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ABSTRACT

This paper provides an account of fieldwork studies carried out to document collaborative work as a complex strategy undertaken by actors in interaction with each other and with the resources available in the environment. Our research investigates users currently involved in carrying out locally distributed and mobile collaborative activities through the framework of Distributed Cognition and the methods of Contextual Design for representing and analysing the work observed. In our analysis, we take a view of activity that rejects traditional depictions of cognition as processes occurring just in a user’s head, in favour of a perspective on cognition as a distributed and emergent phenomenon occurring across actors and artefacts in the environment. From our analysis of field data, we draw out some representations of the work practices that might help us understanding the relationship between work context and the design of new technologies. We describe some key observations from the data and conclude with some data-inspired implications for the design of future collaborative and communication technology.
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INTRODUCTION

In recent years there has been a redirection in CSCW that recognises the need for new methods and models for studying work practice that inform the process of requirements gathering and the design of workplace technology. This shift has been reflected in the development and application of a number of theories such as distributed cognition, activity theory and situated action theory, and also in the development of methodological approaches such as contextual design, scenario-based design and participatory design. Reflecting on previous fieldwork centred on the collaborative work practices of teams and communities [7; 11; 6] - and analysed through the lens of human cognition as an emergent distributed phenomenon - we speculated that additional value could be brought to the evolution of technology for collaboration by understanding and representing the effective alliance individuals establish with external resources in order to achieve and maintain collaboration. In choosing distributed cognition to model cognition across users and artefacts we have the opportunity to look at collaboration from an innovative point of view that highlights how context and external resources impact collaboration. Similarly, we advocate that the representation of work activities, utilising the methods of contextual design, aid researchers in conceptualising technologies that truly meet the informational and communicative needs of dynamic and fragmented users and their communities. 

In our fieldwork we applied distributed cognition and contextual design in order to analyse and represent two complementary scenarios of collaborative work, locally distributed and mobile. The data gathered was used to generate a representation of the strategies adopted by the participants when they perform collaborative activity using environmental and social resources available within their surroundings. The collected data further allowed us to extract implications for inspiring and informing digital technology. As such we feel that Contextual Design [3] and Distributed Cognition provide us with tools to represent fieldwork data in a compatible “end readable” way for informing designers and we shall illustrate this with examples as this paper progresses. In particular, contextual design with its consolidated models reveals common strategies and intents across groups of users, while also retaining and organising individual differences through the representations of artefacts, workflow, sequence, cultural and physical models, it employs. Contextual design can be viewed as a combination of methods that enable designers to be involved in collecting and interpreting user data throughout the product lifecycle so they comprehend what real users need - starting from an awareness that any system embodies a model of work and also that a system's function and structure impinges certain strategies, language, and work flow onto its users [3]. 

BACKGROUND RESEARCH

CSCW is now being viewed as a valid fundamental research area to be taken into consideration in the design of new technologies [1]. This has re-focused design onto the cognitive and the social aspects of users and their communities in the hope of developing a more holistic approach to user-centred design [ibid]. Fieldwork has been useful in highlighting several important aspects of the current use of collaborative digital tools. For example, Luff and Heath [8] described the shortcomings of a mobile device for digitally recording work records on a building site, identifying how the use of this mobile technology actually led to immobility for the user. Similarly, Bellotti and Bly’s [2], have illustrated how useful short periods of fieldwork can be to eliciting insights into the work and communication practices of locally situated and distributed workers. More recently, Perry, et al. [10] have used fieldwork to extract the coping tactics that mobile workers employ in resource impoverished settings.

Building on such previous fieldwork of collaborative situations [7; 11; 6] a key aim of our fieldwork was to document how the design of technology is currently failing to support the coupling strategies users adopt in conjunction with their surroundings in order to effectively perform their activities. In essence, demanding that user changes their work practices to fit the technology rather than the technology adapting to the users needs.  We also suggest that through the analysis of the concept of breakdowns [13] (disruptive situations that artefacts can generate), the study of the natural coupling established with external and internal resources can be developed even further.

METHODOLOGY

We embarked on two inter-related ethnographically inspired field studies with the objective of opening a window of observation on two complementary scenarios of work: locally distributed collaborative, and mobile collaborative working practices. The locally distributed collaborative work study investigated three design teams in situated and distributed locations. This was conducted over a period of eight months centred on observations and interviews and supplemented by digital recordings. The three teams observed were involved in various design activities, namely construction engineering, appliance design and engineering/architectural specifications.

