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Executive Summary

The early career researcher (ECR) is a PhD student or postdoc, who has only been in their beld of research for a few
years. ECRs may be a force for change in research processes and technologies, Rexible and willing to experiment with
new systems, but this affect may be moderated by the more conservative researchers who work with, and in some cases
supervise, them.

Every early career researcher is uniquely situated in career stage, research area, discipline, networks, and objectives.
Nonetheless, their experiences share some common features. ECRs are attempting to build their professional research
proPle, whilst often trying to bt in to a new environment, be that a new discipline, institution, group or role. Short degree
courses and short term contracts mean that many early career researchers have lives punctuated by change. Throughout,
they are aware of complex issues of trust, an example of which is the delicate balance between mutual support from
peers, and competition for funding, jobs, and publications.

Day-to-day, early career researchersO lives have much in common, even across quite different disciplines. Their work
involves them in a wide variety of tasks throughout the research lifecycle - seeking new information, gathering data,
analysis, ref3ection and discussion, and publishing - plus teaching and administrative roles. ICT plays a role in almost all
these activities, and ECRs choose the tools they use with care, balancing the costs and benebts of each.

People and relationships play a key role in the ICT experience of the early career researcher.

Early career researchers are members of multiple networks, frequently overlapping, with subtly graduated relationship
types and trust levels. For whatever reason, physically proximate relationships are currently dominant in the lives of
many ECRs; particularly strong relationships are characterised by the use of multiple redundant communication chan -
nels or technologies. It can be argued that the development of early career researchers would be enhanced by a more
distributed network, which is not always possible today due to the often limited travel funding for conference atten -
dance and visits; online scholarly networking could support this instead. Work-life balance is important to early career
researchers, who wish to retain their own boundaries between professional and social activities, even if those boundaries
are blurred.

The culture and practices of a discipline, or research group, often dominate choices about the ways in which technology
is used. Traditional methods - even pen and paper - still play an important role for many early career researchers. Email
is also still widely used, although this is often forgotten in discussion of communication technologies today. Early career
researchers are happy to repurpose non-academic technology tools for scholarly use, although this practice is not wide-
spread. Awareness of novel ways of using tools spreads generally via networks. Serendipitous discovery of new tools
and methods through word of mouth is also very common and appears to be one of the best ways to bnd out about new
systems or practices.

Despite many ECRs being interested in trying out new technologies, 72% of early career researchers reported that they
did not even use Web 2.0 or social media to share their research. This may reRect the many and varied constraints which
limit ICT take-up amongst early career researchers, perhaps including norms of secrecy in research practice; this study
found social, conbdence, skills, institutional and participatory constraints on technology use by ECRs.

Any tool used for collaboration or communication requires that all those engaged in the work must have the tool avail -
able to them, and be capable of using it, and choose to do so. This can limit the adoption of new technologies, as many
groups will include a mixture of more and less technically-savvy researchers (whether early career, or established), and
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any tool which is to be used across the group must be acceptable to all. Other researchers who may view new technology
(particularly Osocial webO tools) with scepticism, or as frivolous, can discourage early career researchers from using, or
promoting, these systems.

The landscape, then, is one in which each early career researcher uses a set of technologies they have chosen (within the
constraints they experience), provided by a range of organisations (including their institution, commercial providers, and
other sources), to undertake the many tasks related to research, as well as teaching, administration and social activities.
Early career researchers appreciate the benebts of new technologies, but need to see that the advantages outweigh the
effort and costs of adopting them, and the various constraints noted above may block researchers from moving to more
efbcient and effective working practices supported by new ICT systems.

Tools to support research

The virtual research environment should be thought of as the portfolio of tools and systems which each ECR chooses to
use during online research activities, whether or not they are integrated together.

Cloud-based systems, with clear governance and ownership, distinct from research programmes or institutions, will
offer particular advantages to the early career researcher, in that they are more likely to move between projects and uni
versities fairly frequently. We also identify a strong desire for data portability, alongside interoperability. We anticipate
that data portability will become critical for the mobile ECR, as well as offering good long term support for data preser -
vation and access so that projects can migrate their information between systems when required.

The academy should not neglect the scope for conbgurable tools for specibc research groups and programmes. Generic,
unconbgurable systems (whether large repositories and complex web front-ends and workows, or simple tools crafted
for a single purpose) may be insufpcient to capture the specialist data types, research practices and culture of individual
disciplines and programmes. Well designed systems, offering useful common functions but heavily conbgurable to meet
the needs of a specibPc community, will be more able to meet the expectations of established (and growing) research
groups and will be more likely to be widely adopted and used. They will also offer better sustainability and value for
money, as the bulk of the software can be supported centrally and reused for many users and groups.

Scholarly networks

There is a clear need for a specialist professional networking system, with suitable arrangements for security, privacy
and authority, to support early career researchers in the key activity of building their networks of people and resources.
Any such system must respect the mobility of the ECR. Cloud-based systems may be particularly well-suited for this
requirement. Personal data portability - controlled by the individual ECR - is a must, so that their investment in setting
up a network of contacts and their online proble can be retained through career moves.

Design of new scholarly networks should recognise the distinction between the task of Pnding new people and new re -
sources, and that of maintaining relationships, or communicating with people within a network.

Scholarly networks should also take into account the desire of the early career researcher to debne their own work-life
boundaries. Online networking systems should support the important social aspects of research life, including the online
equivalent of tea-room interactions where possible. Strong networking technologies should not prohibit social functions,
and institutions operating scholarly networks should accept and support their use for social purposes. Early career re -
searchers will repurpose technology to their own ends, and this should be anticipated.
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Designing for researchers

Early career researchers need tools which bt into their busy and varied lives, and which do not come with a heavy train -
ing overhead. This means that projects to create new technologies and tools should budget for time and resource to en
gage with the research community they are targeting. This might mean user research activity, followed by skilled user-
centric design practices; or it may mean using developers who are embedded in the research environment, engaging
with the culture and practices of the research group brst hand. Well designed user interactions are key to reducing the
barriers to take-up of new tools, and this should be considered at all stages of development projects. This must include
genuine examination of the real workf3ows, and how they bt with existing and other research activities.

When we look at new technologies which aim to support open research practices, we must remember that technical bar-
riers are only one reason why open research is not widely practiced today. There is a lot of focus currently on open note-
book and open access practices, which are promoted in the expectation that they offer the early career researcher signip
cant advantages, but the existing research policy environment means that policy and procedural changes are needed if
these practices are to be encouraged.

Early career researchers appreciate having data online, and moving more research data onto the internet would be vat
ued. The ways in which data is stored should be considered from day one, so that it is truly reusable in the future - this
applies both to data from networked research equipment, and data from ofR3ine sources. Tools to support core research
itself online must respect the context in which this happens - trivially appealing tools that do not create or sustain a

compelling overall workf3ow will not be adopted.

Social change

Around the edges of any successful technology development must be a social environment in which the new system can
be used. Institutions must ensure that policies and procedures - both central and local to research groups and depart
ments - do not block new technologies from being deployed and used (inadvertently or otherwise).

Usability comments notwithstanding, some tools may be too complex to be used without training. Training and
awareness-raising around new and existing tools must be available at the right place and the right time, and aimed at the
correct level. This may mean training sessions offered through the year; separate training for ECRs at different stages of
their careers (even within this group, there are very different support needs at different points); and particularly it may
mean support for incoming ECRs who need to be able to hit the ground running in a new role. A useful research toolkit,
perhaps tailored for each department or group - available to all new ECRs, showcasing both the available tools and the
ones deemed useful by other researchers locally - would be a valuable aid in discovering what is available and how to

access it, quickly.

Preferably, the skill acquisition around use of a tool should be designed into tools where possible, rather than being a
time-consuming activity outside the normal research day. Imaginatively designed and constructed web systems can
support users in learning whilst they undertake a real task with a new tool, ideally using their own data from the start.
This speeds up evaluation of new systems within the real research context. We anticipate simple work3ow support tools,
capable of dealing with complex situations, and with peer support systems built in, being developed over the next bve
years, to meet the needs of busy researchers and to support rapid sharing of best practice.

If there is good support for serendipitous discovery and peer support around the technology (and the research processes
supported by the technology), then the tool can expect to be evaluated - if not adopted - by more early career researchers,
as they recommend systems to each other.
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Setting the scene

This study was commissioned by JISC to provide insights into the needs and views of the new generation of researchers,
or Oearly career researchersO (ECRs) as they are sometimes known. The aim is to draw on these insights and match them
against emerging technological opportunities. Through this process, this report is able to provide recommendations on

the ways in which JISC and Higher Education Institutions (HEIs) can plan to support researchers at all career stages
through the provision of training opportunities, technical infrastructure and technological tools.

Debate continues! over the precise criteria by which to identify an early career researcher. However, for the purposes of

this study it has been assumed that researchers who are currently undertaking doctoral level research, or have completed
their doctoral training within the previous Pve years, were the most appropriate cohort. It should be noted, however,

that this dePnition was not rigidly applied: participants in the study were invited to self-dePne as ECRs. It should also be
noted that an early career researcher is not necessarily OyoungO in age terms: many ECRs enter the research profession as
a mid-life career change, for example.

ECRs are particularly important as a focus of study due to the timing of their entry into the beld of research. The Oearly
careerO phase tends to encompass the span when researchers are particularly open to learning new skills whilst the re
searcher is attempting to establish himself or herself within the profession. Of particular signiPcance is that the time span
that the current ECR cohort encompasses has coincided with the development of a new range of information and com-
munication technologies (ICT), many of which are specibcally aimed at the needs of the researcher. Alongside the tools
which are aimed at the researcher, other increasingly sophisticated non-research-specipbc ICT tools have become available
for appropriation by researchers to support their activities. It is important, however, not to assume that all ECRs will
automatically take up the full range of technological opportunities on offer; this study therefore was also alert to explor -
ing the non-use of ICT tools, as well as attempting to identify barriers to take-up.

