests are carried out on most admissions, with
requests for these tests as single orders also very prevalent. Indeed 88% of
all transactions involved one or both of these investigations, while 22% of
transactions did not involve these tests at all. Not shown in the table are
requests for the specimen required for the test. All requests (except for
haematology in NGH) require this data item. In all but three of the fifty four
forms involved (ie 94%), this was venous blood (VB).

Combination Transactions Percentage
FBC & U&E 17 35
U&E 10 21
FBC only 7 14
Other single 4 8
FBC & U&E with other 8 16
U&E with other 1 2
Other with other 2 4

Table 3.5 Combinations of tests ordered

3.4.3.3 Clinical details

A significant difference was found between the entry of clinical details
between the two wards, reflecting the common view of the difference
between medical and surgical cases. The analysis considered clinical details
from a number of aspects. Table 3.6(a) shows the number of items
comprising the patient condition entered per form. The first pass analysis
separated the current therapy from the patient condition; Tables 3.6(b) and
3.6(c) re-incorporate these data, showing the number of clinical details
entered per form distinguished by type of ward. While the majority of forms
included only one line of information, a large proportion of forms in the
medical ward (44%) registered several items. This in itself indicates that
there was a degree of complexity to the information that was communicated
to the laboratories. For example, in half of the forms where more than one
item was recorded, it was information about current therapy that constituted
the additional data (KRG “6 in the first pass analysis). Evidence for the
supplementary role of reporting the current therapy was re-inforced by the
fact that only once was this data given in the absence of the patient
condition. The relative simplicity of patient care in the surgical ward is
reflected in Table 3.6(c), where it is seen that there was never more than one
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KRG sentences | Frequency | KRG sentences | Frequency || KRG sentences | Frequency
28 18 r24 9 19 1
r29 25 r2s 14 120 6
30 3 26 1 121 3
31 1 r27 1 22 4
32 1 23 1
One detail 48 Two details 25 Three details 15

Table 3.6(a) Patient condition: Number entered per form; KRG analysis, first pass TDH.
Note that this gives KRG sentences for patient condition only. The next two tables are
derived from the incorporation of current therapy details, and provide more meaningful data.

Number of clinical details per form Number of forms Percentage
1 29 56
2 17 33
3 6 11

Table 3.6(b) (Medical) Clinical details: Number entered per form

Number of clinical details per form Number of forms Percentage
0 3 12
1 21 88

Table 3.6(c) (Surgical) Clinical details: Number entered per form

KRG sentences| Frequency|l KRG sentences | Frequency || KRG sentences| Frequency

r20 6 r21 3 19 1
122 4 23 1 126 1
24 9 r27 1 130 3
r25 14 r3l 1
28 18 r32 1
r29 25

Statement 76 Query 5 Suggestion 7

Table 3.7(a) Clinical details: Certainty associated with details entered; KRG analysis, first pass TDH.

Certainty KRG sentences Percentage
Statement 76 86
Query 5 6
Suggestion 7 8

Table 3.7(b) Clinical details: Certainty associated with details entered; summary.
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item reported, and sometimes there were none. Further detail is explored in
Tables 3.7(a) and 3.7(b). Here it is seen that most items were entered as
statements about the patient, i.e. they were reports about the patient's clinical
condition, diagnosis, or current therapy. However, the doctor frequently
communicated a suggestion or query (21%) to the laboratories. Table 3.7(b)
again shows the comparative simplicity of the surgical ward, in that most
details were statements about the status of the patient in relation to the
surgical operation.

In the case of the 26 multiple form transactions (Table 3.3), there was
a relationship between the details on the different forms. In the surgical
ward, all eight multiple-form transactions contained identical clinical details.
Table 3.8 shows that in the medical ward 63% of these transactions
contained identical details, while in the other instances there was an overlap
between forms. It is interesting to note that no transactions observed
involved entirely distinct clinical details: there were no instances of the
possible KRG (request (multiple tests (multiple forms (specific data (report
(distinct)))))), while the related KRG €3 (request (multiple tests (multiple
Jorms (specific data (report (common)))))) occurred with a high frequency.

Details Transactions Percentage
Identical 17 63
Overlapping 9 37
Distinct 0 0

Table 3.8 (Medical) Clinical details: Relationship between details for multiple form transactions.