The research on mobile work focused on collaboration, primarily in knowledge work, in a variety of remote and mobile settings, such as at airports and on trains. Using ethnographically informed research techniques, we observed mobile workers engaged in remote and “on the move” collaborative work in public spaces over a period of six months, focussing primarily on train stations, airports and on trains and aeroplanes.
This work was supplemented by 15 interviews of mobile workers to supply additional context, which by their nature, observations alone could not provide, gathering data on planning, motivations, goals and tasks, perceptions, constraints and problems. For the mobile work study Contextual design was utilised to analyse and represent the work. 

OBSERVATIONS

Locally distributed study: The dynamic work practices in our situated and locally distributed study was characterised by the generation of “creative contents” (concept design of information appliances, architectural and engineering specifications). This generally occurred without the support of computer or communication technology but focused instead on paper-based artefacts as a medium for supporting collaborative activities. What differentiated the work practices among the teams observed was the exploitation of a large collaborative area (the “project space”) by one of the teams studied – where information was embodied in artefacts supporting collaborative activities. For the other two teams there was no available space solely dedicated to their projects and they needed to meet in temporary collaborative workspaces to perform casual as well as scheduled meetings. The use of the “project space” provided many advantages when comparing the organisation of work practices among the other two teams. The data provides us with two key sets of conclusions about collaboration with and without the structuring of a dedicated collaborative space:

-Implications for the organisational and social aspects of collaboration caused by the employment of a physical space;

-Consequences on technology and devices embedded in the patterns of collaboration.

It should be stressed that the main implication of organising collaborative activities around a project space is that it both constrains the team from planning a priori the activities to be performed and the methods of collaboration available to the team. Numerous benefits were achieved by using the space as a common informational resource where knowledge was offloaded for further ill-defined (and opportunistic) personal or collaborative use. For the teams who did not have the support of a project space to co-ordinate their activities, it was observed that the team members were forced to plan the procedures and the means through which their collaboration would be accomplished well in advance - obviously resulting in higher cognitive and social costs for work that might be unnecessary.

Mobile and remote study: Collaborative work involving mobile technology was observed as often characterised by the substitution of the tabletop for the desktop. Mobile workers identified a need for a flat surface to work on before beginning to work and were seen to make a conscious effort to locate one - even if that meant using unconventional working areas such as tables in restaurants and bars in airport lounges. Likewise, on trains mobile workers were seen to take over the majority of the table space with fellow passengers having to balance their paper work on their knees to accommodate the zealous use of table space that the simultaneous use of several mobile devices - laptop, PDA and phone use – demanded. Looking at our observational data, we can draw two sets of conclusions of where detailed planning impinged on user’s behaviour when they were mobile:

-Implications for the management of space and constraints on mobility;

-Effects on the coordinated use of mobile technology

During our observations the mobile phone allowed the most flexibility of behaviour for ‘on the move’ workers due to its relatively small size (enhancing easy portability) and because the device could be used efficiently even when the user was focused on other events in the environment. However, any kind of combined use of devices such as a mobile with a laptop meant once again users having to seek out a tabletop surface to work on and if none was available, adopting a seated position to balance the technology on their laps.

FINDINGS AND IMPLICATIONS

Planning is cognitively costly for human beings because, we have argued, intelligence is emergent and distributed. We noted from the observations of our inter-related fieldwork that technology often forces users to plan in detail before acting [5,12].The key to the performance of work was the development of alternative strategies for supporting collaboration without overloading internal mental computation: external scaffolding. In particular, in the locally distributed study we identified that:

· Information retrieval was facilitated by the embodiment of information in external representations that possessed meaning for the team and the work activities they pursued within the project space;

· By offloading information to an external spatial resource, the team was able to achieve a higher degree of group awareness - without employing complex procedures mediated by the team’s leader, occurrences that we observed for the teams that lacked an allotted collaborative space;

Since team knowledge was not embodied in an external medium but distributed and internally held by the members of those teams not sharing a project space, any communicational activity had to necessitate explicit reference to and contextualisation of the information in use. Thus, participants could not rely on an updated and “alive” representation of teamwork embedded in artefacts in the environment, which could have facilitated access to the relevant organisational knowledge required for effective collaboration. 