Consideration of the context of the early career research lifestyle is also a possible route to insights into technological
uptake and research behaviours. Thus, ECRsO day to day activities and networking habits were also explored in this
study. From many projects which collate the correspondence of great thinkers of previous generations (for example,
Darwin Correspondance?) we have available to study the concrete manifestations of much of the social networks of suc
cessful scholars, from their early undergraduate days to beyond retirement and notoriety. We know that these renowned
researchers used their networks extensively for both scholarly and social, supporting purposes, but we cannot assume
that this was the secret to their success.

We must note that our study considers only early career researchers; we have no way of knowing which will develop
into the luminaries of tomorrow; some of this cohort will leave research of their own volition, some will drop out
through failure, and some will stay the course to varying degrees of fame and renown. As such, the practices we have
observed may or not be desirable for future research career success.

As with any cohort, the current set of ECRs will move up the researcher hierarchy as the years pass, taking with them

and building on the skills they learned in their early career phase. They may thus be a force for change during their early
years by providing inspiration and transferring new technological knowledge to more established researchers. This force
for change may intensify during the current ECRsO own Oestablished® years as their expectations of the provision of tech
nological facilities, as well as their power when demanding that these facilities are made available, increases. It is there
fore vital that academic support services are made ready by using studies such as this one to forecast future needs. How
ever, we also note thatsupervisors may sometimes act as a brake on studentsO use of new technologies because of their
own lack of familiarity with them; this might be a valid concern, if in fact their caution arises not from prejudice or igno -

1 Bazeley, P. (2003) Debning 'early career' in research. Higher Education, 45, 257-279.

2 http://www.darwinproject.ac.uk _/
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rance, but from an informed judgement that the technology in question is not B or not yet B suitable for meeting research
needs.

As highlighted above, this study was also open to the possibility that the members of the ECR cohort may not become a
force for technological change. It is important to explore whether this is likely and the reasons for a lack of experimenta -
tion, adoption or knowledge transfer. Thus, as well as future planning, the ways in which current needs could be ad -
dressed more effectively will also be highlighted by this study.

Structure of this report

After a brief overview of recent related research, this report starts by exploring the career-related lifestyle of the early
career researcher, including the roles of networking and transitions. It goes on to report the workshop and survey data
which highlight the research tasks and tools of the ECR and their use of ICT to facilitate scholarly networking. Next, the
reported ICT skills levels of ECRs are highlighted, along with their comments on training needs and activities. The par -
ticipantsO perceptions of the role of their HEI in terms of ICT-related support follow.

Inspired by these bndings, the state of the art review of research technology highlights key recent and possible future
research-related developments. Comprehensive lists of ECRsO suggestions for future developments are then provided.

Finally, pulling together the Pndings and the future technological possibilities, a range of recommendations are offered.
As well as technical solutions, the report also makes more general recommendations about the ways in which early ca
reer researchers may be effectively supported during their journey towards Qestablished researcher status.
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Review of related work: parallels and angles

Several reports have recently been published and several studies are currently ongoing which are worth considering in
relation to this study. The focus of many of these parallel studies is on the attitudes, experiences and expectations of the
generation of young people who have grown up with digital technologies. Various labels have been attached to this co -
hort, including Othe Google generation@), Odigital natives® the Net Generation, and Generation Y6. These cohorts are
primarily dePned by their birth date, unlike the angle of this study, which primarily dePnes early career researchers not
by their age, but by the year in which they entered academia at doctoral research level.

The Google generation and other similarly labelled cohorts are at a stage of just beginning to be eligible for undergradu-
ate status so studies which focus on their transition to university are common. Like the ECR study, this transition throws
up opportunities to study the potential clash of cultures as Odigital nativesO in the form of the new generation meet the
Odigital immigrantsO of the establishment.

The 2009 JISC study looking at Higher Education in a Web 2.0 World, for example, looked at the strategic and policy
implications for higher education of the experience and expectations of learners in the light of their increasing use of the
newest technologies. This study concluded that Web 2.0 technologies have created a new sense of communities of inter
est in web space and could therefore be used for teaching and learning. Other bPndings included the issues of differential
access to ICT (the Odigital divided), with different institutions providing different levels of facilities, and the importance of
further developing information literacy skills. Face to face contact with others was found to be still valued.

A recent Australian study 8, focusing on brst year undergraduates drew on PrenskyOs Odigital natives® concept to examine
whether this new generation really is different from preceding generations. The authors concluded that once the students
moved beyond entrenched technologies and tools such as mobile phones and email, the patterns of usage of other tech
nologies showed considerable variation between individuals.

Also offering relevant insight, a 2008 US-based EDUCAUSE study’ concluded that students only adopt the new tech-

nologies once they feel that the Ocosts® and ObenebtsO of the tools are aligned, rejecting Omerely prettyO ICT. The study also
found that social networking was used by the students to discuss learning issues with other students, but not to commu -

nicate with tutors.

The key JISC and British Library sponsored OGoogle generationO study (see above) carried out by the CIBER Group at
University College London used weblogs to examine how young people are searching for information. The authors con -
cluded that the information literacy of young people has not improved in line with widening access to technology:
searching techniques were simplistic and showed a lack of understanding of the nature of the sources of information. It

3 http://www.jisc.ac.uk/media/documents/programmes/reppres/gg_Pnal_keynote 11012008.pdf

4 Prensky, Marc (2001) Digital Natives, Digital Immigrants, On the Horizon, Vol. 9 No. 5, October 2001. Available at:
http://pre2005.Rexiblelearning.net.au/projects/resources/Digital_Natives_Digital_Immigrants.pdf

5 http://www.jisc.ac.uk/whatwedo/campaigns/studentexperiences/learningdigital.aspx

6 http://www.elp.ac.uk/downloads/DePning%20Generation%20Y%20Bradford.pdf

7 http://www.jisc.ac.uk/media/documents/publications/heweb20rptvl.pdf

8 5 Kennedy, G.E., Judd, T.S., Churchward, A, Gray, K. and Krause, K. (2008) OFirst year students' experiences with tech
nology: Are they really digital natives? Australasian Journal of Educational Technology 24(1), 108-122.
http://www.ascilite.org.au/ajet/ajet24/kennedy.html

9 Salaway, G. and Caruso, J. B., with Nelson, M.R. (2008) The ECAR Study of Undergraduate Students and Information
Technolog (Research Study, Vol. 8). Boulder, CO: EDUCAUSE Center for Applied Research, 2008, available from

http://www.educause.edu/ECAR/TheECARStudyofUndergraduateStu/163283
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was concluded from a review of the literature, that much writing overestimates the impact of technology on the young
and underestimates its impact on older generations.

Useful for its insights into the difbculties of using the views of ICT users to forecast future use patterns, the 2007 JISC
student expectations study0 asked 16-18 year olds about their expectations of ICT before they went to university. The
study found that it was difbcult for the participants to project how they imagine technology helping them to learn as
they could not imagine the kinds of learning and teaching they might experience at university.

Currently ongoing research projects which are yet to report, include an Open University-led Economic and Social Re -
search Council investigation into the experiences of the ONet GenerationO as they encounter e-learning at university

Although there is at present a general lack of studies of the ICT-related activities of early career researchers, a 2009
study 12 has provided some relevant insight into one of the research lifestyle issues considered by this project. The study
debated the issue of doctoral information technology students needing to become part of their research community as
part of their journey of learning to research. The authors concluded that the facilitation of ongoing dialogue amongst
doctoral students and between the students and the more experienced academic researchers was important in order to
fully develop the doctoral candidate as a researcher. This conclusion suggests the importance of networking between the
different levels of researcher: this study therefore includes considerations of the technologies and other methods which
could facilitate this effectively.

Various conclusions can be reached by examining these previous studies, even though most do not examine the precise
cohort targeted by this study.

¥ It should also be remembered that these studies mainly focus primarily on general or teaching-related insights
rather than the research orientation of this study.

¥ The points about the new generation perhaps being less skilled in certain areas than had been anticipated is
worth noting, as is the continuing value placed on face to face interactions.

¥ The points about students refusing to accept new technologies until their worth had been proved is another
useful insight, as is the comment that students are reluctant to interact with teaching staff in virtual social net -
working environments.

¥ The bnding that students are unable to imagine the future suggests that this reportOs inclusion, intended to
stimulate thought, of a review of potential new technologies is worthwhile.

¥ The conclusion of the importance of networking to doctoral students validates the decision to consider this issue
when looking at the behaviours of early career researchers.

10 hitp://www.jisc.ac.uk/publications/documents/studentexpectations.aspx

11 The Net Generation encountering e-learning at university: workspace
http://kn.open.ac.uk/public/workspace.cfm?wpid=8354

12 Bruce, C., Stoodley, I. and Pham, B. (2009) Doctoral students' experience of information technology research. Studies in

Higher Education, 34, 203 b 221.
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The essence of research

The Rewards of Research

Research is the activity of uncovering new knowledge; answering and asking new questions, through study, debate and
experiment. "The value of its discoveries lies in how they advance thinking or solve problems.

This production of ‘value' is how the expense of research is justibed, and publicly-funded research has accordingly
placed its results in the public domain, typically via journal publications and conference proceedings. "This has been the
dominant model of academic research in modern times, but it is a convenient bction. "The true purpose of publication in
these forms is to place material in the academicdomain.

Academia functions as a 'gift economy': the more a researcher contributes, measured by the originality, rigour and im -
pact of their work, the more their status rises, along with its associated rewards. The reason for it is that ideas are far
more useful when integrated into the wider web of knowledge, where they may help researchers working on other prob -
lems, potentially unrecognised by the original researcher. Research results subjected to a wide range of critical review
are also much more credible, and much more likely to be used as a springboard for further research.

The value chain extending from researchers to the public at large rarely passes directly through journals, but trickles

down through a variety of other channels. Senior academics act as consultants to governments, charities and companies;
brms form relationships of mutual support with particular research groups; authors of popular books offer everybody
access to established ideas and the latest thinking.

