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Abstract

Collaboration support for knowledge-intensive work such as e-
Research is still very fragmented and collaboration across organisa-
tional and disciplinary boundaries is difficult to achieve. We sketch
out a programme of research that will build on existing work in the ar-
eas of collaborative work environments and virtual research environ-
ments to overcome these problems by focusing on conceptual issues,
(design) methodology and technology development.

1 Introduction

Working practices in knowledge intensive domains show a tendency to
evolve from being centred around individual activities to work conducted in
teams and further to community based efforts. A prime example is e-
Research', where the notion of the “virtual organisation” organised around
particular scientific collaborations spanning organisational (and often na-
tional) boundaries underpins a vision of a transformation of research prac-
tice. e-Research is by definition a collaborative activity that combines the
abilities and resources of distributed groups of researchers in order to
achieve research goals beyond individual researchers or local groups. Today,
e-Research spans activities in physics (Schissel 2005), astronomy (Walton et
al. 2006), crystallography (Coles et al. 2005), oceanography (Haines ef al.
2006) and biomedical research (Goble et al. 2003) but also in econometrics
(Peters et al. 2006) and archaeology (Clarke et al. 2005), to name a few of
many examples. Often, e-Research not only spans geographical and organ-
isational but also disciplinary boundaries. An example is the Integrative Bi-
ology project which aims to build multi-scale models spanning the molecular
and cellular level to tissue, whole organs and their functioning in the organ-
ism (Lloyd et al. 2007).

Most researchers use common tools such as email or, increasingly, instant
messaging and simple web-based tools such as wikis. Some groupware tools
such as BSCW (Bentley ef al. 1997) are also used, often offered as institu-
tional collaboration platforms for the benefit of all their members, be they
involved in research, teaching/learning (Appelt and Mambrey 1999, Budweg
et al. 2006a) or administration. Some e-Research technologies have also
been designed specifically to support collaboration, for example, the Access

' We follow the recent trend to speak about e-Research rather than using the term
e-Science as we wish to explicitly include research activities outside the sciences,
e.g. in arts and humanities.
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Grid Toolkit (Childers 2000) while other tools such as storage resource bro-
kers support collaboration implicitly through the data management support
they provide. More recently, and building on the concept of a collaboratory
(Finholt 2003, Olson ef al. forthcoming), work has been undertaken to build
integrated virtual research environments” (Fraser 2005, Borda et al. 2006,
JISC 2006) with the aim of supporting collaboration across organisational
and disciplinary boundaries over the whole research lifecycle.

However, it is probably fair to say that current collaborative tools (with
the exception of email) are still not widely adopted, that they offer little in-
teroperability and that they lack support for the integration of work activities
within larger and dynamic contexts as envisioned by e-Research. They are
therefore ill suited to building the shared spaces that are needed for research
collaborations to thrive and for researchers to organise their daily work in a
meaningful way that is organised around the work they do and the contacts
they have with different collaborators in different contexts (Prinz et al.
2006). Consequently, building collaborative workspaces for research, be it in
order to address a specific research question or to support research practices
more generally, requires significant one-off effort because of the lack of
interoperability between the individual components. In addition, the result-
ing fragile assemblages of different tools with different interaction styles and
underlying models of collaboration often fail to produce useable and useful
spaces for collaborative activity.

From a user’s perspective, it is a common observation that collaboration
support is currently not seamless and ‘invisible’ but requires a lot of atten-
tion in terms of agreeing the use of tools and appropriate ways of using them
(Prinz et al. 2006). At the same time, research contexts are becoming more
complex in terms of the number of collaborating researchers, the number of
data sources and other resources, as well as the number of disciplinary and
organisational commitments involved. Furthermore, it is increasingly recog-
nised that (support for) collaboration in research involves complex institu-
tionalised socio-technical arrangements and that the wider context of the
social organisation of research is an important factor (Star and Ruhleder
1996, Lee, Dourish and Mark 2006, Hine 2006).

