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ABSTRACT

This paper put forward an argument that a top-down approach to virtual research environments suffers from a number of shortcomings. A grass-root view is presented as an alternative starting point for designers of future research environments. It may help uncover some of the gaps between the work pattern/behaviour of researchers and the provision of IT environments for a sustainable research community. The concept of a researcher’s ‘affinity radar zones’ is proposed as a way for visualizing and analysing these gaps.
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INTRODUCTION

The inception of ‘virtual working environments’ or ‘collaborative work environments (CWEs)’ in the mid-nineties has provided a popular model for supporting collaborative working. The idea of people who are not co-located would be able to convene virtually and pull their resources together certainly has its attraction. In particular, it promises a mechanism for an institution /organisation to ‘manage’ their knowledge-based assets more effectively. Common workspaces, synchronous and asynchronous communication tools, document management systems, amongst others, have been tried and tested in different settings [5,7]. 
These environments have worked reasonably well when users mainly collaborate with fellow colleagues in the same institution (e.g. the use of groupware such as Lotus Notes in large organisations). However, as the number and variety of these environments increased, and when a user collaborates with others across institutions, a number of issues have arisen. For examples, a user might need to grapple with the different environments when working with different groups; or it might be impossible to provide access to a member of the group as that member is seen as ‘external’ to the institution which provides the environment. Researchers, as a user group, are more likely to face these barriers as it is the norm for them to work with others across one or more institutions. This may partly explain why sustainability of these virtual research environments (VREs) has been an issue.
This paper examines the reality of using virtual research environments (VREs) amongst the day-to-day research activities from the view of individual researchers.  It begins with an attempt to characterise ‘typical’ research activities and use them as a baseline for analysis. A grass-root oriented framework for analysing the effectiveness of current computerized tools / environments to support these activities is proposed. 
nature of research work
In this paper, the focus is on the support for work undertaken by research active staff. Staff with principle roles in support and administration are not within the scope of this paper.  As a starting point for discussion, below is a typical list of research activities for members of research staff based on the author’s experience and observation over the years [ 2,9,10,12]:
· Acquiring and managing own set of readings and/or research materials for easy retrieval;
· Conducting the actual research enquiry (empirical study, theoretical analysis, field experiments, forward planning and so on.);
· Disseminating and archiving research output;

· Sharing material / ideas with others;
· Validating or evaluating work done by others; 

· Identifying and securing funding for further research work;
· Managing the research process (ranging from regular team meetings to keeping individual research log book).
An in-depth study of researchers within a particular university was undertaken to establish the user requirements for an institutional VRE as part of a research project EVIE [11]. The findings also identified most, but not all, of the above activities. The focus of EVIE was to provide institutional support throughout the whole research life cycle which was broadly group into 4 stages – Resource Discovery, Obtain Funding, Collaboration with Partners and Research Output [6]. Links with the administrative and library support were a crucial element.
What is An environment - VRE versus CWE
Detailed descriptions of the current thinking for VRE and CWE can be found in [8] and [4] respectively.

An obvious similarity between VRE and CWE is the word ‘environment’. In systems theory [1], a boundary is drawn around the ‘system’ of interest, and any systems outside but relates to the system-in-focus are considered as its environment. This implies that no definite boundary surrounds that environment. However, in computing, the word ‘environment’ has been used in the context where there is a surrounding boundary and the users are expected to operate solely within it (e.g. an ‘application development environment’). In a way, both VRE and CWE are also examples which adopt the latter view. This view can be at odd with a user’s view of an environment which may not have a boundary.
When one concentrates on the relationship between VRE and CWE, the following observations can be made:

· CWE has its root from CSCW [7] and caters for a broad and generic range of collaborative work such as sharing documents, discussing and exchanging ideas, and automating routine workflows. Most of the supporting tools are being incorporated one by one into VREs (see figure 1, the moving boundary between B and C).
· Researchers are increasingly using software tools for their work, but these tools can be very specific to their needs. Some may be collaborative tools for a specific type of analysis or modeling (e.g. collaborative visualization tool for medical images), hence not usually obtainable in current CWEs (i.e. these specialised collaborative tools are currently in area A in figure 1). But in most cases, researchers may use standard stand-alone packages or develop their own applications over a long period. It can be argued that these tools should be incorporated in a VRE but not necessarily in a CWE (i.e. these tools should remain in area A of figure 1).
Challenges
From the previous section, two areas of conflict can be deduced between the users (researchers) and the VREs.
Conflict 1: Researchers do not envisage a hard boundary surrounding their research ‘environment’; whereas VREs usually have put a boundary around their provisions. This conflict explains the resistance for researchers to participate fully in new VREs as managing these disparate environments can be time-consuming. This indirectly has an impact on the quality of ‘content’ in these environments as researchers may not update their contributions as frequently as it could.
Conflict 2: Generic versus specific support. VREs usually aim to provide tools that would be used by most of their users (i.e. generic) and struggle to satisfy minority demands (i.e. specific). However for researchers, the ability of meeting their specific requirements may determine if a VRE is usable or not. 
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Figure 1 Relationship between VWE and CWE

The challenges for computer scientists to resolve these conflicts include (i) the need to break down the barriers between the disparate virtual environments; (ii) if the boundary surrounding  B (as in figure 1) can be expanded even further; and  (iii) to enable researchers to seamlessly moving between A and B in their work.

