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ABSTRACT

This paper outlines two ethnographically inspired field studies examining collaborative work. We revisit the notion of Common Information Space, CIS, in order to identify a set of resources and relations of which we intend to improve the understanding.  In conducting ethnographic research we are driven by the purpose of analysing modalities of interaction in several collaborative settings and in relation to diverse social and technological circumstances within the computational framework of Extended Cognition. The overall goal of this research that extends beyond the account of this paper is to accomplish a better integration of informational, architectural and organisational resources in the design of environments and paradigms for collaboration. 
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BACKGROUND RESEARCH

Being a social and organisational phenomenon, collaboration incurs some costs. Additional work is required in order to achieve cooperative activity, beside the effort spent toward the task (Schmidt, 1994). The cost is both visible at individual as well as at an organisational level, since supplementary resources need to be strategically planned and marshalled. Nevertheless, collaboration visibly occurs and its benefits balance the costs paid for its establishment and maintenance. In particular, the advantages of collaboration lie in the overcoming of individual’s limited capabilities, providing constructive opportunity for mutual critical assessment, confrontation of perspectives, combination of differences and enhancement of individual capacity.

Space and tools constitute the technical resources of any human activities and define the context where activities take place. Kirsh, (2001) defines with activity context a structured amalgam of informational, physical and conceptual resources whose interactions are not clear yet. Understanding the network of relations between the several components that make up a collaborative system represents the intent of many researchers in the area of Computer Supported Collaborative Work, CSCW, in order to plan a proactive approach to the design of technological and organisational solutions for collaboration. (Bannon, 1992; Bannon and Hughes, 1993; Grudin and Poltrock, 1997).

While Human Computer Interaction research focuses on the study of the partnership between individuals and technological equipment and on the interaction engaging single users and considerably small equipment (Bannon and Huges, 1993), CSCW, on the other hand, embraces a broader spectrum of human activities. The intention of supporting collaboration as it occurs in the real world and through real practices involves a redirection of the analytical tools employed in the research and a new range of methodologies for the collection and analysis of data and evaluation of users experience. 

Extending the territory of observation for studying co-operative activities results in the identification of a new unit of analysis as a complex arrangement embedding artefacts, emergent behaviours and mediation.  In order to consider such unit of analysis, the required paradigm of cognitive science to frame such study needs to be enforced by approaches that allow a broader view on the phenomena under analysis involving disciplines and new methodologies able to enrich the insights about collaboration (Bannon, 1992; Suchman, 1983). In this venture cognitive theoretical framework such as Extended Cognition in conjunction with disciplines as Anthropology and Ethnography support the understanding of medium-to-long-term user study, involving participants in real settings and under natural circumstances.

A further tenet within CSCW community, is that designing technology is not just about designing artefacts but also social practices and possibilities that are realised through their employment (Flores at al., 1988). In this perspective, space is the setting surrounding us. Nevertheless, it is not just through the physical properties and the interactions between space, artefacts and human body that we construct a meaningful environment to our activities. We perceive and understand the workspace not just by looking at the locations of artefacts and at the three dimensional arrangements, but also by making sense of the resources and of the way we can use them (Harrison and Dourish, 1996).

Space seems to be the structural preconditions for the arising of a socio-cultural reality: the place, a collection of people, believes, rules, artefacts and interpretations. It is through ethnographically oriented studies that this research tries to glance at different activity contexts in order to understand how artefacts and space affect the settings where collaboration occurs.

THE THORETICAL FRAMEWORK

With the intent of simplifying the analysis of complex phenomena, naturalistic approaches have confined the study of cognition to lab experiments and observations. This selective attention to some aspects of human activity has neglected the complexity that shapes our cognitive capabilities, which are intrinsically linked to the social and historical context where they occur.

Several schools of thought, motivated by the intent of re-contextualising human intelligence, identified a larger unit of analysis able to account for the role of external resources in the moulding of human plans, actions and collaboration. 

A composite theoretical framework labelled as Extended Cognition has bought forward the concept of mediation where physical and cognitive tools are considered as catalysts and products of the higher human psychological functions. Tools are embedded into the relation we establish with the outside world changing the nature of the interaction with it. Once they are embedded in activities, artefacts are mediating links between individuals and the world. Vygotsky (1978) and the Soviet School of Cultural Psychology have the merit of identified a complex unit of analysis, the activity, as a triad of subject-tool-object, that was further developed by the Activity theory, AT. 