The vision of e-Research is that research collaborations are also highly
dynamic, assembled ‘on the fly’ as needs and opportunities arise. The notion
of a ‘virtual organisation’ is already well established and researchers are at
the same time considering the use of social networking technologies devel-
oped under the Web 2.0 banner (O’Reilly 2005) to support even more dy-
namic ad-hoc collaborations®. These will require the constant re-negotiation
of different work practices and usage conventions, as well as distributed
tailoring and appropriation of the collaboration technologies involved. This
corresponds to changes in work settings addressed by recent research on
collaborative work environments like MOSAIC and ECOSPACE (Schaffers
et al. 2006, Prinz et al. 2006) in their approach to supporting community-
based work and facilitating ad hoc cooperation.

2 We should note the related concepts of problem solving environments, cyber-
environments and science gateways. For the purposes of this paper, we will use the
term VRE as synonymous to or subsuming these other concepts.

3 In principle, the notion of a VO captures these forms of collaboration as well
but the tools and infrastructures we currently have for identity and rights manage-
ment are still relatively heavyweight which means that most VOs are relatively static
entities.
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If we want to achieve the aim of e-Research as a dynamic assemblage of
researchers and resources aimed at tackling research questions previously
infeasible, then we need to effect a step-change in the way we facilitate and
support collaboration in these new, dynamic work contexts. This involves
building on a solid understanding of collaborative work activities in general,
of research as a particular kind of activity and the specific practices that are
involved in particular kinds of research. We therefore wish to sketch out a
research programme that establishes a link between the communities work-
ing on virtual research environments and collaborative work environments
and helps to ensure that emerging frameworks and components for collabo-
ration are developed in a way that is not only consonant with the principles
of user-centred design but also takes on board existing research in such areas
as computer supported cooperative work or science and technology studies.
A core issue to be addressed is the need to reconcile local practice, innova-
tion and the need for flexibility with (inter-) organisational concerns, issues
of (multi-)disciplinarity and technology supply side concerns such as
economies of scale.

2 Collaboration Support

Today’s collaboration support in many organisations is centred around
email, corporate intranets and groupware systems or project-specific provi-
sion of groupware to support well-defined collaborations between project
partners. As already mentioned, the provision of these tools and the resulting
functionality are often very fragile and fragmented with little support for
integration between the multiple different work contexts that individuals
might be involved in. To overcome these limitations and to support work
contexts that are increasingly dynamic and crossing organisational as well as
disciplinary boundaries, researchers are working on platforms for integrated
collaboration support. In this section we introduce work on collaborative
work environments (e.g., Schaffers et al. 2006, Prinz et al. 2006) and virtual
research environments (e.g., Fraser 2005, Lloyd et al. 2007, JISC 2006) be-
fore turning to our agenda of exploiting overlaps between these areas of re-
search in the following sections.

2.1 Collaborative Work Environments

Collaborative work environments (CWEs) provide “the ability to collaborate
over time and space, within and between organizations or communities [...]
to achieve flexibility by making best use of the knowledge and competences
available” (Ballesteros 2006). One (popular) way of delivering this promise
is through the provision of community portals. An example is the open
Ami@Work community platform, offering members a central place and
defined set of collaboration technologies such as Wikis, Blogs and BSCW
Shared Workspaces. This can help create a common ground for cooperation
and a pre-established shared tool-set, thereby reducing coordination over-
head (which tool to use, for what purposes, and how). In portals, the re-
quirement for the integration of different tools for complex tasks and life-
cycles (e.g., collaboratively sharing and co-editing a word document pre-
pared in a Wiki and announced in a Blog) can be realised by centralised in-
tegration efforts. The Ami@Work community platform, for example, pro-
vides single-sign-on, user profiles and identities shared across applications,
and features for easy interconnection and linking of information and docu-
ments (Pallot et al. 2006). Nevertheless, the potential number of communi-
ties, portals and frameworks poses new challenges. It is unlikely that one
portal will serve all cooperation partners’ needs, so portals can only be a
partial answer to the problem of fragmentation.
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Many CWE projects build on the notion of changing work contexts, mov-
ing from individual to collective / team-based and finally community-based
workplaces with an accompanying vision, that “[within a] few years, signifi-
cant social, organisational and economical changes as well as a relentless
technology evolution will dramatically change [...] the way eProfessionals
work and collaborate. People will no longer work according to chain produc-
tion models but rather more as dynamically and spontaneously assembled
groups of people working together in a collaboration mode, which means a
seamless work to achieve common goals” (Pallot ez al. 2006).
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Figure 1: Cooperation Aware Environments (Prinz et al. 2006)