3.4.3.4 Task sequences

[The SRG tool was not used to produce the data reported here.
Rather, the sequences recorded on the request form copies themselves
provided a sufficient, manageable source of information.] The sequences of
sub-tasks were seen to be highly dependent on the layout of the forms used.
The predominant tendency was to follow the forms from top to bottom and
from left to right, with 31 out of 77 forms (40%) adhering precisely to this
sequence. Identification of the patient was the first action in 62 forms (80%).
A point of great interest lies in where diversions from the 'standard' occurred.
Table 3.9 shows the occurrences of the more significant deviations from the
'standard' sequence. It can be seen that the selection of the investigation was
more frequently brought forward than pushed back in the sequence.
Conversely, entry of the clinical details was given a lower priority, with a

large proportion of all deviations accounted for by this sub-task being
pushed further down the sequence.
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Deviation form 'standard’ Number of occurrences Percentage of all deviations
Investigation brought forward 14 24
Investigation pushed back 11 18
Clinical details brought forward 10 17
Clinical details pushed back 24 41

Table 3.9. Deviations from 'standard' sequence of form filling involving investigations and clinical details.

3.5 Implications for the design of the interaction
Here, the results described above are interpreted in the light of the
broader picture obtained through the analysis as a whole, and a discussion is

given to provide a rationale for the design of a possible computerised test
ordering system.

3.5.1 Entry of non test specific data
a) Patient details .

There is a need to identify the patient, both for the doctor in assigning
the test to the correct patient, and in ensuring that the laboratory has
sufficient data at hand to make a fully informed interpretation of the test
results. However, the patient details should be a once-only entry on
admission. The system should assign all such data to a transaction once the
doctor has identified the patient within it. Current use of patient stickers does
alleviate the load considerably, but they are not always available, and,
depending on the sticker design, there are additional items which need to be
repeatedly entered by hand.

b) Doctor details

Identification of the requesting doctor is a requirement for each
transaction. A signature could be associated with a log-on code, or at least
reduced to one manual signature per transaction; the entry of the doctor's
bleep number is easily automated via log-on.

c) Date and time of request

Date stamping transactions is a standard feature of automated
systems. A problem arises in that doctors will at present prepare request
forms a day in advance and write the following day's date. This occurs
primarily because form filling is so time consuming that doctors may
complete forms during quiet periods before they are needed; by simplifying
the requesting process, such a practice would not be necessary. A second
problem involves wards which employ phlebotomists to take samples. A
doctor working at night may issue a request for the phlebotomist to complete
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the next day. There is a need for the design to include a function to allow for
this.

Certain investigations also require a time stamp : this could be
provided by default with that selection, or again if phlebotomists are
employed an option to enter a future time could be given.

3.5.2 Test selection

The notion of forms and numbers of tests per form, and the problem of
incorrect combinations of tests on the same form disappear when the
ordering is seen as a transaction. A single encounter with the computer
provides the opportunity to select whatever combination of investigations is
required.

The high frequency of occurrence of requests for FBCs and U&Es,
both alone and in combination, points to the need to have these as the
principal permanent options in the ordering system interface. The selection
of other tests is sufficiently infrequent to warrant their inclusion in a separate
functional area, €.g. as a sub menu.

Entry of the specimen requested can be automated, because most
investigations are associated with only one specimen type. Where there is an
option, a menu may be offered.

3.5.3 Clinical details

There is an important design choice to be made here. No part of the
requesting procedure lends itself more readily to free text entry than the
reporting of the clinical details. It may be appropriate to leave it thus, with
all of the clinical details relevant to each test requested associated with the
transaction as a whole. This would affect the general requirement to simplify
ordering in different ways. Two points can be made in its support:

» Free text entry is simple and allows the doctor complete freedom to
report whatever 1s deemed desirable, using any chosen terminology and
abbreviations.

* Even though use of the keyboard is slower than handwriting, the
requesting process will have been so streamlined by other improvements
that 1t would be acceptable for this part of the new system to be slower
than its manual counterpart.

However, there is a case for selecting a different input method:
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» Given that keyboard use is time consuming, (the very factor doctors
perceive as problematic with test requesting), there should be some effort
to design a data entry system which produces greater time savings.

» Opting for free text entry is a denial that there is any underlying task
structure, and makes no use at all of any findings from the task analysis
regarding the entry of clinical details.

» Free text entry ignores the specific requirement to communicate to the
pathology laboratories only those clinical details which are relevant to the
investigation requested. There should be a means of linking particular
items with requests destined for different laboratories.