Although inheriting and profoundly appropriating the cultural aspects of the Soviet Psychology, AT turns its attention to collective activities, expanding the basic ideas of artefacts and their mediation in everyday life.

The basic triadic relation subject-tool-object identified by the Soviet School is stretched with the intention of embracing a broader context that provides the configuration of resources involved in human performances. Within the network established by the components of the activity system, artefacts represent the media supporting our cognition and the loci where it is externally distributed.

The augmentation operated by the AT creates a more comprehensive understanding of the artefacts’ mediation between people and context and therefore generates a more predictive framework for informing the design of artefacts. Tools as not mere filters through which we perceive reality, but they help define our objectives and ultimately our identity.

A more radical perspective on human activity is taken by Situated Action, a theoretical framework that finds its origin in ethnometodology and branches from traditional cognitive science, rejecting the tautology for which “cognition is just computation” (Suchman, 1987; Lave 1988). Situated Action is a radical account of human behaviour that is not based on plans or on cultural universals but on the situatedness that characterises human acting (Salomon, 1993). The emphasis of the approach resides on the interaction between the individual and the environment (Nardi 1996), resulting in a new unit of analysis: the person-acting-in-setting (Suchman, 1987). The contribution of Situated Cognition to the overall theoretical framework resides in its interpretation of human activity as contingent re-orientations of resources performed in situ. This is to achieve the most suitable arrangement that allows us to undertake a potentially successful next step in the course of action. 

Suchman (1997) suggests that activity is an emergent phenomenon whose values are developed at the same time that the activity unfolds. Activities are not driven or structured according to preconceived plans. Once we are engaged in an event, we try to direct its course in an opportunistic way, in a step-by-step computational process performed within the immediacy of the situation we are experiencing. The specificity of the circumstances where the activity occurs can not be transcended. Situated Action accounts of actions as if they are always determined by material and social circumstances (Greeno, 1993). Thus our activities can not be fully understood if their study transcends the context where they occur. This makes human actions unpredictable to determine, while consistency can be found in the set of transformations aiming to structure the resources for the activity. For Situated Action, the achievement of intelligent strategies is based on the use of circumstances and this provides a correction to the simplified view that cognitive science has held. The elegant theoretical structure of traditional cognitive science is rejected and reveals its fallacies when human action is studied as a phenomenon not solely centred on human mind.

The contingent nature of human cognition has been further investigated by a cognitive approach, Distributed Cognition, DCog. The framework emphasises the distributed nature of cognitive processes and the transformation that information undergoes in order to get into a specific format that is the most appropriate for the performance of a task. DCog incorporates external and internal resources into a larger cognitive system, the socio-technical system, where human and technological components are both regarded as media for information representation and transformation, despite their intrinsic differences. The socio-technical system is based on the principle that components, being they humans or technologies, hold information representations that are manipulated, co-ordinated and propagated, changing the state of the overall system which, by a set of transformations accomplishes its cognitive task. People and artefacts are media that carry fragments of information that are necessary for the ultimate goal of the socio-technical system. 

It is through observational studies that DCog promotes the understanding of complex cognitive systems with the intent to discover strategies that a distributed cognitive entity opportunistically chooses to take in order to achieve the desirable state, given its environmental circumstances. Artefacts change the nature of the task making them less ‘cognitively expensive’ by engaging human skills that are not limited. In ideal situations we delegate to the environment and to the artefacts the load of information we cannot mentally deal with, and the processes we can not compute internally, yet being able to achieve an effective performance. 

The theoretical approach of Extended Cognition configures a new landscape for the study of intelligence as a property that is manifested as people in action. With the intent of establishing the realignment of mental and physical nature of human intelligent behaviour, the Soviet school of Psychology, Activity Theory, Situated Action and Distributed Cognition shorten the distance between theoretical apparatus and the realm of design of new information technologies. The aim is to stimulate a theoretically informed design (Hollan at al 2000) which accounts for the social and environmental embedded nature of human cognition. 

COMMON INFORMATION SPACE FOR COLLABORATION

The need for a larger unit of analysis in order to analyse cognition finds application in the concept of Common Information Space, CIS, which extends the same concerns to the area of CSCW. Bannon and Bødker (1997) identified Common Information Space, CIS, as the shared informational environment required for grounding the communication and co-ordination of cooperative activities. 