The process of research can be understood in the context of a web of knowledge, in which researchers test the strength of
existing threads and spin new ones, bridge gaps, lend support to lightly-anchored structures, and explore the unknown.
Those who make the greatest leaps, or who discern most clearly the underlying structures, are accorded the greatest re
spect.

In past times the degree of this respect was considered sufbcient for the evaluation of researchersO professional abilities,
but as belds have grown beyond the scale of personal networks, and as funding bodies have demanded measures of
Ovalue for money®, academia has sought objective evaluations of research quality. A succession of imperfect but increas
ingly sophisticated measures have been developed, based on publications and citations in peer-reviewed journals.

Journal publications are attractively accessible, quality-assured and justibable, but reliance on them by recruiting panels
and funding bodies means that"less-measurable contributions to the research community and society at large seem pre
portionately less worthwhile to researchers.

Informal discussions in tea rooms, ad-hoc meetings and critical contributions in online fora might eventually be ref3ected
in more impactful publications, and commercial benebts are sometimes made an explicit goal of funding calls, but public
engagement activities, which might be considered essential for the continuing legitimacy, health, motivation and appre -
ciation of academic research, are not considered part of research at all. Nevertheless none of our workshop participants
questioned"the idea that publications should be the primary measure of research output, making an implicit bargain that
as long as the rules of the game are clear they can live with their constraints.

Early-career researchers, being often on bxed-term contracts, are not usually directly exposed to the UK's Research As
sessment Exercise, which is heavily weighted towards journals and is used to target funding allocations. "They are often
focused on establishing themselves in their beld, and they know that being active in many ways in their research com-
munity raises their proble and brings professional associations that lead to ideas and possible collaborations, but they
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know that getting their next job will depend on their publication record, as much or even more than it does on their pro -
fessional network. "OPublish or perishO is only becoming more axiomatic3.

Research Communities

The Opublic goodd conception of research has in recent years been invigorated by the success of the open-source software
movement, leading many to question why academic research outputs should be sequestered from the general public in
subscription-only journals 4. Funding bodies, notably the charitable Wellcome Trust!3, have begun stipulating that re -
search outputs be published in Oopen accessO journals.

This represents a far-reaching change for the publishing sector, but has small impact on the practice of research. Re
searchers in universities are insensible to the costs of access to journals, because institutional libraries pay the fees on

their behalf. Far more radical is the notion of Oopen notebook® research, in which researchers use blogs and wikis to share
their ideas and research data as they develop them, documenting ideas as their own at an early stage, bringing greater
transparency to the research process, facilitating ad-hoc multi-institutional research communities, and crowdsourcing
feedback throughout the research cyclel6.17.

This vision remains far from becoming reality, for now. First, a submission to a peer-reviewed journal must usually pass
two tests before it can be published: the paper must be judged signibcant by the editors and the reviewers, and the pa
per's content must not have been published or otherwise placed in the public domain elsewhere, placing obvious limits
on how open a public Onotebook® can be. Second, the high ratio of post-doctoral positions to lecturing positions and the
insecurity of bxed-term contracts is such that competition amongst post-docs to distinguish themselves is intense, espe
cially when research interests overlap signibcantly. Being too open too early can Ogive awayO ideas that might have-re
dounded to oneOs own credit.

For ECRs, there is a third reason to be wary of sharing unbnished thinking outside the trusted circle of their own super -
visor or research group: the risk of losing face. They are keenly aware that just like trust, reputation is hard to win and
easy to lose, and for them, in practice, reputational risk appears a much more signibcant barrier to openness than idea
appropriation. "Even if ECRs are specialised enough that they are prospecting their own piece of the research frontier,
this does nothing to mitigate their fear of appearing foolish in the eyes of the community; one of the participants in our
study reports:

I wouldn 't want to put my half-formulated wanderings in a blog for anyone on the internet to read.

Fortunately, many ECRs belong to research groups whose common direction (guided by senior academics) and location
allow their members to meet frequently and freely share and develop ideas without fear of idea-loss or ridicule.

Increasingly, this traditional concept of the research group is being supplemented, or even displaced, by collaborations
which span institutional, geographical and disciplinary boundaries. These might be assembled by funding bodies as

13 Research Information Network (Sept 2009): Communicating knowledge: How and why UK researchers publish and
disseminate their Pndings (briePng note), on behalf of JISChttp://www.rin.ac.uk/communicating-knowledge

14 Loughborough Libraries and Information Systems Unit (LISU), SQW Consulting (Sept 2008): Open Access to Research
Outputs, Final report to RCUK  http://www.rcuk.ac.uk/news/090422.htm

15 Position statement in support of open and unrestricted access to published research, Wellcome Trust (Feb 2008),
http://www.wellcome.ac.uk/About-us/Policy/Policy-and-position-statements/WTD002766.htm retrieved 25 Sept
2009

16 Michael Nielsen, Physics World (Institute of Physics), Doing Science in the Open, May 1 2009,
http://physicsworld.com/cws/article/indepth/38904

17 Science in the openAn openwetware blog on the challenges of open and connected science, by Cameron Neylon

http://blog.openwetware.org/scienceintheopen/
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part of a larger programme of directed research, or be created ad-hoc from their own networks by senior academics in
order to access knowledge and expertise which they lacks.

...because it’s an EU project there are all sorts of codes for documents at particular stages. It's tightly

managed from the EU level.

ECRs maintain and grow their own networks, and use them for informal contacts and small-scale collaborations where
an appearance in the list of authors is sufpcient reward for the collaborator. However typically they do not have sufp -
cient discretion over their projectOs management to establish more formal collaborations on their own initiative.

If an interesting contact emerges at a conference or I read an interesting paper I might follow that up with
email. I use that area to enrich my experience and the breadth of my networking.

Membership of the global research community is characterised by avid monitoring of the research landscape, especially
via journals and conferences, interspersed with opportunities for informal discourse. "Conferences play an extremely
important role in maintaining these wider communities, providing access to early results in an interactive and less for -
mal setting. "

At the heart of research communities is a tension between openness and secrecy, hand-in-glove co-operation and berce
competition. "ECRs know that to establish themselves, progress in their career, forge their own research identity and
benebt from specialist knowledge they must take an active part in the life of their research community, but that at the
same time they must exercise caution when discussing their ideas for new research projects. "Like bridge players they
must sit at the same table to play the game, but keep their cards close to their chests.

The Practice of Research

An essential characteristic of research is the role of serendipity and the likelihood of unexpected outcomes, even failure.
No less a researcher than Albert Einstein explained that OIf we knew what we were doing, it wouldn't be research.O

With rare exceptions such as the Marie Curie career-development fellowships!?, researchers must supply funding bodies
with detailed research plans and expected outcomes when bidding for grants. In truth, they often canOt know where
their work will take them, and consequently Pnd themselves resolving the need to address a projectOs original aims
against their desire to maximise discoveriesO total value.

Project management of this kind is as important a part of life for Ph.D. researchers, who stake much on achieving a wor-
thy outcome, as for postdoctoral researchers, who are generally funded entirely from project grants, and senior academ-
ics, who must keep their grant pipelines full to sustain their groups. Figure 1 shows this in the context of the life cycle of
a conventional research project.

18 oureiro-Koechlin, C. (July 2009); Building the Research Information Infrastructure (BRII) Project: Exploratory Study
into the requirements and uses for research activity data at the University of Oxford - Stakeholder Analysis, on behalf of
JISChttp://brii.ouls.ox.ac.uk/documentation/project-milestones/BRIIStakeholderAnalysisReport. pdf

19 Marie Curie Actions, EU Seventh Framework Programme, http://cordis.europa.eu/fp7/people/home_en.html ac-
cessed 25th September 2009
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Figure 1: Life cycle of a typical research project (from the BRIl Project Report,ibid)

A number of studies have attempted to taxonomise the activities of a researcher. An ongoing set of RIN case studies? is
investigating researchers® information behaviour, in terms ofsearching & accessing information sources, organising &
evaluating the information thus collected, collecting & organising new data in the course of research, anddisseminat -
ing research results. The University of Minnesota Libraries 2! had previously arrived at a congruent set of activities: dis-
covering, gathering , creating and sharing, drawing on work by Unsworth 22, who examined information activities
around research in the humanities, and the Oprimitives® within them. These were extended to researchers in all spheres
in the OCLCOs report on scholarly information practices in the online environment 23:

As discussed by Unsworth (2000), scholarly primitives are basic functions common to scholarly activity across disci
plines. He claribed the concept with a list of primitivesNdiscovering, annotating, comparing, referring, sampling,
illustrating and representingNand provided further explanation with examples from humanities computing projects.
Our concept ofcholarly information activities s related but emphasizes the explicit role of information in the

20 Research Information Network, Disciplinary case studies in the life sciences, 2009,
http://www.rin.ac.uk/ourwork/using-and-accessing-information-resources/disciplinary-case-studies-life-sciences ,
retrieved 25 Sept 2009

21 University of Minnesota Libraries. (2006). A multi-dimensional framework for academic support: A Pnal report. New
York: Andrew W. Mellon Foundation. Retrieved on September 25th, 2009 from http://purl.umn.edu/5540

22 Unsworth, J. (2000). Scholarly primitives: What methods do humanities researchers have in common, and how might
our tools reRect this? Symposium on Humanities Computing: Formal Methods, Experimental Practice, May 13, KingOs
College, London. Retrieved March 26, 2008 http://jefferson.village.virginia.edu/~jmu2m/Kings.5-00/primitives.html

23 Palmer, C. L., Teffeau, L. C. and Pirmann, C. M. for OCLC Research (January 2009): Scholarly Information Practices in
the Online Environment: Themes from the Literature and Implications for Library Service Development

http://www.oclc.org/programs/publications/reports/2009-02. pdf
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conduct of research and production of scholarship (Palmer & Cragin, 2008). The notion of the primitive is distinct in
that it is meant to refer to activities that are common across disciplines, at least within the humanities where the con
cept was originally developed and applied, and the examples provided by Unsworth suggest that the activities are
relatively discrete in nature. In our application, we rebPne the concept further by emphasizing a sense of the primitive
as something at the base or beginning of a larger process. For example, in our framework, searching for information is
interpreted as a scholarly information activity, while the more granular activities of chaining and browsing that con
tribute to the larger search and discovery process are considered primitives.