The analysis indicates that there is the potential to automate the entry
of most of these details. Table 3.7(b) shows that 86% of details are
statements. These mainly report the principal diagnosis, which will for the
majority of patients change little or remain constant throughout the stay in
the hospital. Medical patients have a more unstable diagnosis, changing as
the results of investigations are obtained. (The term used by clinicians is the
working diagnosis.) Thus there is the possibility of a once-only entry of this
information, with the possibility of modification if this were warranted. The
revelation from the analysis that multiple forms never have completely
distinct clinical details has been very important here, because it shows that
where different laboratories are being given details, there is common data
being entered. Often, it was the patient's current therapy that made up the
details that were additional to this common data. This suggests that there
should be an option to include the current therapy on a request. The entry of
the current therapy onto the patient's record would be once-only, or it could
be drawn from other parts of the system if the patient's drug regime were
also computerised. The relevance of a particular therapy depends upon the
investigation ordered, and the determination of which detail should be
transmitted to which laboratory could be resolved within the interface
software; e.g. 'heparin' would only be associated with tests going to
haematology, and not to clinical chemistry.

Automatic inclusion of the working diagnosis would also be desirable
in the surgical ward, where current practice in most cases involves only
reporting whether the patient has undergone surgery or not. Interview data
has revealed situations in which a lack of basic clinical data in the
laboratories has caused delays and requests for additional information, which
would have been prevented by such inclusion.

In view of the discussion and the findings reported earlier, it is
proposed that the entry of clinical details should comprise:
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1) the working diagnosis as a default.
ii) the current therapy as an option.

Options for the source of these data are:

» They could be selected, at request time, from pre-written lists of the
predominant diagnoses and therapies occurring on the ward.
» They could be entered on admission/clerking and updated as necessary.

1ii) a query / suggestion prompt, with a free text area
1v) a free text area, which would be available for use in the minority of cases
not covered by the above.

3.5.4 Sequence / priority implications
The sequence findings support the impressions gained from interviews
with clinicians about the relative significance of various parts of the request

forms. A hierarchy of significance may be proposed, which leads directly to
possibilities for the interface design:

1. Patient identification.
2. Stipulation of investigation(s).
3. Entry of clinical details.

The request screen should reflect this hierarchy in the layout of the data
displayed, whilst the tendency to bring forward the stipulation of tests

suggests that there should be the facility to select them before the act of
identifying the patient.

3.6 Specification of requirements for a ward based system

1. Identification of the patient draws up patient name, age, sex, date of birth,
hospital number, consultant and ward.

2. The system should permit the performance of transactions as identified in
the final TDH, in that selection of the patient enables the user to request
as many tests as are required for that patient.

3. The screen layout should reflect the three node structure of the first pass
TDH, namely state, request and report.

4. The screen layout should have patient identification data as most

prominent, with the test ordering function following and the clinical
details area subordinate to this.

65



5. The interface should not prevent the user from selecting tests before the
patient has been explicitly identified.

6. The screen should offer permanent options of FBC and U&E.

7. A menu should be available containing the other principal tests according
to the ward.

8. A sub menu should be available containing the names of less common
investigations.

9. A date and time override facility should be available to stamp the
transaction for a future request (e.g. for a phlebotomist to complete).

10.The specimen should be recorded automatically according to what is
appropriate to the investigation. Where there is a choice possible, an
option menu should be presented.

11.Each request should be accompanied by the working diagnosis, which
may be amended as necessary.

12.An option should be offered to include the current therapy with the

- diagnosis. Where a number of therapies are current, a menu is should be
presented for selection.

13.An option should be offered to make suggestions or queries, with a free
text area for completion.

14 A free text field should be available for other clinical detail types.

15.Logging on should identify the doctor, marking the request with this .
identity and the bleep number.

3.7 Conclusion

The intention of applying task analysis to an area of ward activity was
as a means of obtaining a set of requirements for the human-computer
interface of a prototype system. It has been shown that TAKD was
successful in this. However, the requirements must be incorporated into the
design of the prototype, so that they, and by implication the task analysis,
may be validated. This chapter has terminated with a straightforward
definition of a specification of requirements for the interface. The following
chapter reports on the design process that was undertaken in the
development of the prototype derived from this requirements specification.
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Chapter 4

Design and Implementation of the Prototype

In this chapter, the outcome of the application of TAKD is related to
the design and implementation of the prototype system. It is important to
note that it does not seek to give a comprehensive description of the process
by which the entire system was developed. Rather, it is the input of the task
analysis to the design of the interface which is focused upon.