The EU-funded Ecospace Integrated Project (Prinz et a/.2006) aims to de-
velop appropriate collaboration support for these contexts including architec-
ture, implemented collaboration middleware & services as well as extensions
to existing collaboration tools and new collaboration tools integrating both
asynchronous and synchronous aspects. This collaboration environment will
enable knowledge workers to network and form groups and professional
virtual communities, stimulating creativity and innovation while increasing
productivity. The design activities will be informed through the use of three
living labs* and experiment results for different business sectors, driven by
industry partners and applied research.

Demonstrations and training material as well as a body of documented
experience and methodological know-how gained in their application do-
mains will be used to disseminate findings and inform the development of a
collaboration platform reference architecture and corresponding ‘upper-
ware’. These will enable the interplay and interoperability of collaboration
services and tools in a collaboration environment as well as business process
management, mobile and wearable computing. Results will be contributed to
standards and will foster the seamless cooperation of users within and be-
tween organizations, teams and communities. Ultimately, the aim is to de-
velop a vital community that adopts the results of ECOSPACE and continues
to extend them according to their needs using a developer’s forum provided
at the project web-site. In this way, sustainability of the project’s outcomes
will be ensured and wider uptake of the technologies and standards encour-
aged.

* http://www.openlivinglabs.org
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2.2 Virtual Research Environments

As e-Research technologies mature and are taken up in routine practice, the
question arises how their use can be supported through collaborative envi-
ronments supporting wider research processes rather than merely individual
tasks. Building on earlier work on collaboratories (Finholt 2003, Bos ef al.
2007), virtual research environments (VREs) have been built to explore this
issue. VREs are defined as:

“[a] set of online tools, systems and processes interoperating to facili-
tate or enhance the research process within and without institutional
boundaries. [...] This means VREs will help individual researchers
manage the increasingly complex range of tasks involved in doing re-
search. In addition they will facilitate collaboration among communi-
ties of researchers, often across disciplinary and national boundaries.
The research processes that a VRE will support include: resource dis-
covery, data collection, data analysis, simulation, collaboration, com-
munication, publishing, research administration, and project manage-
ment. Through the use of common standards, VREs will link with the
broad digital context within which they sit, ensuring compatibility
with other key systems such as those of research funders” (Borda et
al. 2006, p. 3).

Note that the definition explicitly mentions elements such as research ad-
ministration and project management that are part and parcel of research
activities but do not often appear in the published literature. On the technical
side there are strong drivers to link VREs with other (institutional) systems
such as administration systems and virtual learning environments (ibid. p. 6).
It is the breadth of this vision that sets VREs apart from earlier activities
which were much more focused on solving specific problems arising from
particular scientific collaborations.

There is currently much debate about ways in which the e-Research
community might benefit from and expand upon ideas developed around
community platforms such as MySpace or Connotea, collectively often re-
ferred to as Web 2.0 (O’Reilly 2005). For example, myExperiment is an
effort to build a community platform for users of scientific workflow sys-
tems (Goderis, Li and Goble 2006), allowing them to share, discover and use
workflows. The aim is to extend the scope of myExperiment over time to
include adaptations to the specific needs of other disciplines such as chemis-
try, social science and astronomy. This aim is underpinned by an understand-
ing that there are similar needs in different disciplines that relate to the need
to manage the reuse of artefacts (such as workflows) and to provide a space
for research communities to develop and foster collaboration in a flexible,
tailorable environment.

As the needs of researchers are constantly changing and difficult to pre-
dict, it is unlikely that VREs can be built and produced as single applications
in the same way as virtual learning environments are today being installed in
many higher and further education institutions (Fraser 2005). Rather, it is
more likely that components making up a VRE will be implemented at a
number of different levels, for example as (part of) supporting infrastructures
at a national level, within universities or other research institutions or at a
disciplinary level. These components and wider infrastructures will then
need to be configured to support specific projects or networks of collabora-
tion around particular research topics or scientific challenges.