The OCLC authors propose bve core scholarly activities, each subdivided into a set of Oprimitives®, plus a group of cross-
cutting primitives, which can be used to identify and work with Othe components of this increasingly Ruid set of [infor -
mation] processes and how they may vary in application by researchers working in different beldsO (Table 1).

Searching Collecting Reading Writing Collaborating Cross-cutting
Direct. search- Gathering Scanning Assembling Co-ordinating Monitoring
ing
Chaining Organising Assessing Co-authoring Networking Note-taking
Browsing Rereading Disseminating Consulting Translating
Probing Data practices
Accessing

Table 1: OCLC taxonomy of scholarly information activities

The report goes on to group the primitives according to typical approaches across the humanities and sciences (Figure 2).

HUMANITIES SCIENCES
Browsing Direct Searching
Collecting Seanning
Rereading Chaining Co-Authoring
Assembling Accessing Coordinating
Consulting Assessing Monitoring
Notetaking Disseminating Data Sharing
Networking
Probing
Translating
INTERDISCIPLINARY

Figure 2: Use of scholarly information activity primitives in humanities and sciences (OCLC, ibid)
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In the course of the present study, workshop participants were asked to develop their own taxonomies of research activi -
ties, working in groups and, unlike in the studies mentioned above, not conbning themselves to those concerned with
information-handling. Table 2 is a meta-analysis of their taxonomies.

Disseminating, Keeping up to date Project administration Data collection, Networking Personal
debating & & planning organisation & Development
discussing analysis
Group meetings Scanning new journal Arranging meetings  Laboratory work & Informal !catch-up" Software tools
issues observations meetings &
contacts
Supervison meetings Reading blog posts  Teaching preparation Field studies Group socials Practical training
Giving public lectures Attending Ethical approvals Surveys Identifying relevant Lectures & book
conferences & researchers and study
seminars groups
Writing blogs Reviewing preprints  Funding applications Conducting & Using social Writing and
and unpublished work transcribing interviews networking tools presentation skills
Making media General current Task tracking Processing source Conference
appearances affairs material introductions
Checking ideas, Scanning new books Purchasing Keeping a research
logic, facts consumables journal
Asking advice / Specialist news Purchasing / booking Statistical analysis
questions magazines equipment
Outlining, drafting & Collection access Computational
revising analysis
Project meetings Visualisation
Data backup Mind-mapping
Reporting Structuring and
annotating information
Co-ordinating Developing a model
collaborators
IBig-picture”
integration
Archiving
Table 2: Taxonomy of typical ECR tasks
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Research: the early career researcher and technology

Four workshops and a survey of early career researchers provided information about the ways in which the participants
made use of technology. A selection of the best evidence from these Pndings is reported here.

A networked life?

Participants were asked about the extent to which they made use of ICT tools.68% of the survey respondents were keen
to have boundaries between their professional and their personal life Oeven if theyOre just within my head®. However, it

was acknowledged by some that this was a struggle, partly due to being constantly networked in through ICT:

By the time IOve had my breakfast in the morning, 1Ove already done far too much research for the day. From checking
emails, contents alerts, academia.edu sends you messages when people have Google-whacked you, 1Ove got jobs.ac.uk
sending me jobs, The Scotsman because my research is Scottish-based, message-board lists.

Something IOm struggling with at the moment is work-life balance and where does the academic life end cos in my
head things like Facebook, LiveJournal, blogs and so on, these things were personal things where you could talk to
your mates. Now | go on line and itOs research questions. So something that was initially a very personal thing is now

all of a sudden becoming a work-based thing.

Others welcomed being constantly connected and valued their ICT tools:

I®m afraid | have a laptop with me the entire time and | programme for fun in my spare time. | get such pleasure out
of it.

IOm addicted to my computer B | love my computer at home. | love using messaging and things to keep in touch with
people who have moved on from uni.

When | wake up in the morning and check my phone and it says a new article has cited this article that you like: gen
ius!

IOm known as Mrs. Gadget. | always have at least two phones, an Irish one and a UK one. | think | can probably do
most of my digital recording on my iphone b this is my latest acquisition. And despite the fact that that has a camera
| also carry a separate digital camera.

IOm an information junkie.

| use my mobile phone as a diary, | have my appointments in it, | download documents. The toy IOm waiting for is the
Palm Pre. You can use other products with it, you can download text, you can use it as a scanner.

I use my phone for checking Facebook and email and | use the GPS as | get lost a lot.

My favourite item would have to be my iphone. I1tOs replaced my laptop, | donOt have to carry that around. | can check

my email, check the web, etc etc. It has everything | need in that respect.

Although it was clear that many of the participants were keen users of ICT tools, this was not universal.

| feel that | have to bend the stupid tools to my needs.
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It takes an awful lot of time though to keep a blog thatOs basically academic doings. It would be much more productive
for me to put that time and effort into writing a chapter of my thesis.

My assessment of my ICT skills is pretty low. | can just about use the internet and thatOs it. So the ICT tool | like best
is probably something like jstor where | can look things up. | donOt really know how to do anything else.

My ICT skills were very weak when | started here. | had to make myself acquainted with these tools. | think | could
use ICT much more than | do now B but I still don®t know how to use them properly.

The working day of the new generation researcher

There were no great surprises when the workshop participants were asked to brainstorm the various tasks which make
up their working day, although the sheer range of tasks was impressive. The workshop listings probably would not dif -
fer greatly from a listing prepared by a Opreceding generationO researcher, although to investigate this comparison was
outside the scope of the project; they do, however, show similarities with the taxonomy of tasks mentioned earlier.

The tasks of the new generation researcher could be broadly divided into six areas, although there was overlap between
some:

1. Disseminating, debating and discussing, which included writing papers and reports; presenting at seminars and
conferences; checking ideas, logic and facts; outreach activities.

2. Keeping up-to-date / collecting information: including researching and keeping abreast of the discipline and keep -
ing up with current affairs related to the research.

3. Organising and planning: including project management, mind-mapping, structuring and annotating information,
archiving, and dealing with bureaucracy, attending meetings.

4. Data collection and analysis: including peldwork, experiments, data management, data analysis.
5. Networking: including building and maintaining networks of contacts.

6. Personal development: including developing writing skills, attending training courses, private study-style training.

How do they use ICT to carry out these tasks?

Even more impressive than the range of tasks carried out by these researchers was the range of ICT tools used to facHi
tate their achievement. Almost every task was accomplished with the help of some form of software, hardware or web-
based programme. Noticeable differences between the types of ICT tool used by researchers from different belds were
sometimes identibable, but there were also many commonalities.

[scientist] All mathematicians and physicists use it. They all love it.
[social scientist] Do they??

Other fellow students have been very helpful B theyOre in completely different belds but some of their ideas about how
you deal with some of the other issues have been very helpful.

Although we are in the same discipline the topics are quite different and we can learn from the comments.

Evidence of the value placed on learning from others in different Pelds can be seen.
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Using the most appropriate tool for the job
The key for the researcher was to choose what was the most appropriate tool for a task, taking into account several crite
ria including location, type of use and reliability. . Practical reasons were given:

| always need things that will work off-line as well for when 10m off doing Peldwork.

Latex is specially targeted for technical documents.

I only had a small number of interviews so | didnOt need to use any software to to do that. | will need te use some
thing for my next project as there will be far more interviews.

I®m just using a specibc set of tools because | can trust them.

It was also apparent that digital resources were also being used as primary source material by some researchergparticu -
larly those working in the arts and humanities subject areas:

| need a lot of archive material so | need ICT resources like JSTOR and the ebooks provided by the library. Some of my
favourite tools are the e-version of the books in the Imperial Library of the Emperor of China which is useful as | can
refer to them while IOm looking at the travelogues.

1tOs been a great help having the British 19th century newspapers online B the Times Archive, Irish Times, Hansard
Online.

Taken for granted?

There were hints that participants were beginning to regard certain ICT tools as the norm, although they were still ap -
preciated. Finding academic articles or news items online, a development which had only just preceded the Oacademic
lifetime® of most early career researchers was highlighted by some.

Although you take searching journals online for granted and itOs very useful to be able to get to them quickly online.

However, although this facility was not always emphasised, suggesting that perhaps the new generation of researchers
could not remember a time when this was not possible. The route to these articles varied and included the library web -
site, Google Scholar, and having the arts and science sections of the BBC OnewsbarO continually present at the top of the
computer screen. Others mentioned articles being delivered directly to them:

e-bulletins are really useful and | get a lot of information from them.
There were also suggestions that Google was replacing library search tools for some.

| use Google Scholar for searching for papers. | donOt actually go on Web of Science or anything like that because |
just use Google Scholar because they have a better search engine and | like to decide thatOs what IOm looking for and
when | do WoS and stuff it just irritates me.

| check Google books brst and if itDs on GB then | wonOt come to the library.

Adapting to ICT tool availability or usability

Despite being open to the use of ICT, researchersO choices were sometimes hampered by factors beyond their control,
however, as two historians reported:

Where we can make use of digital resources we do. But where we can0t, itDs back to pencil and paper again. We are in
the hands of the sources, the libraries. The more they digitise, the more we will be able to use it.
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The ideal of the future is going to be to get more and more of the obscure things, the academic things academic things,
digitised. For sheer ease 10d rather go online and read my newspapers rather than go to Yorkshire. For sheer practical
ity.