4.1 A framework for the design

The list of requirements given at the end of Chapter 3 does not in itself
specify the framework or the paradigm for the interaction that will embody
those requirements. There exists an intellectual context within which the
design of the prototype must take place; this context determines how the
requirements are to be implemented. Artifacts in computing, as in the greater
world of technology, are not created within a vacuum. Rather, they are the
product of a multitude of influences which come to bear on the problem that
the inventor (or designer) seeks to solve. This is illustrated by Carroll et al
(1991), who relate past technological advances to the evolution of artifacts in
HCI. Using the steam engine as an example, they argue that no one inventor
was responsible for its emergence, but that it was the product of an extended
process of development and redevelopment. Likewise, advances in HCI have
been made on the back of existing artifacts and in the light of experience.
Design is always guided by what already exists: thus, the process of
designing the prototype was guided by an array of factors that need to be
elucidated here.

A suitable starting point for the design process is given by Norman's
model of interaction (Norman, 1988). Norman proposes that people's actions
have two aspects: execution and evaluation, each of which consists of
several approximate stages:

» Execution 1s concerned with doing and comprises:
1) A goal, which is the intended state to be achieved.

11) An intention to achieve the goal.
11) An action sequence, which is a set of internal commands.
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iv) Execution, when the action sequence is performed.

» Evaluation is concerned with assessing whether the goal has been
achieved.

v) Our perception of the world informs us of the effect of the execution.

vi) The perception is interpreted according to our expectations.

vii)The interpretation is evaluated by comparison with our goals and
intentions.

GOALS

What we want to happen

/N

EXECUTION| | EVALUATION

What we want to Comparing what
do in the world happened with what

we wanted to happen
The Gulf of The Gulf of
Execution Evaluation
+

Figure 4.1 The Action Cycle (from Norman, 1991).

There is bound to be a mismatch between the user's internal goals and the
availability and representation of information about the system, because of
the different languages that describe the two components of the model; the
computer user's goals are expressed in terms of tasks, whereas the state of
the system is expressed in terms of computational behaviour. Norman (1991)
describes these mismatches as gulfs (see Figure 4.1), wherein the gulf of
execution refers to

"....the difficulty of acting upon the environment (and how well

the artifact supports those actions)."

Thus it is the distance between what the user wants to achieve and the extent
to which the system permits it. Conversely, the gulf of evaluation is

"...the difficulty of assessing the state of the environment (and

how well the artifact supports the detection and interpretation
of that state)."
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In other words, it is the disparity between what the user expects to see in the
state of the system and what it actually shows.

The model may be related to the design of the interface thus: we can
see that an artifact that permits actions which correspond closely with the
user's intentions is allowing the user to achieve a goal with less effort - it is
reducing the gulf of execution. Whereas, an artifact that presents the state of
the system in a form that is readily interpreted in terms of the user's goals
and intentions is allowing the user to more easily understand the effect of
actions on the system - the gulf of evaluation is reduced. The design of the
interface should, by minimising these two gulfs, both match the user's task
needs and be easily understood in terms of those needs.

4.2 The design goals

Given the broad aims set out in the section above, the more specific
goals to be achieved by the design can be addressed. Both the background
work described in Chapter 2 and the detailed study described in Chapter 3
point emphatically to the need for a system which displays a very high
degree of usability (a concept that is discussed at length in the next chapter,
both in general terms, and with particular reference to evaluation).

The design goals may be illustrated by means of a scenario in which a
junior doctor has her first encounter with the system. Already under pressure
due to her workload and continuing study requirements, she has been asked
to use a computer to carry out a task she already performs with expertise on
paper. Rather than imposing an extra learning requirement on her by relying
on training, or a help system to instruct her in how to use the system, it is
intended that the interface will be so designed that its use will be intuitively
obvious to the doctor. It should be as close as possible to a ‘walk-up-and-use'
system (Polson et al, 1992), such as a bank cash point machine, and offer
very high error avoidance and recovery levels. This would be a severe test

for the efficacy of the application of task analysis to the design of the
interface.