3 Designing for Collaboration in e-Research

Collaboration has always been at the heart of the e-Science vision (Jirotka et
al. 20006), to the extent that it has almost been taken for granted that research
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is a collaborative activity and that collaboration is desirable and useful.
Some recent studies have started to unpack the role that collaboration plays
and have observed that research practices are not simply and unreservedly
collaborative and open but that researchers are quite deliberate and careful
about just when and who they share and collaborate with (Carlson and
Anderson 2006). Instead of treating collaborative behaviour as a given, we
need to start to unpack the different ways in which researchers make choices
about collaboration and just what collaboration might mean in a particular
context. The question is how environments for research can be designed so
as to facilitate and support the formation and work of virtual organisations
addressing complex research questions. Clearly, this process needs to be
shaped in a way that allows designers and users to attend to the working
practices involved and to the ways in which these change as research pro-
gresses (Carusi and Jirotka 2006).

The increased emphasis on sharing of resources and reuse of data and ar-
tefacts such as workflows or scientific software raises issues of ensuring
their provenance and quality as well as security, confidentiality and appro-
priate use. As previous work on the use of electronic records in healthcare
has shown, these issues are intimately tied in with peoples’ working prac-
tices, located in an organisational and regulatory context (Hardstone et al.
2004, Martin et al. 2007) and that therefore development of support for such
work needs to be attentive to these matters (Hartswood et al. 2005). For ex-
ample, the secondary use of such data brings with it additional problems of
consent and confidentiality but also has to deal with the inherent problems of
making sure that record keeping practices and the use of records are suffi-
ciently aligned (Hardstone et al. 2004, Geddes et al. 2006). This is just one
example of how design of collaboration support for e-Research needs to be
attentive to the specific practices involved and the organisational contexts in
which e-Research takes place.

We would argue that the specific circumstances of and practices involved
in research make it necessary to establish a reflexive tie between the nor-
mally separate activities of design and use (Voss 2006). Such a tie needs to
exist both at the local level where support of specific research endeavours is
the key concern, at the institutional level where decisions are made about the
institutional support of research IT and at the level of the formation and
shaping of (multi-)disciplinary research communities. Drawing on studies
from the areas of computer supported cooperative work and participatory
design may help us to formulate a systems development approach that will
support local research practices while at the same time being attentive to
how these fit in with generic technical architectures and global infrastruc-
tures. For example, Biischer et al. (forthcoming) point to the “deeply conse-
quential relationships between use and software architectural design” and
develop an approach to distilling local innovation into generic architectures
and more generally applicable component parts. We would argue that the
development of virtual research environments needs to be underpinned as
much by sound architectural principles as by an understanding of collabora-
tive practices in e-Research and that much can be gained by aligning this
development with wider developments in the area of collaborative work
environments and the tradition of computer supported cooperative work and
participatory design.

4 VREs and CWEs

As research is a particular kind of work, similar to other kinds in some re-
spects but different in others, virtual research environments can be seen as
special cases of collaborative work environments. However, it would seem
that the development of VREs is progressing independently of the develop-
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ment of CWEs and that the communities involved in these projects overlap
only very partially. This is not to say that there is no exchange but it is our
impression that collaborations are opportunistic and contingent rather than
strategically arranged. There is a real danger here not only that effort is du-
plicated but also that valuable lessons learned over many years in the field of
computer supported cooperative work are ignored in the development of
cooperation support for e-Research. These lessons relate to general findings
about work as a socially organised activity, to the design of collaboration
support and to the ways in which technology development can be informed
and driven by an understanding of collaborative work practices. Our aim is
to sketch out and provide strategies for exploiting this overlap for the benefit
of both projects. We can roughly characterise them as being related to con-
ceptual issues, methodology and technology, each of which we will discuss
in turn.

