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Abstract. In complex domains such as healthcare, careful analysis of user
requirements is an important aspect of the development process. In recent years,
ethnographic study has become a popular tool for building up an understanding
of the healthcare domain. However, linking observational data with the design
and development process is a challenging problem. A range of conceptual
frameworks have been proposed which can aid in transforming these data into
concrete requirements. In this paper, we argue that the framework and
associated design concepts used will have a strong influence on shaping the
outcome of design, and that the development team should consider carefully
which are most appropriate to the problem they face. We use a case study based
around a patient review process as an illustrative example.
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1 Introduction
The healthcare environment raises many challenges for design, with many different
roles and stakeholders involved, safety critical tasks being performed, large volumes
of information, and highly mobile workers carrying out their activities in a variety of
different settings. Standard user-centered design processes can be difficult to apply to
such complex work environments, and while techniques such as participatory design
are useful they are not going to fully address the problem [7].
In recent years, ethnographic studies have become a popular tool for getting to
grips with the complexity of the healthcare environment, with a number of projects
producing ethnographically-informed designs. Take-up has been such that
commercially driven initiatives are now making use of these techniques. Typically, an
observational investigation will yield a lot of information on the different users,
working practices, activities as they currently happen, use of artefacts and
information. However such studies do not necessarily produce actual design guidance,
and in particular they are not a sufficient basis for reasoning about the effects of
changes on the work, the workers, and the environment. These are dynamic
environments, and are subject to many external factors, including evolving "best

practice", changing regulations and organizational structures, and continuous
upgrading of information systems.
A number of different analytic frameworks have been proposed, which can help to
transform this ethnographically derived information into input to the design process.
Hence teams looking at the development of such information systems are faced with
the choice of which framework to use. In the following sections we argue that this
choice will have a strong effect on shaping the designs which are produced, and will
also impact on the ability to reason about evolution of the overall system in response
to higher level changes within the organisation (for example, the push towards multidisciplinary team meetings). The concepts considered in this paper have previously
been applied to the healthcare environment and due to the nature of the environment
many of these have an explicitly mobile aspect.
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Case Study - Patient Case Review

The case study concerns a large tertiary referral and cancer treatment healthcare
facility, where the cardio-thoracic surgery unit receives 5 to 10 new case referrals per
week. Each new referral must be processed in order to determine the patient’s
suitability for surgery. This involves gathering the information needed to discuss the
patient at a multi-disciplinary team meeting (MDTM), which stages (classifies) the
patient’s cancer, followed by an outpatient assessment before deciding if surgery is
required, followed then by the surgery itself and aftercare. Given the large number of
specialist staff that collaborate through the MDTM, it is vital that the necessary tests
have been carried out and reviewed prior to the MDTM. The work of managing the
patients through the surgical process is mainly carried out by the consultant cardiothoracic surgeon and specialist oncology coordinator nurse (hereafter referred to as
the coordinator), aided by administrative staff.
The processing of patients is tracked by various paper based artefacts that are
maintained by the coordinator. The artefacts used include paper notebooks with the
most relevant patient information, lists of patients in treatment with status, and a file
with all documents related to the patient. This is necessary because typically patients
in process are not physically located at the hospital ward and may not technically be a
patient of the hospital until outpatient assessment or surgery. Even though patient
treatment is managed from the tertiary referral hospital, scans and tests may be carried
out by proxy at the referring hospital. As a result, the system is highly dependent on
the coordinator and paper based artefacts to function. For example, a patient’s
processing may be on hold until a scan is completed at another hospital or a test result
becomes available. Unless these actions are followed up by the coordinator, using
paper files, notebook and various artefacts, a delay in processing could result, with
potentially serious consequences. While the use of a paper-based system may seem
atypical, the constant evolution of processes means that often workers have to fall
back on ad-hoc methods while they wait for formal structures and technological
support to emerge.
In order to investigate requirements prior to the introduction of electronic support
for these activities, an ethnographic study was performed with the relevant clinicians

and administrative staff at the hospital. This study is based on semi-structured
interviews with clinicians, examination of paper-based artefacts, and observations of a
number of key locations within the working environment. A previous and highly
detailed ethnographic study of the MDTM was also of much benefit in understanding
these activities (Kane and Luz, 2006).
The patient review process
When a patient is referred to the cardio-thoracic surgeon a letter of referral is received
at the tertiary referral hospital and transferred to the coordinator for the cardiothoracic unit. The coordinator will record the patients’ details to a note book and store
the letter of referral along with any other documents received to a file, which is then
placed in a portable carry case. The patients’ case will not be discussed again until the
weekly meeting of the coordinator and surgeon. Current and new patients are
discussed at this meeting in order to decide on tests that are needed before the patients
case can be discussed at an MDTM. The coordinator records the tests required and
follows up on the actions required with the patient and referring hospital to ensure
they are carried out. Until these actions have been completed the patient is not yet
‘active’: these tests must be completed before deciding if the patient is ready to be
discussed at the MDTM. Scans carried out at other hospitals will be forwarded to the
tertiary referral hospital to be examined by the specialist radiologist.
When this initial processing is complete the patients are put on a list for discussion
at a weekly MDTM, or referred back to the initial process if more information is
needed. The coordinator is responsible for ensuring that the patient names are on the
MDTM list and that the patient information needed at the MDTM is available. The
surgeon discusses the patient cases with other clinicians at the MDTM, while the
coordinator records follow up actions needed and decisions made. Once again the
coordinator is responsible to implement follow up actions needed.
The patients that have been recommended for surgery at the MDTM come to the
hospital for an outpatient assessment of general health before a final decision on
surgery is made. While the assessment is carried out by a member of the surgical team
the coordinator records the information on a self made artefact. The patients assessed
will then have their cases discussed at the next meeting between the coordinator and
surgeon. The coordinator will have to manage the patients requiring discussion after
the outpatient assessment and weekly meeting, along with other follow up actions. In
addition to the work described above in processing patients there are other tasks that
need to be carried out. For instance the coordinator must answer queries on
information related to patient processing from patients themselves, other hospitals,
and colleagues. From the patient processing information the surgeon is mainly
interested in the numbers in process, at each phase, awaiting MDTM, outpatient
assessment and surgery.