4.3 The interaction style

With a framework for the interaction in place, consideration is now
given to more specific influences that impinge on the design process.
Perhaps the most significant determinant of the nature of an interface is the
interaction style that is applied in its design. Walker (1990) and Dix et al
(1993) discuss how different interaction styles have developed as technology
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has changed, enabling the creation of novel forms of human-computer
dialogue. Given the range of hardware and software that is available, the
scope for design is extraordinarily wide. However, the selection of the most
appropriate interaction style is one of the first steps in constraining the
design. Thereby, it directs the designer in identifying an appropriate design
environment (or tool) from the large array that exists.

An interaction style reflects a particular character for the dialogue
between the user and the computer, wherein both the nature and degree of
user's control over the system, and the feedback given by the system, may
vary greatly. Interaction styles are not discrete entities, and there is much
overlap between them. However, a useful classification of styles that applies
to most common systems is given by Shneiderman (1987):

¢ Menu selection

+ Form fill in

¢ Command language
» Natural language

+ Direct manipulation

The criteria for selecting the most appropriate interaction style may be taken
from the Norman's framework described earlier: there should be an effort to
reduce the gulfs of execution and evaluation. Different interaction styles lend
themselves more readily than others to this effort. Table 4.1 gives a rationale
for the selection of a style of interaction most within Norman's framework
for interface design. '

Interaction style Gulf of Execution Gulf of Evaluation

Menu selection Well-designed menus make execution | Depends upon complexity of menu
of some tasks easy, but style is structures. Overall state of system may
restricted and may be cumbersome. be unclear. Navigational problems may

occur.

Form fill in Inappropriate where choices are Feedback about the user's actions is
limited, making task harder than delayed.
necessary. Data entry syntax needs to
be learned.

Command Very open to error. Carries excessive | Effect of actions on system very difficult

language learning requirement. to see, if evident at all .

Natural language Inappropriate where task is well Difficulty with assessing extent to which
defined. Does not tell user what action has altered system state, as this
actions are supported. depends upon quality of input.

Direct Actions and choices supported by User's effect on system may be

manipulation system may be made very explicit, instantancously evident. System state
with minimal syntactic requirement. may be explicit at all times.

Table 4.1 A rationale for the use of direct manipulation as a style of interaction within Norman's framework.
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Direct manipulation, because of its inmediacy and clarity of feedback,
and, given a good design, its great potential for matching the user's task
requirements, appears to be the most apt style within the framework. The
style itself contains a multitude of components, not all of which are required
to fulfil Norman's criteria. Moreover, because of the indistinct boundaries of
the various styles, an interface that reflects predominantly one style may
contain elements of another. Nevertheless, with direct manipulation giving
the overall character to the interface, the strengths of the incorporated styles
may be utilised whilst avoiding some of their weaknesses.

Heuristic support for the rationale above is provided by Shneiderman,
who gives as the advantages of the direct manipulation style of interaction:

+ Visual presentation of tasks

+ Ease of learning

» Ease of retention

+ Facilitation of error avoidance
+ High subjective satisfaction

Considering many of the particular characteristics of the ward environment,
these advantages may be considered to be highly favourable, and lend further
weight to the decision to adopt this particular interaction style.

4.4 Selection of a prototyping tool

Given the constraint of a particular interaction style within which to
build the prototype, selection of the most suitable design tool was possible.
In recent years, many different user interface design tools and environments
have appeared. Various factors were considered in the process of selection:

+ Flexibility, to allow sufficient freedom to realise alternative design
options.

+ Ease of use of the design environment itself.
» Ease of programming the interactivity and functionality.

Performance and the hardware and operating system platform were
considered less important criteria for selection, because of the intended
throw-away nature of the prototype.

The author's own experience with Hypercard and Hypertalk led to the
selection of Plus (Spinnaker Software, 1991), a Hypercard clone for the PC
environment. This software easily met the first three criteria, and being PC
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based, lent itself easily to portability to the hospital location, with
straightforward linkage to peripheral devices that would be necessary in the
trial and evaluation that were to follow. While its performance was not good,
the author's knowledge of the software was sufficient to devise means of
overcoming most of the problems in this respect.

4.5 The Design

The process of design is, according to Fischer et al (1991) "characterised
by creativity, judgement and dilemma handling, rather than by objective
scientific methods". This is not to say that design is not informed. It is, in
essence, the creative process that occurs once all of the information available
about the problem is in place.

Apart from the knowledge that the designer has about the problem
domain itself, many other sources of guidance may influence design decisions.
Principal amongst these are design rules. These are rules that the designer may
follow in order to increase the usability of the software, and are derived from
past experiences of other designs. They may be rooted in empirical evidence,
psychology, ergonomics, or other sources, and their value lies in that they may
be applied on trust by the designer, who may lack the expertise of those who
devised the rules. Rules may be divided into standards, which have limited
applicability and high authority, and guidelines, which are more general, but
lack the authority of standards.

