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Abstract

The trend towards mobile and nomadic work poses many challenges for studying and understanding work, and also incorporating this knowledge in the design and development of new systems. Study of existing research on mobile systems in the healthcare area reveals that a relatively small number of design concepts or design abstractions are used. These concepts can drive requirements gathering and analysis of the work system and can often strongly influence the design of the new system. In this paper we examine a number of concepts and abstractions available to the designer and consider their applicability to a case study of mobile decision support in the healthcare area. One can take the view that the designer should have a ‘toolkit’ of such abstractions available to help structure consideration of requirements information and abstractions data, whose heterogeneity and variability can pose serious difficulty for analysis and design.

Introduction

Hospitals in the near future will enable truly mobile and nomadic work to emerge as progress towards a pervasive computing infrastructure, and digitisation of paper based artefacts continues. One study (Bardram and Bossen 2005) has shown that clinicians during ward rounds moved between six different locations (radiology, team and physicians room, isle trolley, patient and transportation); this did not cover their overall shift or daily variations. In our own field studies, many clinicians encountered either do not have an office or do not regularly use their office. In such a situation, the necessity for enabling nomadic work becomes self evident. In this paper we review a number of abstractions and concepts used in healthcare research. These are assessed in the context of developing mobile information systems for healthcare environments. We then consider their applicability to a current field study for a decision support system in a major urban hospital oncology ward.    
Concepts and Abstractions for Analysis and Development

The concept of temporal rhythms (repeating daily patterns of work) is used by (Reddy and Dourish 2002) to analyse the information seeking activities of clinicians. These 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 he will need the results for the following morning rounds, a nurse finishing her shift prepares all the information she will require for the handover. 
The concept of mobility work is used by (Bardram and Bossen 2005) to describe the spatial aspect of co-operative work that is necessary to accomplish tasks on a hospital ward. This entails that the correct configuration of people, artefacts, resources and knowledge be achieved to accomplish a task. This is due to operating in an environment where these resources are themselves mobile. Currently clinicians use ad hoc meetings, post-its, fax, IM and paging in order to gain the correct configuration of these resources. 

The concept of a common information space is used by (Reddy, Dourish et al. 2001) 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 others work; this was not the case in other work study CIS. 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. 

(Bardram and Bossen 2005) looked at coordination and collaboration on a hospital ward by analysing usage of non digital co-ordinative artefacts. It was discovered these artefacts 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 must be retained. 

The concept of Activity-Based Computing (ABC) is explored by (Christensen and Bardram 2002) 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.   
The failure of automation in healthcare to improve clinical performance is examined by (C Nemeth, M O’Connor et al. 2005) who propose that this is due the design concepts on which these systems are based. Current healthcare displays do not represent the underlying domain semantics (Woods and Hollnagle 1987)and therefore are not suited to the assisting clinicians in the cognitive work that they must perform, which forces clinicians 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 (Nemeth, Cook et al. 2004), 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 (Nemeth and Cook 2004). By studying the creation of the anesthesia assignment schedule in a major urban hospital, using observation and verbal protocol analysis and usage of the digital artifact created from the schedule, OpAssign, the authors identified major shortcomings and possible improvements. 
	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 effect 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 worker 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 Analyses and Design in Healthcare
Implications for Healthcare Development

Currently healthcare professionals work in a nomadic fashion due to the nature of their environment; physically large with multiple specialised areas, limited use of personal offices, need for clinical support regardless of patients’ location and their own location (meeting room, x-ray, lab etc). As pervasive computing becomes more prevalent in healthcare we will have the ability to provide services and information regardless of location with minimal restrictions. Although to do this efficiently, effectively and appropriately means providing support that is grounded in sound analyses of this complex domain. The concepts listed in Table 1 provide a number of alternative views which allow important features of the domain to be emphasised throughout analysis and design.
If we utilise the ‘rhythms’ and ‘mobility work’ concepts in analysis we can increase the degree of support for the nomadic work of clinicians. ‘Mobility work’ analysis will reveal resources required by users for task accomplishment and collaboration with co-workers. Once known we can provide status information of these resources and disseminate personal task information relevant to co-workers, negating the need to return to central meeting points/artefacts and performing physical searches. Also, utilising ‘rhythms’ in tandem allows the appropriate timing for delivery/sending of mobility work related information, including other specific information sought, allowing workers to stay mobile. Analysis of ‘coordinative artefacts’ allows identification of the support artefacts give to clinicians in terms of awareness, overview, coordination and collaboration etc. Enabling nomadic work must not have a detrimental effect on current artefact affordances, so identifying and understand the role of these artefacts is critical. Activity based computing is based on the proposition that activity management is a major issue for nomadic collaborating co-workers in a highly interruptive environment. 
The ‘Cognitive Artefacts’ and ‘CIS’ concepts appear less immediately applicable to supporting  nomadic work. ‘Cognitive Artefacts’ analyses will ensure that systems are based around support for cognitive work that clinicians perform, while ‘CIS’ allows for analysis of information flow between heterogeneous cooperating workers. However, one can view the information flow as part of the wider context for all work, including nomadic work. 
Applying Concepts to a Current Field Study

Currently we are involved in designing a decision support system to handle in process patients (NPP’s) that are waiting to be enrolled on the computer system of a major urban hospital oncology unit. Until preliminary procedures to asses their suitability to be treated by the consultant oncologist are completed NPP’s are not enrolled. These preliminary procedures can proceed at other hospitals but are directed by the consultant oncologist and specialist oncology nurse.  
Although work on this case study is at an early stage, we will briefly examine the applicability of the concepts introduced above. A number of artefacts are created to handle NPP’s, study of which can help reveal the functionality and affordances required of the new system. By analysing the creation and use of these ‘cognitive artefacts’ we can uncover the cognitive work that must be supported. Working ‘rhythms’ and ‘mobility work’ analyses appear appropriate and should help to identify when interaction with mobile users should be initiated, while being aligned and integrated with other workflows. For example, when a lab result becomes available from off site, which the nurse and consultant must review, an alert could be triggered before the nurse and consultant start morning rounds if they are in close proximity. Another issue is that the consultant and specialist nurse are only co-located at the same hospital ward intermittently, with the consultant operating in another hospital and private practice other days and times but still requiring to make decisions about treatment of NPP - in this case analysis of coordinative artefacts seems most appropriate. We can use the concepts discussed to deal with multiple issues, while at the same time investigating other possible abstractions that may be more suitable for this particular case study.
Conclusion    
This paper has briefly reviewed a number of concepts and abstractions that have been used in healthcare studies. While all are predicated on study of practitioners and the work domain, each reveals different aspects of the domain. Different design abstractions may be appropriate for different settings and systems. To enable nomadic work we must understand how different views of the domain may emphasise competing issues and constraints. There still remain many open questions. Can the results of these studies be generalised across the domain? Are findings that guide design decisions the most we can hope for? Are there other concepts and abstractions with which to analyse the domain? 
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