4.1 Conceptual Issues

The way we conceive of work and the concepts we use to describe its fea-
tures has an important impact on how we go about designing collaboration
support for innovative work contexts. For example, we might want to look at
extracting general lessons from studies of risks in scientific collaborations
(Olson et al. forthcoming) and use them to inform the debate about collabo-
rative work environments and the way we might go about setting up com-
munities of distributed knowledge workers. A taxonomy of collaboration
environments, populated with examples of efforts that have been successful
might help us understand what good practice is in this area as well as to dis-
seminate this understanding. An excellent example of such a resource is the
Science of Collaboratories database of successful e-Research environments
or collaboratories (Bos et al. 2007).

Based on such common ground, we can also start exploring the differ-
ences in conceptualisations of social structures in VRE and CWE research as
well as the relationship between the visions involved and real-world experi-
ences. For example, a study of FBIRN, a large-scale multi-organisation sci-
entific collaboration (Lee, Dourish and Mark 2006) suggests that local con-
texts and organisational alignments are still of crucial importance to the way
in which work gets done. This is despite the emphasis placed in conceptuali-
sations of e-Research on inter-organisational work in “virtual organisations”.
When we consider similar statements about work within collaborative work
environments, can we assume that these individuals will be divorced from
such organisational contexts? Will this be true for the majority or at least a
significant minority of workers? Or do we need to treat organisational
alignments as one in a number of factors?

Building upon these understandings will be essential for collaborative
technologies to be easily embedded within social arrangements and wider
socio-technical contexts, be transparent in the sense that their use does not
require a lengthy setup process and have a reach beyond individual projects
or activities and beyond individual institutional contexts: that is, to embody
infrastructural qualities (Star and Ruhleder 1996). Such an arrangement
would mean that use is /learned as part of membership, i.e., taken for granted
within a community of practice, would involve established conventions of
practice, build on an installed base and the technology would become visible
only upon breakdown (ibid.), i.e., it would normally be seen-but-unnoticed.
Building systems and use practices that acquire these properties is still a
challenging task and we need to gain a better understanding of what factors
further or hinder the emergence of an infrastructure.

For example, Olson et al. (2002) have suggested the related concepts of
collaboration readiness, collaboration infrastructure readiness and collabora-
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tion technology readiness as a means to guiding our understanding of the
factors that further or hinder collaboration. An example of a factor relating to
collaboration readiness is the issue of whether established rules for data shar-
ing exist within a community. Collaboration infrastructure readiness relates
to questions about the operational environment of collaboration environ-
ments such as the existence of high-bandwidth multicast networks for multi-
party video conferencing or the availability of technical support. Finally,
collaboration technology readiness relates to the question of skills and ex-
periences that individual researchers have with collaboration support tools.
Depending on where we locate the barriers to uptake, different kinds of re-
sponses will be necessary to address issues falling into one or more of these
categories.

4.2 Methodology: User-Designer Relations and Innovation
There is a need for technological innovation and a developing understanding
of the changes in modern workplaces to progress hand in hand if we want to
develop technologies that will turn out to be useful, usable and socially bene-
ficial. Technology push (often dominant in e-Research) needs to be balanced
with application pull and reflection on the changes made to the working
practices of researchers. A user-centric approach is crucial here if we do not
wish to disenfranchise researchers who may feel that their work is being
reshaped by technologists who understand very little of it and do not share
the concerns of the research communities for what constitutes good practice.
We will discuss various approaches to practically addressing these issues
by creating particular forms of relationships between technology design and
use, allowing local innovation to be distilled into more generally applicable
components that fit in with a generic open architecture for collaboration
support. It is paramount to avoid the design fallacy (Williams, Stewart and
Slack 2005), i.e., the notion that building ever more knowledge about users
and use into designed artefacts is going to lead to more useable and useful
systems and wider uptake. Requirements are moving targets as contexts and
work practices are continuously evolving. This is especially true in research
where innovation is part of the game rather than an occasional exception.
This does not mean that traditional methods of requirements gathering like
the use of workplace studies, focus groups or user surveys do not have a role
to play but they need to be complemented with at least an element of ongo-
ing engagement that is aimed at supporting the innovative uses that occur
only after the initial design of technologies is completed and artefacts get
used in anger in real-world settings (Voss et al. 2000, Torpel et al. 2003).
Corealisation (Hartswood et al. 2007, Voss 2006) is one approach that
aims to provide a suitable orientation to design as an ongoing activity in-
volving not only professional designers and other IT professionals but, cru-
cially, all people playing a part in the overall socio-technical ensemble of
which IT is a part. In e-Research, a related strategy that has been pursued is
“embedding” researchers in the design team’ or designers in research teams.
Another approach developed within the area of CSCW and palpable comput-
ing is the use of facilitation as a way of exploring innovative uses of tech-
nology in real-world settings, on a routine basis or in the form of scenarios
played out in the field (Biischer et al. forthcoming). The strength of these
approaches is that they foster a long-term engagement between technologists
and users to explore possible designs and their uses in real-world contexts.