CIS is meant to refer to both the artefacts that carry information, the representation of information, and the meaning attributed by the user to these representations in a shared space. The value of utilising the notion of CIS in understanding collaborative work in situ is its focus on the seamless interweaving of people, artefacts, information and activities.

Sharing information for collaborative activities can lead to problematic situations in either co-located or distributed settings (Reddy et al. 2001). When actors are physically and temporally separated, expensive strategies need to be employed in order to package the relevant context of information that needs to be communicated. Interpretation and negotiation problems can also arise if participants, sharing the same space and timeframe, do not work toward a common interpretation of the information at hand. 

As identified from this study physical proximity and co-location offers in reality a far superior and richer opportunity to enforce social interactions while performing collaborative activity. The observations revealed that the establishment of a social dimension of work enriches the context where the activity occurs, facilitating the overall group performance. Artefacts and space seemed to play a central role in the physically centred workplace since they represented external props useful for the management of the collective knowledge. Artefacts and space functioned as external interfaces on which individuals are able to accomplish information manipulation without loosing the collective dimension of the performance, therefore maintaining a high degree of mutual awareness within the group. Also the artefacts employed provided facilities for embedding relevant information and processes, hence keeping record of the team performance. 

By returning to the notion of CIS we hope to tease out from our field research a greater understanding of the difference between a physically supported collaborative space, with its rich resources and a virtual, distributed or mobile collaborative space, which all tend to function in a more impoverished form. In doing so we highlight why the current design of information technology that users employ in such spaces do not truly support their current collaborative needs.
METHODOLOGICAL CONCERNS 

In order to capture the complexities of the various CIS under investigation, ethnographically inspired fieldwork observations and interviews were undertaken to document users' activities, their context of work and the artefacts they employed. The first study in the research focused on three design teams co-located and distributed; while the research on mobile work turned its attention to collaboration in knowledge work in a variety of remote and mobile settings - such as at the airports and on the trains.

The field data collection spanned approximately eight months. Observational work was supported by methods such as digital video recording of events; digital photography, contextualised interviewing and participatory user data reviews which help capture the richness of interaction that was occurring in the various CIS under review.  Furthermore, participants took part in collaborative sessions where they reviewed some of the observational data and offered valuable insight and understanding of the critical collaborative scenarios observed. These served to highlight implicit work practices and workarounds elaborated in the attempt to avoid the disruptions that the use of technology in collaboration can cause. 

Co-located and distributed collaboration 

In order to select the study sites, it was important to take into account some considerations that have methodological and content relevance to the research. Firstly we aimed to select organisations that could provide the opportunity to follow an entire project or at least a well identified phase of it in order to see the establishment, evolution and maintenance of the co-ordination patterns. Also it was worthwhile pursuing the opportunity to observe more than one team in order to compare and contrast the different way of organising collaborative work. 

We tried to frame the study within a consistent domain of observation: therefore, three organisations were selected on the basis of the activities they performed. The overall choice was made considering the nature of the collaborative activity as the most important aspect to emphasise for the selection of the work context(s) to observe. This in order to avoid too many differences that would not allow the comparison of the observations.

The three teams that were shadowed were all involved in design activities of different types, as listed below:

-  the conceptual design of an  information appliance; 

- the engineering design of an innovative public building;
- the design of a new set of national standards in construction procedures.
Mobile Collaboration

The mobile-work study drew on ethnographic techniques in the social sciences and HCI to investigate the use of mobile voice and data connectivity in the real world settings of mobile workers. It examined the nature of mobile work and how mobile technology is, and can be, integrated into the lives of workers on the move.
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Figure 1: On The Move – 

Telecom Engineer using a GSM Laptop in the car.
The research involved the investigation of mobile work activities in various locations and domains both nationally and internationally. We opted for a mix of participants to observe and interview: male/female; skilled/semi-skilled, self-employed and employees. This was complemented through the use of unstructured contextual interviews in Glasgow and in London for a further 15 participants who were questioned about artefacts that they have used, generated or collected in their work, to allow them to meet their information and communication needs.
In conducting our research contextual interviews were used to focus on what people actually do, rather than what they say they do. Contextual interviews are unstructured and informal in nature  - although they have an entry focus to facilitate the collection of relevant data for understanding the underlying essence of the work people do (Holtzblatt and Beyer, 1998). The participants were interviewed in their usual working environments, where they are surrounded by their everyday work tools. 