In our mobile work observations, we noted similar effects arising out of the use of space in collaboration:

· Mobile technology often fails to reinforce the connections users establish with their environment in order to achieve their given objectives. Instead, we observed mobile device users being forced to plan a priori their work activities as they hunted for a table space to occupy. This ultimately led to immobility on the user’s part, since much of the mobile device technology observed limited them to using a flat, static and horizontal surface to work effectively.

· The paradox exists that current mobile technology dictates constrained modalities of use such that, far from freeing the users and their communities from the cognitive responsibility of envisioning where they could work, actually forced detailed planning and a subsequent significant decrease in their mobility in the environment.
Whilst a range of artefacts was observed being used in collaboration, the design teams’ activities were centred on low-resolution technology. We argue this is because paper-based artefacts are more malleable, do not require the configuration of fixed working practices and, finally, put fewer constraints on emergent decision making processes. The team equipped with a project space configured its work activities utilising a striking variety of paper based artefacts. Such representations were heavily used for the physical transformation they allow to be performed upon them, and by doing so reinforce the work practices already established within the organisation of the project space. In opposition to digital tools, paper media are characterised by physical features such as size, weight, presence and orientation, attributes that prompt an effective usage in combination with the project space where they were created, manipulated and stored. They harmoniously fit in with the external scaffolding strategy that the team members adopted for treating the project space as an external resource. For mobile work the use of current digital artefacts, either singularly or in combination with other technology, created situations where the pre-arrangement of the environment’s resources was necessitated and the user needed to adopt a static position to work effectively. Thus, instead of being free to work ‘anywhere, anytime’ mobile users were constrained by the patterns that closed-in artefacts (such as laptops and handheld devices) create. 
Reflecting on the fieldwork as a whole, we repeatedly observed ‘breakdowns’ caused by the current manifestations of mobile technology, i.e. activities needing to be highly re-organised around the constraints of the technology; disrupting users’ attention and weakening the relationship that they naturally establish with their surroundings to realise their goals. From our observations, we conclude that current information technology fails to map onto the natural work strategies that users have developed over time and, in particular, they do not allow common access to artefacts in work activities: they neither provide support for multiple-users’ control nor share-ability of devices among users.

CONCLUSIONS AND DESIGN IMPLICATIONS

We contend that one response to the problems of current digital technology is to design new digital technologies that fit into an account of human action as instances of emergent distributed intelligence [9]. We should recognise in the design process that physical, social and cognitive dimensions are integral components of distributed cognitive activity, and that technology should augment this, rather than as at present, disrupting it. We are currently adopting the framework offered by Distributed Cognition [6,7] as a useful modelling tool to allow us to provide an account of cognition as an emergent distributed phenomenon across actors and artefacts in the environment.

We believe that the traditional approach to the study of cognition as a centrally-planned process has marginalized the relevance of device use and understated the evolution of work practice strategies. We propose that a more ‘ecological’ approach to the study of cognition should drive the design of digital technology. Another fruitful avenue that we are exploring for the development of user-centred mobile technology is the methods of Contextual Design [3]. This has allowed us to develop an understanding of, and to design for, users and their communities-in-context, by applying techniques such as affinity diagramming (for theme building) and work models to capture such essential elements as cultural and social models of technology use; ‘breakdowns’ [3] in working practices and artefact models (see figure 3) that allows us to represent users resources and their relationship with these resources. In the process, it also promotes an effective coupling of well-designed technologies with the fast changing physical environments that their users may inhabit. 

In ideal situations, users delegate the cognitive load of information they cannot deal with and the processes they cannot compute internally to the environment and to their artefacts to help them perform effectively. In reality, we see users experience frustration because their artefacts are not designed to take into account their human limitations and strengths - breaking the virtuous cycle of coupling strategies that links individuals to the world. Drawing from our fieldwork, we propose a re-focusing on design approaches for collaborative technology that hone in on the emergent properties of human intelligence and behaviour by directing attention to the features (affordances) and the empowerment users get from artefacts that compliment our own physical and cognitive skills and limitations. New technological artefacts should respect and enhance these properties, becoming part of the virtuous and natural cycle of interaction through which human beings both fashion their environment and are shaped by it.
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