> This requires buying researchers out of their normal duties as well as finding
ways to ensure that their involvement in e-Research can be recognised within exist-
ing (academic) career structures.
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While the use of facilitators in traditional work contexts is quite well ex-
plored as, e.g., user-advocates (Klockner ef al. 1995; Pankoke-Babatz et al.
1997; Mambrey et al. 1998) in participatory design or technology-use me-
diators (Orlikowski et al. 1995; Bansler & Havn 2003) in organisational
studies, further research is needed for inter-organisational or community-
based settings. The distributed nature of such contexts makes it necessary to
think about new ways of supporting the collaborative appropriation of oth-
erwise general-purpose media, e.g., by using the collaboration technologies
itself for the mediating processes (Budweg et al. 2006b).°

4.3 Technology

Many VREs are built as portals that allow web-based access to various re-
sources as well as providing collaboration support. The existence of a recog-
nised standard (JSR 168) makes it possible not only to select from a wide
range of development tools and supporting technologies but also potentially
enables the resulting VRE components to be traded and integrated in institu-
tional portal environments using the same standards. However, JSR 168
provides for integration only at the level of the presentation layer, allowing
different, independently developed portlets to be displayed together in a web
browser, coexisting but not interoperating. This leaves the coordination and
integration between different portlets which is needed in many contexts un-
addressed. One reason why the Sakai virtual learning environment’ is quite
attractive as a development platform for VREs is that it provides APIs for a
closer integration and coordinated existence of components. It is becoming
increasingly apparent that what is needed is an underlying framework that
can bind together independently developed collaboration tools as we move
from scenarios where these merely co-exist to integrated environments.

In addition, we should not forget that the Web and its standards were not
originally designed to support complex applications but were rather meant to
facilitate the relatively coarse-grained process of document transfer. Mobile
applications required, e.g., in the context of archaeological excavations
(Clarke et al. 2005) or high-bandwidth VRE environments supporting large
scale synchronous collaborations (Childers 2000) make it necessary to com-
plement browser-based tools and to provide for integration between different
modes of access to a VRE. One issue this raises is the dynamic transition
between synchronous and asynchronous collaboration (e.g., Buckingham
Shum ef al. 2006) and the interplay between and integration of scientific
applications and collaborative environments.

The aim of the ECOSPACE project to produce collaboration upperware
and services to enable seamless and instant collaboration within communi-
ties is very consonant with approaches taken in e-Research, especially ser-
vice oriented approaches adopted in the Grid community. What is important,
though, is to ensure that the solutions chosen at the middleware and upper-
ware layers are compatible or can be adapted. For example, strategies will be
needed to provide federated authentication and authorisation mechanisms
that integrate well with back-end identity and user profile management sys-
tems run by institutions or resource providers. The selection and use of stan-
dards as well as awareness of existing work are important elements that can
be achieved through initiatives such as the e-Framework (Olivier, Roberts
and Blinco 2005) and the eReSS study of standards used in JISC VRE pro-
jects (eReSS 20006).

® See Carusi and Jirotka (2006) for an overview of user engagement practices
employed in the recent UK JISC VRE programme.

7 http://sakaiproject.org/
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5 Conclusions

Achieving the e-Research vision requires a step-change in the way we facili-
tate and support collaboration. We have argued that forging a link between
communities working on CREs and VREs is valuable for ensuring that the
emerging collaboration frameworks and components upon which the e-
Research will depend are developed in ways that are consistent with the
principles of user-centred design and also capitalise on existing findings
from socio-technically-oriented research in relevant fields such as computer
supported cooperative work.
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