Affinity diagramming and consolidated models from contextual design were used to reveals common strategies and intents across groups of users after the data was collected, while also retaining and organising individual differences through the representations of artefacts and workflow models.
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Figure 2: Colour-coded Affinity diagramming used to establish themes across different users.

INSTANCES OF COLLABORATION 

Four diverse instances of collaborative work emerged from the observations:

· a physically-centred collaborative space (the project space), a dedicated environment where a group of professional designers collected and manipulated information in order to support their activities; 

· a virtually maintained space, resulting from the combination of web application and tele-video conferencing technologies for the collection, retrieval and storage of organisational knowledge to support problem solving activities; 

· a locally distributed space arising from the collected use of several digital devices (mobile phones, faxes etc.) and protocols of communication (circulation of the people, email, snail mail etc.) in order to overcome the obstacles; 
· an ‘on the move space’, supported in terms of communication by laptops, mobile phones and PDA /phone hybrids.

All the instances of collaborative space observed in this study do not find counterparts just in the physical world. They resemble more a collection of established organisational practices and technologies used to achieve collaborative tasks. This observation led us to postulate that we cannot rigidly define collaborative space by simply considering its physical boundaries. This consideration thus directed our research towards the identification of those tasks that make up the dimensions of collaborative work and of those features that seemed to be crucial across the field observations in supporting collaboration.

By the comparison of the work practices in the four studies, the first observation that can be drawn is the richness of opportunities offered by the physical informational space. Subsequently we provide an account of the reasons that we believe underpinning the advantages offered by the physical space. We also illustrate how collaborative activities are impinged when supported by the current technology.

FINDINGS 

The nature of the interaction between the human body and the surroundings, and its features and limitations (e.g. proximity, presence, limited field of vision etc.) intrinsically enable and guide us to spontaneous actions on which physical informational workspaces are based upon. Humans scaffold the environment around them and structure the resources in their surroundings in order to create the best structural conditions for the performance of their activities. In addition to this, humans are able to culturally interpret the environment they live within (gathering the social settings and implications of the situation they act in) and select the appropriate behavioural strategies (Kirsh, 2001) for a successful social existence. The features that artefacts display within spatial reference are summarised in two categories: 

· Cognitive scaffolding, mechanisms of structural coupling that people and artefacts established in order to make the environment suitable for the performance of collaborative tasks. The team intentionally adopted resources that afforded particular modalities of work requiring proactive involvement reflected in the structure of the project space. The support of the external representation of the collaborative knowledge and the explicit mechanisms necessary to manipulate it increased the team performance by supporting computation, choice, perception as well as access.

· Conversational support and creation of narratives, providing an underlying thread to the whole design activity.  This contributes to the contextualisation of information, hence interpretation of distributed knowledge, even beyond the circumstances in which it was generated. The shared informational context facilitated the usage of information, the orientation of the individuals toward a communal goal. This also extended the trajectory of use of the information representations, since people participated to the creation and the evolution of the resources available.
Cognitive scaffolding
Kirsh (ibid.), in applying the metaphor of biological systems, considers offices as ecologies where structures and cohabitants evolve simultaneously and each components of the system has a causal influence on the others. These adaptations within ecological systems are called structural coupling. By applying these strategies, individuals scaffold the environment in order to facilitate cognitive tasks.
Dynamic reconfigurability of the space 

The relevance of the project space in supporting cognitive processes does not reside uniquely in the arrangement of information that physical space can embody, but also in the scaffolding processes that the physicality of the space and resources can allow.

The use of paper based artefacts was extensive for the team benefiting from the use of a physically centred space. Foam boards in conjunction with pins and post it-notes represented common resources for the display and organisation of information. Due to the lack of technological artefacts in the room, people were also forced to transform any information in paper format in order to bring it at the common space. In one occasion the dynamic reconfiguration of post-it notes was observed as a result of a collaborative session for the organisation of a workshop. The nature of the paper-based artefacts prompted an exploratory strategy that more committal tools could not afford due to the investment in terms of time and effort that they require to be manipulated. The exploration of several options led the team to reach consensus on the basis of a collaborative evaluation of the common work.