3

Design Frameworks

We consider in this section concepts which have been used in ethnographically
informed healthcare case studies on hospital wards, with a view to informing design.

It is important to note that while these frameworks are not orthogonal, each
contributes a unique conceptual lens through which the ethnographic data is analysed
and interpreted. We briefly consider the relevance of each framework to the case
study, and the degree to which they can shape design activities.
Concept

Purpose

Rhythms

Conceptual framework to explore relationship between information seeking
and temporal coordination.

Mobility Work

Conceptual framework to explore effects of moving people and things
(artefacts, equipment) to accomplish work.

Common Information
Space

Conceptual framework for analysis of a hospital CIS to reveal issues that
affect information system design.

Cognitive Artefacts

An approach to uncover and understand the cognitive work in healthcare
for the design of digital artefacts.

Coordinative Artefacts To understand how coordination and cooperation of workers on a ward is
enabled through a network of artefacts.
Activity-Based
Computing

Abstraction that bases support systems around main activities that
clinicians perform daily.

Table 1 - Concepts and Abstractions used in Analysis and Design in Healthcare

Temporal Rhythms
The concept of temporal rhythms (repeating daily patterns of work) is used [11] to
analyse the information seeking activities of clinicians working on a ward. These
typical working rhythms include shift change, morning rounds, medication, meetings
and new arrivals etc, with each rhythm necessitating different information seeking
activities. For example, a clinician might order a lab test knowing they will need the
results for the following morning rounds; a nurse finishing a shift prepares all the
information required for the handover. The rhythms concept leads us to concentrate
on the information seeking and providing activities of clinicians that are a part of
these working rhythms.
Although working rhythms in the case study are not occurring on a daily basis the
concept still proves useful in analysing the information seeking and providing
activities of the clinicians. The patient case discussion is the central provider and
seeking rhythm in the system. The information sought in this patient case discussion
process is provided to the MDTM. The MDTM often also acts as a source of
information for future case discussions. This reciprocal relationship is also true
between the case discussions and outpatient assessment.
Mobility Work
The concept of mobility work is used by [3] to describe the spatial aspect of cooperative work that is necessary for clinicians to accomplish tasks on a hospital ward.
This entails that the correct configuration of people, places, resources and knowledge
to be achieved to accomplish a task, while operating in an environment where these

resources are also mobile. In general terms, mobility work is the work that must be
performed so that clinicians can carry out tasks at specific locations.
Analysis of the case study reveals multiple resources required at the MDTM,
outpatient and angiogram rooms to support task accomplishment. MDTM and PTF
equipment are fixed to the room location where they are needed. However other
resources are mobile such as patient files and notebooks, while the radiology scans
and reports are available where network or PC access is present. As only the patients
who must have their case discussed at the next MDTM or angiogram room meetings
are required, the coordinator must organise this information ahead of the meetings.
This involves creating a list of patients to be discussed while ensuring that other
relevant information is also ready. Overall, the concept was found to be applicable to
our case study, and suggests increased support for mobilisation of resources.
Common Information Space
The concept of a common information space (CIS) [2] is used by [13] to analyse
cooperative work of heterogeneous workers on an ICU ward, which is based on the
use of a common information repository, HealthStat. Their observations revealed a
number of issues, firstly that physical proximity of co-workers does not equate to
mutual understanding to enable smooth coordination and interpretation of each
other’s work; this was not the case in other studies of a hospital CIS [5]. Secondly,
those heterogeneous workers have a different representation of the underlying
information stored in HealthStat, so coordinating activities relies on each
representation reflecting accurate shared data, with any change propagated to each
representation.
An obvious issue identified from our CIS analysis is the reliance on the coordinator
to relay information verbally to the consultant when discussing cases due to access
restrictions to paper artefacts. The consultant must perform a similar CIS transfer at
the MDTM, and is able to use the HIS to show scans and reports, but must refer to the
coordinator for non medical processing information. This temporary immersion and
information transfer in a “foreign” CIS for the duration of a task could be supported
by mobile devices that facilitate shared views on data. While there are many potential
issues surrounding the introduction of such technology [1], the framework is found to
be relevant to the case study and design.
Cognitive Artefacts
The failure of automation in healthcare to improve clinical performance is examined
by [14] who suggest that this is due to the design concepts on which these systems are
based. Current healthcare displays do not represent the underlying domain semantics
[12] and therefore are not suited to assisting clinicians in the cognitive work that they
must perform, which forces them to perform extra work to overcome these
deficiencies. To design displays that support clinicians in the work they actually
perform requires a significant investigation of the technical work [10], i.e. non clinical
work, that is performed in order to enable clinical work to happen. One way of
uncovering this technical work is creation and usage of cognitive artefacts [9].
The cognitive artefacts concept focuses investigation on the artefacts that are
created by clinicians so that we can uncover the work that the artefact is designed to