These comments both indicate that researchers may be beginning to prioritise digital sources over non-digital. Another
researcher commented on the lack of usability of another ICT tool:

If I go into a web-based conferencing tool | read the brst couple of posts but it inhibits my use of it.
Others also complained about the limitations of some ICT tools:
| feel that | have to bend the stupid tools to my needs.

What 1Om afraid of is that with all these new tools itOs the packaging which is starting to become more important
rather than the quality of the information.

The second quote highlights the perception that the tools are overshadowing development of the information content
itself.

OGenerationd gaps

Comments from some of the workshop participants also gave hints that differences exist between the ways in which they
use ICT to carry out tasks tends to differ from the ways in which previous generation researchers use ICT or accomplish
their tasks. These quotes, both from PhD students who are older than their supervisors illustrates this difference, high-
lighting again that it may perhaps be career stage not age which is key:

Don®t supervisors help you with Endnote or Excel?
No they donOt use them.

And then you say to your supervisor [after getting a citation alert], look at this new thing thatOs just come out and
they go wow you found that very quickly.

Other workshop participants also commented on perceived technological Ogeneration gapsO:

Often what hinders you is your supervisors or someone like that, removed from your technological generation, some
one youOre taking advice from and youOve got to go along with what they want.

There should be more training on how ICT can help. Not just for [admin] staff but also for supervisors.

A shared calendar would be useful, which everyone uses, even the most archaic Professor who doesnOt know what heOs
doing with a computer.

Summing up that it was not necessarily a generational issue, however, one workshop participant expressed his frustra-
tion at having to fall in line with others:

Tools like excel and Word could be improved ten-fold but because everyone can use them at the moment, those are
what you use.

Beyond the obvious

Several of the new generation researchers in the workshops showed a willingness to discover and make use of ICT tools
which were less well-known or less well-used for a particular purpose:
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The most important tool for me for research is a website called Dropbox which is a kind of ble-sharing syrching web
site which gives you a certain amount of gigabytes where you can store things on there and access them from any
portal. | use that a lot.

| keep my to-do list on Google gadgets.
| use a blog as my tool to sum up my notes or any ref3ections on my reading.
My blog is my research diary.

I quite like R, IOm not a fan of SPSS for analysing my data. 1tOs an open source American software package and itOs a
programming language as well so you can do really beautiful graphs out of it that you just canOt get out of SPSS.

Papers, an application for the Mac, is very useful for arranging my massive collection of pdfs, which is great for full-
text searching and things.

One researcher, for example, reported using the internet to recruit her respondents:

| just put it on a messageboard through a body that does EFL and they said weQll just put it out on our noticeboard
and weOll see if anyone responds. Lots of people called me from Cuba and China and all over the world B incredible.

Although many of the researchers raved about accessing online journals through their university library Oeverything you
want, youOve got hereQ, agreement from survey respondents with the Open Access principle was strong (77% agreeing
with the concept to some extent). Worries were expressed, however, about how the system worked in practice and com
ments made about the perceived better reputation of peer-reviewed journals.

The idea is good, but the quality of the stuff there is not as good as traditional journals with more prestige.

| like the spirit of the Open access movement, but think that editorial staff is important and need to be paid for some
how.

All my papers are available direct from my website. Whenever this is not true for other researchers whose papers |
want to read, it is a source of great frustration. This has given certain publishers (who restrict access to papers) a bad
reputation in my mind.

A mathematician in one of the workshops explained that publishing under the Open Source system was seen as benep
cial in his subject area, as well as for early career researchers:

| like the Stanford e-prints website where people can publish their work without peer review. If you are someone who
is anonymous it is difpcult to publish. This website is open source, open to anyone who wants to publish. 1tOs going to
challenge the traditional idea of publishing. You can put things there and people know your ideas before it comes to be
printed so no-one can steal your ideas. Because having your ideas stolen in maths and physics is very very common.

OTraditional® tools are useful too

Although researchers used ICT for most tasks, what was also striking was that the traditional tools of pen and paper and
books were also still favoured by many.

| take my notebook everywhere.

My traditional black notebook sums me up as a researcher. So in that sense 1Om quite old-school.

| write letters by hand rather than sending emails sometimes.
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1&d rather have a hard copy book in front of me. To be able to Rick through a book, backwards and forwards is better
than reading online.

Also for some, the use of traditional tools was essential due to their research subject area:

I have to use a lot of the original nineteenth century documents. | couldn®t possibly do this PhD totally-online be
cause most of what | use isnOt online yet.

| spend a lot of time looking at the originals, diaries and things, going through dusty boxes.

These bndings stress the multi-tool approach of early career researchers, with a recognition that ICT is not always ap
propriate. The last two quotes conbrm that they have not yet abandoned original sources.

The scholarly networks of the new generation researcher

When asked to represent their research-related networks visually, new generation researchers included a range of indi-
viduals and groups. There was general awareness of the potential value of their networks, including the potential to
make use of the networks of direct contacts too:

The easiest thing to do generally is to get to know someone and use them as a stepping stone. Then you have to be

prepared to go to things, most of which youOre not going to gain anything from, just for that few minutes of contact.

The other day | didnOt know what this word meant in a particular dialect of a language. So | emailed someone in Dar
Es Salaam who phoned up a guy in the village who went to ask his neighbour the old man. | eventually got the mes
sage back. It had gone through three different languages before it got back to me. So that was quite useful.

Not surprisingly, for most research students their supervisors were seen as key contacts. This relationship was also sus
tained by some post-doctoral researchers too, being drawn on for funding application and publishing advice as well as
for references and as a possible gateway into related networks.

Keeping in touch with ex-supervisors is useful as theyOre in touch with a world-wide set of people and they know
your work.

Perhaps more surprisingly, family members were also included in many research networks, for moral support and ad -
vice, and occasionally for practical access to research contacts and relevant knowledge.

| get ideas from some colleagues of my brotherOs as my research is business-related.

Others sitting outside the university environment were also identibed, including members of historical societies or pro -
fessional organisations, practitioners, companies prepared to provide pots of research funding, and even workers at a
local pub who were able to give useful input to one researcher. One workshop participant also highlighted the recent
emphasis within her department on reaching out to the general public. The value of discussing research ideas with
someone outside the academic sphere was summed up by two of the participants:

As | got to know them it was really useful as they became a great completely random sounding board about what
your ideas are and whether they resonate or not. It helps to clarify in your own mind what youOre trying to do or not
do.

| go to academic conferences, but more interesting | Pnd are the practitioner conferences. If | go to public exhibitions |
also meet people there who are useful for my research.

Mutual support from peers, whether other students or other postdoctoral researchers, was also mentioned as important -
for helping with technical issues, as well as for moral support :
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| seek assistance from my friends who are experts.
My friends always ask me questions about Endnote when it breaks.

Members of the department, colleagues B we have friendships which are useful to me for when you have ups and
downs.

The potential problem of being a Osolitary researcher® or Oa lone wolf® was mentioned by some, something particularly
attributed to being in sparsely researched pelds:

If itOs an area where thereOs not a lot of research, you don®t get a lot of researchers.

Members of their research teams featured strongly in the networks of post-doctoral researchers, with these sometimes
being scattered across the world. Other at-a-distance network contacts were also highlighted, including academics met at
conferences and academics identibed from journal articles.

Conferences and workshops, thatOs very important. You get to see new ideas two years before theyOre in print. You get

to actually ask the people the questions directly about how things work.

I may use the email address of the people at the bottom of a paper D to get in touch with the people whoOve written the

paper.

If an interesting contact emerges at a conference or | read an interesting paper, | might follow that up with email. |
use that area to enrich my experience and the breadth of my networking.

In terms of the Rows of information within their research networks, workshop participants stressed that early career re -
searchers are less likely to have inBuence on others than to gain input from others, although one was conbdent enough
to say that he thought this would change as he climbed the academic tree.

While | might provide my supervisors with some thought-provoking ideas, the majority comes the other way.

1tOs been very good to bnd that the people at the top of my Peld do respond to emails. TheyOve been very helpful about

giving a claribcation and at elaborating and expanding if youOre applying to go somewhere or something like that.

Archivists all over the place give me hugely more information than | can ever feed back to them.

How do they use ICT to facilitate their scholarly networking and collaboration?

The types of ICT used by the workshop and survey respondents to facilitate their scholarly networking and collaboration
were wide-ranging. Participants often considered carefully which method of communication, as well as which software,
was appropriate for a given situation. Although many of the workshop participants appeared to be probcient in a variety
of ICT tools, it was often an assessment of the probciency of the other people within a scholarly network which deter -
mined the tool used. Other determining features, particularly related to sharing beyond a limited known circle of con -
tacts, included considerations of privacy, intellectual property, time management, and institutional approval or techno -
logical facilitation.

The lowest common denominator

Although a range of newer ICT tools was usually available, email was prevalent as the main communication method for
scholarly networking.

Email is sacred to me.
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| contact them all by email.

This was usually because it was assumed to be a medium with which everyone was familiar, although some workshop
participants suggested that email has its limitations:

In terms of the way | communicate with people, with the most central [to her network] people itOs by email, but 10d

quite like a better way of communicating with people.
Email is seen by many people as the sort of technology with which you communicate for work.

| use email extensively for research. 1tOs absolutely essential for communication in any workplace these days. | get

back to students about the research by email, | send them interview questions, | agree interview times, | communicate
to others on the research team by email, | talk to fellow researchers by email even if theyOre in the same ofbce. 1tOs
completely indispensible for my work.

| bnd it very difbcult to do anything but brief comments by email, setting up a meeting or something, but wouldnOt
hold a discussion by email.

Hints again at Ogeneration gapsO were made when a couple of the research students spoke of their use of mainly email to
make contact with their supervisors:

It would be good if people who are higher up in the department, like supervisors and things, were a bit more familiar
with things like Ple-sharing then it would be a bit easier to transfer information. But itOs mainly just emailthat peo
ple are comfortable with.