Macromobility and micromobility of artefacts

The advantage of employing lightweight artefacts dramatically increased the mobility of the work practices, allowing a more fluid transaction between individual and collaborative stages of the project. As a result of the task distribution, each team member had to research and to develop specific ideas that were roughly represented on the boards by a collection of post-it notes, sketches, and  prints-out that the team produced. With the attribution of specific ideas to the team members, the project manager made them directly responsible for the resources available in relation to the concepts to be developed. Even if temporary, the individuals exercised ownership on the boards hosting the concept that was delegated to them. Rather than dismantling the information collected on the boards, each individual preferred to move the board relevant for his/her task downstairs to the personal workstation where they assisted the activity. It needs to be remarked that the feasibility of this degree of mobility (macromobility) interfered with the integrity of the project space, since many boards were missing when individuals were working on them. Another aspect of the concept of mobility is micromobility (Luff, & Heath, 1998), which is the orientation of documents in order to allow shared visualisation and access during collaborative activity. Features like the size, the weight of the artefacts and the lack of connection to any info-structure, account for the dynamic use of the board. Foam boards allowed visibility and access to many users at once even from a considerable distance and facilitated any required shifting of the devices to achieve the best location in relation to the task performed.

In contrast, the observation from the mobile study illustrates the inflexibility of digital technology when compared to the dexterity of paper based artefacts. On their way to the United States an academic and his student were collaborating over changes to a PowerPoint presentation for a conference. 
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Figure 3: Working on a joint presentation utilising the available resources in the departure lounge.
The figure above show an academic and a student sitting around the lecturer’s laptop at the airport lounge. He has placed the laptop with the PowerPoint presentation on the nearest table surface - a surface normally used for hosting refreshments. The laptop was moved towards the student just when her contribution was required. In one instance, the lecturer, in order to allow the data entry, moved the laptop, changing its orientation in order to allow the student to physically interact with the device. For the rest of the ad hoc meeting the screen faced one of the participants giving him complete control over the device.

While, there is slightly more flexibility and portability of the laptop computer than is possible with a traditional desktop computer, the collaboration is still very much tabletop bound, relying on the limited micromobility (ibid.) that the device provides. Moreover, the scenario reveals how single user interfaces are inadequate for collaborative work since they empower only one of the participants,  who retains the control of the activity.

Integrated surfaces for storage and display 

Artefacts such as whiteboards, foam boards, flipcharts in combination with post-it notes supported face-to-face discussions as well as the performance of any information manipulation on their surface by the rearrangement, creation and deletion of pieces of information tokenised in the modular post it-notes. The performance of the tasks led to new reconfigurations of information displayed on the artefact surface while the task was being performed. Beneficially, the artefacts allowed a double parallel function: the collaborative performance of the tasks and the record and display of the outcome of decision-making process, without any additional effort. The informational resources became more complex since they progressively represented the history of the activity performed on their surface serving the additional functionality of being visual project archives.

The benefit of using easy access storage is remarked when compared to the work practices adopted in the study that we labelled virtually maintained space. The team adopted a web-based application in order to create a common space where to upload and store the project documentation. All the team members had limited access to the documents in relation to the domain area relevant for their contribution. The overall management of the site was responsibility of the project manager who attributed privileges of access. The result of such work was an arbitrary filing procedure, which led to difficulties in retrieving the files. This problem hindered the level of awareness and participation of the team members slowing down the rhythm of the collaboration.

Conversational support and creation of narratives

Communication is one of the key factors in establishing and maintaining collaborative work. The integration of external resources had repercussions on explicit and implicit communication strategies, namely: the general increase of active participation among group members in meeting and presentation settings, and an improved level of mutual awareness for other people tasks underlying the overall design activity.  

Presentations

Presentations rarely involved just oral narratives, especially in domain such as design where graphical content is likely to be displayed. Toward the end of the project, the team working in the physical project space begun to plan the final presentation for the remote end-user. The format was changed twice and lots of effort was spent in carefully selecting the most appropriate combination of media in respect to the message that the team wanted to send across about the company and the work done. The first option was a poster size presentation where all the twelve concepts produced by the team could be laid out. The disadvantage of such format was that an A0 did not provide sufficient support for visible textual information in a group situation. Failing the first, the second possibility was an A2 size sheet for each concept. In contrast with the A0, the A2 paper could provide a broad space for the allocation of the information. On the other hand, this would have constrained the speaker to follow closely the contents on the A2 paper, binding the audience to the rhythm of the storytelling. 