support. This will reveal the goals and strategies employed by the artefact users
during their work. Investigation of the work the artefact supports will ensure that any
digital replacement is created with an understanding of how work is managed using
the artefact, and provide appropriate support. It is important to perform such analysis
as simply mimicking a paper based artefact may not equate to supporting the work it
was designed to help.
The coordinator in our case study creates patient lists to act as external
representations of the patients. These are not annotated or stored, but guide case
discussions. A digital replacement could be created to support this task. This could
involve the coordinator dynamically managing these lists using a mobile device in
situ as required instead of en-masse prior to meetings. The coordinator also uses a
notebook to record summary patient processing information such as scans, tests and
patients status for quick reference. This is also used during case discussions and MDT
meetings. Digitising this notebook requires an understanding of these multiple roles it
plays and the work processes it is used within. As patient lists are created from and
are a subset of the notebook information, its electronic counterpart should support this
creation and migration of information. The recorded scans, tests and reports in the
notebook could also be linked to the HIS, which could track and update patient
processing status automatically, instead of requiring a search for patient details on the
HIS and recording them to the notebook. Again, we can see that the framework is
relevant to the case study, with a particular focus to the type of support suggested.
Activity Based Computing
The concept of Activity-Based Computing (ABC) is explored by [6] to investigate
providing support for healthcare work. The activity abstraction is used due to
concerns about the suitability of traditional paradigms, such as application and
document centered systems, to an environment where work is “nomadic,
collaborative, intensive and often interrupted”. ABC is designed to allow activities to
be suspended and resumed when interrupted and handed over to colleagues to support
ad-hoc collaboration.
Activity Based Computing was proposed as an alternative to document and
application centred system due to the nomadic, collaborative intensive and often
interrupted nature of work in healthcare. While activity management is an important
aspect of the work, and the issues targeted by the framework (collaborative, intensive,
nomadic, interruptions) are relevant, the framework was found to apply more to the
wider context of the application, rather than design for the review process itself.
Coordinative Artefacts
Bardram and Bossen [4] look at coordination and collaboration on a hospital ward by
analysing usage of non digital coordinative artefacts. It was found that these artefacts
(worksheets, whiteboards etc) facilitated locating patients and staff, cooperative
planning, continuous coordination, status overview and passing messages. This has
implications for development that digitises these artefacts as the functionality
afforded to clinicians must be retained.
The study in [4] was focused on a heterogeneous group of workers on a hospital
ward and is not directly applicable to our case study as the non digital artefacts

created by our clinicians are primarily created for their own personal use, with some
minor exceptions. While it is possible that the work system could well benefit from
making greater use of such artefacts, it was not found to be immediately applicable to
the case study.

4

Future Work

The question of how to choose an appropriate framework has not yet been fully
addressed. We would argue that the closer the symmetry between the chosen concept
and work system under study, the easier it will be to elucidate and communicate
requirements for design. Specifically we need to address what constitutes a “fit”
between a work system and concept and how we can extract requirements or design
recommendations from analysis.
While each concept will prove more or less applicable to any given work system,
the range of relevant design concepts goes beyond those considered in this paper. It
could be that the process of attempting to apply a number of concepts to analysis of a
particular setting may facilitate selection or development of a more suitable
framework for conceptual description. Another interesting and related issue is the
effect of such frameworks on interpretation of evaluation data from prototyping
activities which might be conducted as part of a human-centered design process. A
further question to be addressed is the role of such frameworks in the context of
broader methodologies for analysis and design.
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Discussion and Conclusions

Analysis of our case study has revealed that the existing design frameworks probe
different aspects of the work performed and suggest different forms of technology
intervention. A question which arises is whether development teams should seek to
adopt a single framework for a particular project, or whether it would be better to
consider multiple points of view, starting from the same ethnographic data. Another
question is whether there a case for "unifying" frameworks which bring together
multiple design concepts, or is it sufficient to have a checklist of things to consider in
design, which is derived from a variety of frameworks.
In conclusion, the decision of which conceptual framework to adopt should not be
made lightly; ideally the development team should have a palette of concepts, from
which they can choose according to the context. Designers should be wary of
influence of the analysis framework on the design space. Furthermore, the
relationship of the design framework with further stages of design process remains to
be investigated.
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