Sometimes | feel IOm held back by what theyOre comfortable with. If | ask them to use an instant messaging system or
something more technical, | donOt think theyOd be up for that.

OSocialO Networking

Although several of the workshop participants reported the use of Web2.0 tools such as social networking sites, wikis or
blogs, to enable their academic networking, others were not keen on the use of these tools for scholarly purposes. Survey
results echoed these bndings, with 72% disagreeing with the statement that they use Web2.0 tools a great deal to share
their research. Indications that this resistance to use for research purposes was not due to lack of familiarity with social
networking tools was indicated by only 20% of survey respondents strongly disagreeing with the question which asked
whether they used web2.0 tools a great deal outside their research work. Comments from workshop participants empha -

sises this division:

I usually donOt use social networking sites for work, theyOre more for interactions with friends and relatives. So |
would use them more for social purposes.

I donOt put research contacts on Facebook. | keep it separate as a family and friends thing because | say stupid stuff
and | donOt want my ... in fact one of my research fellows said shall we join up as Facebook friends and-1 said no be
cause youOll think IOm a loser and youOll never want to do research with me again.

If | was going to ask a subject-related question 10d probably email, if | wanted to know are you coming to a party, 10d
probably use Facebook.

Similarly, another participant distinguished between the two different purposes, highlighting again the importance of
choosing the most appropriate tool for a particular situation:

If | had a colleague from [elsewhere], | would send them an email. | wouldn®t send them a friend invitatien on Face
book, | wouldnOt send them a Facebook message. Even if they were on the social networking website which they use
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for work | wouldn®t send it there because | know itOs not probably the sort of thing they would look at brst. So | would
send an email and in most cases that would be appropriate.

Comments in the survey also emphasise the division between social and scholarly use:
There are many technical wikis that | use, however | donOt use the other social websites as it seems inappropriate..

There were also worries about the appropriateness of student and staff interactions on Facebook, where postings could
be misunderstood by different sets of people. Survey respondents highlighted policy or institutional barriers to using
web?2.0 tools, including internal policies which stress keeping discoveries under wraps or social media urls being
blocked by the institution. There were also worries about a perceived time-wasting aspect of using tools like social net-
working or forums, as well as privacy issues regarding research bndings Oas ideas are proposals and moneyO.

Several social networking sites were mentioned by workshop participants, including Facebook, Twitter, academic.edu
and Ning-based social networking sites. Blogs and wikis were also mentioned by some. Although the general mood was
not in favour of using Facebook for scholarly purposes, one or two participants did combine social with scholarly in their
use of this and similar sites.

| use Facebook for sharing research and we have a student group in Yahoo for support for PhD students and some
research.

There are a lot of [university] groups on Facebook, so if | canOt bnd an article | put out a request on Facebook.
| go to conferences, meet people, | get their Facebook and we become Facebook friends.

Further blurring of Facebook use was highlighted by one workshop participant who explained that although she would
never give out her Facebook details at a conference, people she had worked with and was also friends with or those who
had been in her PhD cohort were allowed access to her Facebook site.

WeOre all good friends in a social sense and theyOre all on Facebook, but we don®t talk about work.
In a similar vein, another workshop participant complained:

Can we turn this thing on its head and say that this work thing is intruding into my fun time. So maybe | won{t
check Facebook pages by this friend because even though | know theyOll be telling me about their nights out, theyOll
also be throwing in things related to my research.

Use of the more scholarly-oriented social networking sites was not high, although there were one or two workshop users
of each. One workshop participant was a regular user of the forum for the community of e-learning professionals hosted
by the London School of Economics (not his home institution) on a Ning platform used by a workshop participant. An -
other participant highlighted her use of Twitter, but again suggested that she only used it because it was in general use
by others in her department:

Twitter plays a very big role here in my department. ThatOs how | tend to communicate with them. IOm only on Twit
ter because everyone else in my department is on Twitter. If they werenOt on it, probably | wouldnOt be.

Another participant was dubious about the potential value of various Web2.0 applications to her work:

IGve never looked at Twitter. IOve looked at YouTube once. | certainly donOt blog and wonOt ever. Well what would | get
out of it? | donOt see that academically it would be very helpful.

A further comment from the workshop participant who used the LSE Ning site, who was working in the Peld of educa -
tional technology, as was the Twitter user, suggested that the use of Web2.0 tools may perhaps be related to subject area:
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| use blogs to keep up with what is happening with e-learning in the UK as many of the present names keep blogs and
will give references to blogs sometimes. | think reading blogs is part and parcel of research in the UK.

I tend to source information depending on what comes up on Twitter or on Facebook or because 1Om in educational
technology, on the BBC website.

Blogs were also found to be tools to forge unexpected contacts by another participant:

I get in touch with foreign academics by blogging and every now and again somehow or other | Pnd a contact that
way.

There was a hint that perhaps it is early days for using social networking sites for research and that there could be inter-
est in appropriately constructed academically-oriented networking sites. The value of being able to construct an aca-
demic identity which would be attractive to employers was highlighted. Several workshop patrticipants indicated that

they had taken the Prst step in signing up for such sites, even though they were yet to exploit them fully:
IGve signed up to a number of online networking sites.
IOm going to start Twitter now IOve got a proper phone.

| like academia.edu. You can put in your research area and people follow you. 1tOs great for Pnding people with the

same research interests. | havenOt contacted them yet but | know theyOre there if | need to.
It would be nice to have Facebook for researchers.

IOm still not great with Twitter, IOm still experimenting, but you can bnd people from all over the world that have

interesting things to say and trigger ideas.
IGve only just started using Twitter.

The survey results also conbrmed that there was interest in a system for researchers which let users share their research
thoughts with colleagues and collaborators in and easy way, with the option to control privacy settings, with 54% saying
that they would value this greatly. However, survey comments stressed that there is a confusing number of systems,

with some already working well. The problem identiPed by one survey commentator was:

There is just no standard system that for example the university encourages.

In an open question asking survey respondents what future ICT might support their research, a number asked for some
kind of proble-sharing or networking system:

I think a social networking for research ideas would be a nice idea: just imagine if you can put your most recent paper

on your page and get people comments and OlikesO.

| would like to be able to have a more personal online presence though so that | could make links with researchers with
similar interests, to bnd out about useful conferences and journals. At the moment | search for these online but the

most useful info | get are personal recommendations from colleagues.

Something like OFacebook for scientists® would be very useful; also a platform dedicated to protocols and results to
share with other researchers, something like Wikipedia, where you can freely publish your results, with the possibility
to discuss them in a linked forum.

Given the multidisciplinary nature of my beld, it would be nice to have more resources that explicitly map the rela
tionships between topics and current research work at institutions to augment awareness of what is going on world-
wide. There are a lot of barriers due to, unfortunately, geography and language that prevent knowledge transfer

across sub communities.
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Again highlighting a possible Ogeneration® gap, one participant doubted whether those higher up the academic hierarchy
would be interested in using a scholarly network, as they would probably see it as having less value. However others

did give an example of the power of Web2.0 tools to break down hierarchical barriers and provide a way for early career
researchers to participate in high level discussions:

I think itOs true that as you go further up in your career you donOt need these sort of tools.

We have a discussion list in our subject area. 1tOs useful for someone whoOs not a big name. You have that contrast
between quite senior well-respected people putting in a blog post and then brst year undergrads replying so thatOs
very interesting.

IOve inputted a little to online forums, but generally speaking IOm on the receiving end.

Someone read my blog and asked for a meeting B a professor from Australia and | even knew him because 10d cited
him in my thesis. So | said Oyeah 101l meet you!®

Another suggested that perhaps people were not yet fully aware of the ways in which web2.0 style sites should be used,
and a survey respondent explained that her university blocks access to social media sites, thus making academic use
difpcult:

Second Life has to be used appropriately. You have to think why youOre trying to use it. Sometimes having an alterna
tive persona can help. For example if you want to use it for a health training scenario.

Collaboration with colleagues

Distinct from social or scholarly networking, tools specibcally aimed at facilitating the sharing of information between
members of project teams were also discussed in the workshops. As highlighted earlier, a large proportion of the survey
respondents had debned themselves as collaborating with others outside their institution, with a further 12% engaged in
internal collaborations. The issue of easy sharing of project-related information both within and beyond the institution is
therefore an important one for consideration.

There were reports from workshop participants of the use of newer collaboration tools, such as Microsoft OneNote and
Microsoft Groove:

We use a programme called onenote which is basically almost like a scrapbook and we use a tablet pc so when we have
a meeting we record the minutes of these on shared pages, which is quite useful because it can be sent to someone else
and we can tack on Powerpoint bPles and so on.

With my research group we often use a programme called Groove, which is quite nice for setting up meetings and
instant messaging and thereOs a calendar and you can make arrangements quite easily and conveniently.

Web2.0 tools were also used in an innovative way by one or two workshop participants. One media PhD student out -
lined her use of blogs to communicate with fellow students, while another reported the project-based use of a wiki:

The blog is convenient as it supports multi-media bles and a lot of my work includes video and pictures and all of my
friends are doing similar things so itOs quite convenient for us. 1ts the best solution at the moment for us to commu
nicate with each other | feel.

We use a wiki to store all the information about activities within our project, all the meeting notes, etc, everything
which has to do with our research.

Others used more established tools, such as shared internal servers for the combined storage of articles, papers, reports
and data. This was also accessible from home for some using the VPN (Virtual Private Network) system. Teleconferenc
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ing was mentioned by another participant as a useful tool, being in improvement on mass emails, although gaining more
bandwidth for the picture was sometimes an issue.

As another telecomms-related development Skype was mentioned by several participants as a useful tool.

| use Skype for talking to other researchers D itOs nice to be able to use a webcam to see people. IOve done interviews
this way. | talk to people in Chicago for instance. 1tOs nice because you donOt need to travel all that way. It feels weird,
more artibcial because you are putting yourself in front of a computer, not in front of the person.