In order to allow a more independent modality of browsing the information, a third option was designed consisting of an A4 size booklet containing the 12 concepts, to be distributed prior to the presentation. Although the booklet was very detailed it was a static picture of the team knowledge, a ‘crystallised collection’ of the ideas that could appear to be closed and definitive. The intention to distribute the booklet before the actual presentation was determined by the desire of making the audience aware of the starting point for an open discussion to follow. The discussion was meant to be supported by a power point presentation delivered as a collection of prints-out rather than a projected file. By engineering the media involved in the presentation, the type of conversations and the rhythms of the talks are affected.

Meetings

An important observation from the physically centred field study was the relevant use of foam boards in structuring and managing information during meetings. Meetings were not just an opportunity to co-ordinate each others work, but more importantly to actually perform work together. This involved the management of information collected and displayed on the boards that provided a large surface for amplifying the interface where the tasks were performed, hence the boards allowed parallel multiple access for the manipulation of the material collected. Moreover, the large display area of the foam boards enhanced the visibility of the information to all group members at the same time, providing a consistent reference for the team performance. The robust and shared view of the information provided a solid anchorage to the group discussions, keeping a continuous recall to the main topics to be discussed. The boards also contributed to a symmetric control and democratic participation, since individual ownership of the conversational resources cannot be exercised as such on the foam board as it happens on paper or digital documents.

As mentioned in the scenario of the mobile collaboration, access to the devices and therefore to the information is controlled by one of the participants due to the intrinsic design of current technology. The exercise of ownership upon the laptop also dictated an asymmetrical participation in the discussion (Fig.3).
Although authority usually manifests itself as the physical proximity of the interlocutor to the informational resource, the use of boards cannot be categorised as an instance of the above phenomenon. Due to their size, boards are recipients of information collected by the team and for this nature, cannot be individually owned, unless they are assigned from the team to a specific member. Promoting ownership upon the boards is also cumbersome and in contrast to the values of the culture of the involved organisation. It was rather the occurrence of a distributed control of the resources, where instead of the speaker, it was the team member who was closest to the board, to perform the manipulation of the information according to the group decision.
In the above activity scenario individuals were involved in a collaborative task which required parallel decision making process and manipulation of artefacts. Differently, the inflexibility of using multiple devices in a remote collaboration is manifested in an instance coming from the mobile study. 
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Figure 4: Using multiple devices for remote collaboration 

A remote worker (Fig.4) was observed trying to make the best use of what has traditionally been perceived as “dead time” through the use of “planful opportunism” (Perry et al, 2001).  While she was entering data into an Excel spreadsheet she checked with a remote collaborator the correctness of the information. During  a phone call lasted twenty minutes, she also transcribed  manually some data from her PDA into the laptop. Although the artefacts she needed (paper notebook, laptop, PDA and mobile phone) were within her reach, the coordination of the artefacts was difficult. The fact that she did not use a hands free kit further constrained the level of her productivity and effectiveness. 

The cumbersome use of multiple devices was somehow predicted by the mobile worker. Although placed in a very noisy location, the table selected could be a potentially extendable work surface by utilising the adjacent free table, should she need it.

Discussion
We cope with a saturated physical environment that is crowded with people and things. We manage such complex circumstances by structuring the resources and focusing our attention according to the structure of our priorities and by maintaining peripheral awareness on the sources of information that are not directly relevant for the current activity we are undertaking. Designers have tried to implement the same interaction in virtual environments, however, the advantages of physical modalities of interaction can not apply to a virtual and distributed contexts, that being, do allow the embodiment of cognitive strategies as real workspaces do.

The implementation of new technology seems constrained in two main directions: (i) the oversimplification of the partnership that humans establish with the physical space and (ii) the generation of expensive strategies that individuals need to elaborate for backing up technology when they breakdown.

The integration of information, architectural structures and organisational practices found an effective balance in the physical centred space that, as we observed, supported collaboration at social and cognitive levels. The physicality of the collaborative space represents its strength as well as its limitation. Physical space can embed only one structure at any one time and can be expensive to organise and maintain, in addition it can not be accessed remotely. In these limitations we found room for improvements that new technology should promote.
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