However, the challenge for a research community (usually for the few core active members) is to determine what benefits should be provided to attract its members to participate virtually in a sustainable manner. 
Understanding the individuals who made up the research communities

To meet the above challenges, it calls for a better understanding of the support needed by researchers.

Carroll et al suggested that “communities of practice can be densely interconnected but relatively inert social networks, or they can be vague subsets in a broad network of diverse individuals.” [3]. This is particularly true in the context of research communities where highly specialised individuals assemble sporadically. In this boundary-free environment, a grass-root approach in requirement analysis may produce a more accurate picture of the needs and problems facing the researchers in remote collaborations.
Secondly, in order for a community to be sustainable, participation of the core set of researchers and ways to bring in the newcomers must be supported effectively. By starting with the individuals and mapping their connections through the enactment of selected collaborative events/scenarios, active members (established or new) can be traced and identified. Eventually, a more useful picture of the community (and related communities) can be pieced together. By careful selection of collaborative events/scenarios, these can act as a temporary boundary for a VRE which is useful for that particular community. With a flexible VRE architecture, its boundary can evolve organically over time.
A researcher’s affinity radar zones

The concept of ‘affinity radar zones’ is introduced here to help detect any likely problems facing a researcher when using a VRE (in particular, with the boundary issue or with the provision of collaborative tools). By auditing the resources required by a researcher for carrying out a particular set of research activities, it will make explicit the tacit knowledge of common practice in a research community. Resources in this context include human expertise, publications, datasets, software tools, computational resources and so on. The use of these resources will be put into the context of each of the collaborative scenarios respectively.
Diagrammatically, the affinity radar zones for a researcher can be depicted as in figure 2. 
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Figure 2 A Researcher's Affinity Radar Zones
The centre of the radar picture is reserved for resources owned by the researcher or by the other members of the researcher’s research team(s). 

On the left hand side of the radar picture, there are two zones which have implied rights and responsibilities for the researcher:

(i) for resources which exist in the current institution(s) that the researcher is currently affiliated to; and 
(ii) for resources that exist in the institution(s) that the researcher belonged to in the past. 
On the right hand side of the radar picture, there are three zones:

(i) for resources available to the researcher via collaborator(s) of the current project(s); this typifies an essential need for cross-institutional collaboration;
(ii) ditto but via collaborator(s) of the past project(s); the links between the research and the collaborator may be live, dormant or dead; and

(iii) for resources made available to the researcher by other members of the research communities, professional bodies, special interests groups, publishers, resource gatekeepers (e.g. the National Grid Service) and so on.
Surrounding these zones is the wider environment which may also provide some of the resources required (e.g. via the Internet and the WWW).

Using the Affinity Radar Zones picture as an analytic tool
The first step is to define a collaborative scenario and take radar scans for the participants identified. The dependency of the researcher on the collaborator/resource is inversely proportional to the distance between them. See figure 3 for an example. 
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Figure 3 Affinity Radar Zones for Researcher A (scenario 1)
The second step is to inspect the range of different environments and tools used by the researcher by looking at the areas within close vicinity (highlighted by a dark circle in figure 3).  
The third step is to assemble these individual radar scans into a community map (see figure 4). Further analysis is then possible to examine the role of each of the nodes in the community map and the complexity within each link (such as the tools being used and the type of data transmitted).
The outcome should provide rich information for the designer of VRE to prioritise features and the infrastructure support to be provided.

However, the following should be noted while applying these scans:

· These scans are only snap shots at a particular time and movements are expected over time. However, if these scans are tracked over a period of time, it will provide information on the real dynamics of the research community.
· Do not overload the initial scans with details. Further investigation should be left to the next stage of analysis.
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Figure 4 Converting Radar Scans into a Community Map

Conclusion
Top down approaches have been common in the design and development of VREs. However, the requirements gathered tended to cater for the institution’s needs rather than the individual researcher’s needs. Failing to address the reality faced by researchers can cause low user participation, hence  leaving behind a number of inactive online communities in the cyberspace. 

This paper has proposed a concept which enables a grass root view to be assembled step-by-step. The aim is to provide the designers of future VRE another perspective to consider while making design decisions for the infrastructure and the features of a VRE. 
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