Virtual Learning Environments, including Moodle and WebCT were also highlighted, with one researcher saying she
found Moodle very intuitive.

However, the survey found that most people donOt use networking tools for their research lives, with 61% saying they do
not use such tools a great deal.

Echoing the issues identibed with other use of ICT tools by early career researchers, however, again problems of others
lacking the skills to collaborate using anything above email were highlighted. Lack of interest or support within the
team, as well as language barriers in one case, and worries over conbdentiality in another, were also mentioned:

With my colleagues on the programme, we used WebCT quite effectively in the brst year but then we changed to a
person who was not so keen on the IT so didnOt bother with it.

ThereOs a seminar group for my subject and we also communicate using email and thereOs a website where have loads
of chat and messageboards, none of which are ever used.

We canOt upload things onto the shared space without it going through the team in [European country] and thereOs a
language problem with some of the team there so itOs quite difbcult as thereOs a time lag of about 3 days up to 2 weeks
sometimes with getting the documents on there. So the technology is there but people canOt use it and if it was used
properly it would really help the way in which the project functions.

Apart from skills and engagement issues, one workshop participant also pointed out that he would be wary of sharing
an article under development within his department, due to academic competition fears.

Not just ICT
What was surprising to several workshop participants, when they were assessing their networking methods, was the

continuing importance of face to face networking.

1Gm surprised at how much is face to face and how much is conferences. 1tOs that melting pot. 1tOs not just a whole day
of hard core academic talks but then in the evening people tend to socialise and relax and that®s when-you form col
laborations.

With collaborations | Pnd it a lot easier to discuss things face to face.
Face to face is a vehicle for establishing personal relationships.

Another workshop participant mentioned the value of face to face networking to her research, with yet another high -
lighting the importance of these networking skills:

The thing that works really well in the university is the way that people network through their faculty and through

their colleges, so accidentally and fortunately meeting people youOre having dinner with through their colleagues.
Without that | wouldnOt have a PhD. ThatOs face to face meetings, lucky chance meetings with people who understand
what youOre trying to do.
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ThereOs not necessarily a list which will tell you exactly who to speak to, itOs something you have to discever for your
self. You have to spend a bit of time researching the right person to speak to if you can. YouOve got to be quite
autonomous. How you go about Pnding them is your own responsibility.

The willingness of new generation researchers to adapt their tools to the situation was highlighted by workshop partici -
pants. Two research students illustrate contrasting ways of getting in touch with Peldwork contacts, each appropriate to
the recipient of the communication:

I have a lot of beldwork contacts that | keep in touch with. Some by email, some by phone or letter because they donOt
do email. 1 don®t think [one contact] has a computer. HeOll phone me. HeOs about mid-70s.

| found when | was doing research with younger people b early twenties, their email culture is quite different from
what IOm used to. IOve found that when you invite them by email to take part in research you usually get one or two
responses out of a hundred. But if you phone them via their mobile, not even their landline phone, their responses are
quite prompt and the likelihood that theyOll be interviewed is quite high. A mobile is a much better way of getting in
touch with them.

Is the new generation researcher an ICT expert?

When asked about their ICT skills levels, the workshop participants expressed a range of competency levels, from Opretty
good® to Opretty lowd. The nature of the workshop probably made it more attractive to people with a higher level of com
petency than average, although attempts were made to attract and select a range of skills levels. One participant com
mented that her ICT skills had improved during her research studentship:

I have had to use technology in order to support my research. [My skills] were OK before but have got a lot better

now.

What was evident was that each researcher tended to build competency in the ICT services and software which were
relevant to their type of work. This was not the whole story, however, as individual preferences also played a strong role,
although some did try to overcome this.

Generally speaking | would search for a tool until | Pnd something | like.

I have a better understanding of statistical packages than say NVivo, though 1Om learning it under duress as | want
to be a complete researcher.

| have moderate IT skills. Depends on which ones youQre talking about.

Suggestions that the ICT skills goalposts were continually moving were also made. This was linked to both changing
fads as well as to technological advances in what is possible.

Just knowing how to search a catalogue online doesnOt make me feel like 1Ove got high ICT skills. Using a wiki and all
those things, thatOs what | call high ICT skills.

EitOs on something called Dreamwidth, which seems to be the new fad, but then that seems to be over as well now.
Mention of lack of technological innovation was also made, indicating that there is still scope for progress to be made.

For most of the local newspapers [I| need for my research] you still have to go to Colindale [Newspaper Library]. You
either get it as paper or as microbche or microbIm.

The skills of others were also mentioned as something which needed to be taken into account when communicating with

research contacts:
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There are huge numbers of people that you canOt communicate with using ICT because these people take the view that
theyOve just moved on to fountain pens from quills and theyOre not about to go and do things like IT. You have to
speak to those people, you have to go and see them, you have to talk to them.

It does matter if everyone else can use them. ThereOs one particicular tool that a certain set of people can use and if
theyOre not around then itOs no good to me.

The importance of training, particularly that which is tailored to researchersO existing skill levels, as well as to their spe-
cibc need was also expressed:

| did go in the early days [of my PhD] to a course on databases but it was too advanced for what | already knew, but |
would have valued that enormously to have been able to put some of my things into a database.

Each of us has our own problems and our own needs and a generalised session is no use.
I think 1 could use ICT much more than | do now B but | still donOt know how to use things properly.

I don®t think | have enough knowledge to use [Nvivo] to its full extent.

How does the new generation researcher see the role of the institution?

There was general appreciation of the support which universities were giving to researchers in the form of library re -
sources, software, hardware and IT support. However, problems were identibed by workshop and survey participants
and there were also many suggestions for improvements.

Problems included a crowded and OnoisyO researchers® website at one university, which meant it was difbcult for-re
searchers to bnd out about training and funding, or to get access to IT tools. Occasional passing of the buck between dif
ferent sets of support services was mentioned when researchers tried to get help. A lack of enough licences for software
such as SPSS, Endnote and MatLab was also mentioned. It was also reported to be difpcult to Pnd details of external con
ferences easily, due to a lack of listings within the university. A general lack of centralisation of resources and access to
these resources was another complaint, with a suggestion that it would be helpful if there were only one place to look.

Clearly there are all sorts of different things happening in different departments that no-one else knows about.

A general plea for Oeverything to work and be seamlessO was made, as well as a request for a forum or message board
which would bring people together online to share ideas. A portal which gathers livefeed information from different
journals was also mentioned as desirable.

Although there was appreciation for training courses, there were also complaints about courses getting booked up
quickly by those Oin the know® . More publicity and more courses were therefore requested.

Some suggestions were met with other workshop participants pointing out that the requested facility already existed: the
requester just hadnOt known about it.
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Overview: the life of the early career researcher

All early career researchers are unique. Although it can be tempting to generalise or stereotype (perhaps separating PhD
students from postdocs, those researching humanities from hard sciences, and so on) we do not bnd that these groupings
are always re3ected in behaviours or attitudes around their research and ICT use.

One thing to remember is that researchers who are starting out in their careers can be any age. Many do arrive at their
PhD studies newly graduated and of a conventional age. But there are also many researchers in the 40s and 50s who
have left their career in business or education and returned to academic life. All these individuals will have experienced
a lot of transition, in many cases not just moving institutions or changing a career, but moving to a different country too.
Constantly adapting to change places people under pressure; add to that the pressures of deadline, the competition for
post doctorate places, and for funding, and you begin to get the impression that to embark on a career as a researcher
takes a lot of determination and effort.

Relationships and networks

For early PhD researchers their supervisor is in most cases their single most important research relationship, but in the
workshops it was clear that many considered their families to be important research contacts also, motivating their re -
search and in some cases introducing new contacts.The supervisor/supervisee relationship was reported by some to be
a very Odirective® experience and consequently may have a restrictive inBuence. Supervisors, and established researchers
in general, can be very conservative in terms of the behaviours, tools and methods that they use. Some PhD students will
stick to their supervisorOs tools and resources, and may not network outside their research group very much, which may
substantively limit their experimentation and awareness of other tools. If this situation is compounded by their supervi -
sor being hard to reach it can make life extremely difbcult. In the minority of cases where PhD researchersO closest rela
tionship was not with their supervisor, this support and guidance was often provided by other members of their research
group, especially new postdocs and their peers. It is worth noting that this strong peer support may less readily avail -
able for ECRs in the humanities, who may not be part of a larger group and, not requiring laboratories, may have less
opportunity for contact if they are.

For new postdocs it was clear that while their new colleagues are important nodes in their networks, in most cases their
ex-supervisor remained an important contact, and possibly a gateway into related networks. Postdocs were also more
likely to have research collaborators outside their institution, although this was still relatively uncommon. ECRs inter -
viewed individually often reported a strong sense of being Oon their own®, implying that the relationships rated OclosestO
are not necessarily Oclose®. We can distinguish between Ostrong® and OweakO ties, strong relationships being close col
leagues and friends, whose information overlaps considerably with what we already know, and weaker acquaintances
being more likely to provide us with novel information, because they move in different circles. The strength of a relation -
ship may depend upon its duration, intensity, intimacy and trust levels, and the benebts both parties receive 24.

Local, physically proximate relationships were generally dominant in ECRs research lives. The Oglobal village® in which
relationships are independent of location, responding to remoteness by merely shifting channels, was not notably in evi -
dence. Relationships involving frequent face-to-face contact were supported by the greatest variety of ICT tools - Skype,
MSN messenger, Google documents, wiki pages etc. The use of multiple redundant communication channels character
ises particularly Ostrong ties.O It is difbcult to say for sure whether face-to-face contact is simply another OsymptomO of a
strong relationship, or a necessary enabler of it, but it is easy to hypothesise that physical co-location affords frequent

24 http://en.wikipedia.org/wiki/Interpersonal_ties
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opportunities for interaction, which can include negotiation of alternate channels of communication. Workshop partici -
pants felt that fact-to-face was preferred for questions and problems, benebpting from body language, tone of voice and
gestures.