Further influences on the design come from the nature and limitations
of the design tool used, as discussed previously. Inevitably, there will be
cultural influences that will work subliminally as options and decisions are
considered. These will be based on the designer's previous exposure to
computer systems, on his or her graphic design experiences (passive or
active), and on broader influences such as aesthetics.

The account of the design that follows excludes two major factors.
Firstly, it does not give details about those parts of the prototype that were
not directly concerned with the outputs of the task analysis. Secondly, there
is no reference to any design rules, as none were overtly used during the
design process. The intention of this was to drive the design as much as
possible from the outputs of the task analysis, although, as it is argued
above, the creative process that was undertaken was subject to many other
influences.

A rapid prototyping approach was taken during the design, with
frequent peer group observations and testing in the departmental research
office. Continual discussions about design choices and directions helped to
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prevent apparently bad decisions becoming too deeply embedded in the
prototype. It must be noted that this contemporaneous evaluation was not
allowed to affect the specification of those task analysis-derived features of
the system. Its role was to provide feedback about the realisation of the
specification in the form of a design.

The following sub-sections deal with each item in the requirements
specification in turn, giving a rationale for the design decisions that were
arrived at. Where several options were considered and trade-offs needed to
be made, the rationale is presented in tabular form. The screen designs
themselves, showing all of the features described in the following account,
may be found at the end of this chapter.

4.5.1 Specification 1: Patient identification

Identification of the patient draws up patient name, age, sex, date of birth,
hospital number, consultant and ward.

Criterion to be met Design options Trade-offs
Identification of patient | List of current patients. Easy to program.
must be easy. May take longer to find patient.
Patients shown in ward plan Possibly quickest way to locate patient.
layout. Complex to program.
Must be updated with every bed move.
Selection of patient must | Menu. Very quick.
require minimal effort. Depends upon integrity of list.

Typing selection into data field. | No need to search for patient.
Data entry is slow, needs validation.

No ambiguity about Only details about selected Reduced cognitive load.
which patient has been patient visible after selection. Extra step required in case of error.
selected. Both particular details and all Increased screen clutter.

patient identities remain visible. | Easier fo undo.

Design decisions:
There is to be a permanent list of current patients, from which the user
selects with a single mouse click. The list is hidden after selection and is

replaced by demographic details for selected patient. A button is available to
take user back to the patient list.

4.5.2 Specification 2: Availability of tests for selection
The system should permit the performance of transactions as identified in

the final TDH, in that selection of the patient enables the user to request
as many tests as are required for that patient.
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Criterion to be met Design options Trade-offs
Affordance of printing Explicit information to indicate | Less likelihood of inefficient use of
all forms with one behaviour of system by system.
command. inclusion of a prompt or label. Information may not be needed, or will
become redundant with time.
Behaviour implicit in interface Smaller cognitive load during use.

by a) not segregating tests Affordance may not be apparent to
choices according to destination | user.
lab and

b) inclusion of a button that
allows selection of tests that go
to different laboratories.

Design decisions:

All tests available for selection are not grouped according to
laboratory, and there is the inclusion of one button that allows selection of
FBC and U&E tests together, even though destined for different laboratories.

4.5.3 Specification 3: Overall screen layout.

The screen layout should reflect the three node structure of the first pass
TDH, namely state, request and report.

Design decisions: .

The 'state' node is implemented in the top left of the screen, as a
window entitled Patients comprising the patient list, replaced by Selected
Patient, comprising the selected patient's administrative details after
selection. The act of selection constitutes the entire effort needed to 'state' all
of these details.

The 'request' node is implemented at the top right of the screen, in a
window entitled Investigations. Within this area are all of the available tests
that can be requested, and a storage area to record selections as they are
made. Included here is the current date and the command button to set future
dates and times. Although these were grouped under 'state’ in the task
analysis, it was decided that it was more appropriate to group this function
within the requesting area of the screen; automation precludes the need
explicitly to state the date, unless a particular request requires it.

The 'report' node is implemented as a window entitled Clinical Details
below the selected patient window, and is only visible once a patient has
been selected. Its proximity to the patient data should allow for easy cross

reference between the clinical details and relevant demographic data, such as
the date of birth.
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