Participants also made particular mention of the need to use communications tools which are shared by their partners
and collaborators, and it may be that this negotiation of mutually-acceptable channels is in fact a signibcant hurdle to
uptake.

Peer support, usually within the group and almost always within the university, was important for all PhDs, and in fact

a rare example of new IT technologies enabling new ways of working. A number of participants reported using blogs

and RSS feeds to keep up to date with their peers, and one reported using their institutionOs ConRuence wiki-hosting
service to set up a wiki for PhD students in their group.

ECRs maintain a variety of networks for different purposes, although they often overlap. Existing networking tools do

not properly support the complexity of these relationships: they fail to accommodate the different kinds of relationship;
such as supervisor, colleague, contact, Ofollower®; and different networks, such as family, non-academic practice, home-
institution, peers, friends, teaching and research. In connection with this, it is worth noting that while professional con -
tacts, especially with peers, often blur into social contacts over time, the reverse is rarely true. A number of participants
were concerned that they should present an appropriate persona in each network.

As well as connecting to people, early career researchers are also engaged in building their proble as scholars. Academic
'identity’ is not simply a matter of changing role through oneOs career, but rather dealing with ‘intersectionalities’. Stu -
dents may be encouraged to leave behind professional life and become a researcher, or to stop thinking like an under
graduate, but this tends to be rhetoric, rather than reBecting how they actually manipulate a constantly changing work
and social environment.

Participants generally considered Facebook to be a Osocial® network, where OsocialQ is taken to mean Onot work-related® - a
clear demarcation that many participants extended to a general separation of work and leisure. Professional contacts

could become Ofriends® on Facebook only through social relationships, but most ECRs simply could not imagine using

such tools for work. Some participants used email for network-building, but in general face-to-face was by far the pre -

ferred method. One participant questioned the need for networking, suggesting that most belds are sufbciently special-

ised that it is possible to get to know everyone in the beld quite quickly. This is in some cases true, but clearly not in all;

this may neglect consideration of the benebts which commonly arise from transfer of ideas between Pelds, and also im
portantly the changes within academic pelds themselves. Many ECRs reported the importance to them of opportunities

to gain inspiration or feedback from academics both within and outside their own institution, highlighting that making

contact with others is a vital element of supporting early research careers.

In Pelds with strong industry connections or communities of practice, such as bIm, engineering, and education, ECRs
often cultivate Oreal world® networks for research contacts, possible funding opportunities, and future employment.
While working away from home, on beld studies or sabbatical or study, ECRs reported making strong efforts to maintain
existing networks. One PhD patrticipant described a network primarily composed of peers, friends and ex-supervisors
back home in Hong Kong. It was clear, also, that many considered their families to be important research contacts, pro-
viding motivation and in some cases, research contacts. A number of participants mentioned a need to cut themselves
off from such social networks, and even from traditional channels of communication, for periods of time, in order to
think without distraction.

Conferences were considered the main source of networking opportunities, although only two participants had made

use of specibc pre- (meeting organiser) or post-conference (delegate wiki) support for this. While conferences were con
sistently rated important for networking, they were considered only moderately important as inBuencers of research,
seen as slightly more inRuential than other Okeeping up to date® activities such as browsing new journals. Online semi
nars were thinly used, perhaps also due to the lack of networking opportunities compared with a Olived version. In gen
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eral, networking and collaboration tools attached to conferences and research programmes were often considered not
usable enough, leading to poor initial take-up and so no Onetwork effectO.

Compared to PhD researchers, postdoctoral researchers do try more different things in terms of tools, web sites and net
working. The need to succeed - now that they debnitely are set upon a research career - may drive them to experiment
more and because they are interacting with a wider range of people during the course of their work and at conferences,
their networks start to grow. Equally, they may be more constrained than many PhD students, as they tend to work on
someone else's project, or within a team with established practice.

Many ECRs reported the importance to them of opportunities to gain inspiration or feedback from academics both
within and outside their own institution, highlighting that making contact with others is a vital element of supporting
early research careers.

Transitions

The life of the early career researcher is often debPned by frequent, major transitions: a new job (usually a short term con
tract) or studentship, a change of supervisor, a different institution, a new city (or even country), and almost always into
the culture of oneOs new research beld. This culture might affect the ways and practices of working, the measures of suc
cess, the people one needs to know, the language and terminology, the expectations for outreach or collaboration, and so
on. There is a great deal to learn quickly - and this is on top of the task of research itself, which is all about discovering
new knowledge, by Pnding new resources and people.

The challenges of btting into a new community can encourage early career researchers to be conservative, using estab
lished practices and methods, rather than going against the Bow. Established researchers may see some new ideas, prac
tices and ICT tools as frivolous, or a waste of time; it should be remembered that adopting tools may be comparatively
easy for the new researcher who is starting from scratch, but harder for those with existing datasets and processes, which
may not be straightforward to convert to new systems.

Whilst attempting to bond with new peers in a new research environment, the early career researcher will also be aware

of the pressures of competition; jobs, funding and publication slots are all limited, and each researcher will be competing
with their peers for some of these, whilst supporting and collaborating with them in other ways. This can make for chal -
lenging relationships, and identifying who and what to trust is critical.

The question of identity and future career will also be big in a researchers mind. There might only be one or two suitable
postdoctoral research posts within their department and there will be competition to get on, say, the only place on a spe-
cibc conference, or take advantage of other rare opportunities to acquire skills and knowledge. If they donOt get a new
contract in their existing group or department, should they look at other institutions or move into a different career? The
end of a PhD is a time for decision-making, as is each transition between postdoctoral short term contracts.

Having made the transition to postdoctoral research post, while only a few months into to their project, which is most
likely to be a short-term contract, they will be casting around for the next project. This could involve making proposals
and submitting bids for funding, perhaps for the brst time. The desire to understand and successfully navigate through
the funding process is keenly felt and some people at this stage in their career seem to be unaware that making contacts
within funding bodies and building up those relationships may be an important part of the process of applying for

grants. However getting tips and advice is difpcult. Peers do support each other, but it will only up to a point, as every -
one will be chasing the same pots of money and the inBuence of competition will again be felt.
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Choosing ICT tools

Throughout the workshops it was apparent that ECRs are aware of and experiment with an enormous variety of ICT
tools. It is impossible to say OECRs use this or that toolO, because there is no such a thing as an average ECR - it all de
pends on their disciplinary and group cultures, personal preferences, and, perhaps most importantly, what they have
come across.

Some tools of course are simply not useful, but many could be useful were it not for some common obstacles that pre
vent ERCs from obtaining full benebt. Sometimes the problem is that it is simply not clear how a tool that is not specib -
cally designed for scholarly communication can be used in that way. A small minority of workshop participants were
using Facebook (and Academia.edu) for professional networking, and once they had discussed this other participants
became more interested in the possibilities. This movement from scepticism through exposition to interest was recurrent
for novel communications tools or uses of them. One participant, discussing Facebooks® sophisticated privacy controls,
said that their institution ought to provide OFacebook trainingd to help them realise the applicationOs possibilities. An
other participant used Second Life for holding meetings with people around the world, drawing expressions of incredu -
lity from others. To put this in context, it should be noted that a signibcant number of participants relied exclusively on
email, phone and face-to-face meetings for academic interactions. Only approximately one in ten participants reported
using Twitter, Facebook, forums or blogs in their daily research practice. As an example, those engaged in software de
velopment as part of their research commonly resorted to forums for software support, but not for questions of a more
academic nature.

In such cases where awareness of how tools could help with research limits take-up, training, evangelism and institu -
tional approval could all help. Institutional approval in this case relieves ECRs of the burden of each having to reinvent
the wheel by evaluating from scratch the relevance and usefulness of tools. If there is a credible consensus or authority
that a tool is useful, ECRs will be prepared to invest more time, knowing that mastery will bring benebts. Ofpcial en -
dorsement also reduces the fear of being criticised for Oputting style over substanceO - a theme which cropped up repeat
edly in a number of discussions, e.g. one participant criticised meeting in Second Life on grounds that the novelty of the

experience would overshadow the point of the meeting.

Another perceived problem was the serendipitous nature of how ECRs typically discover useful tools, often being intro -
duced to them via their networks. Tools which they now consider indispensable might easily have escaped their atten -
tion for years. Even within the workshops, numerous participants were excited to learn about tools which they could
immediately see would be of value to them, but about which they were previously unaware. Because of this a common
request was for mechanisms by which ECRs could be notibed of new tools.

Centralised tools of all types were popular for their ability to provide a common platform, available to and understood
by everybody, or to save effort by providing an aggregation layer.

Challenges to the adoption of ICT in Early Research Careers

The popular impression of early career and young researchers at the moment is that they are whole-heartedly embracing
new technologies and using them in innovative ways to support their research. Digging into this a little deeper revealed
that while researchers almost universally search for documents online, their use of OWeb 2.00 tools in service of their-re
search is not happening to the degree that we might brst have imagined, or which is sometimes portrayed in the media.
Our study found that 72% of early career researchers do not use Web 2.0 or social media tools to share their research, for
example. It would appear that at this present time there are in fact a number of barriers that researchers and institutions
need to break through if these kinds of tools are to have any signibcant inBuence in the early careers of researchers.
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Social constraints

OFaceBook is for fun not workO

In reality most researchers are not the Oearly adopters® one might suppose. In terms of their working day, traditional
methods are still dominant and Web 2.0 tools are more likely to be associated with social recreation than with their re -
search. FaceBook in particular was considered not at all appropriate for work. Most researchers actively separate their
FaceBook contacts from their work contacts and would normally be unlikely to include a contact they had made at, say, a
conference. Usually the only work colleagues that seem to get included in FaceBook are people who are already friends.
However there is always an exception to the rule and there was one instance where a researcher had a much more holis
tic view of his relationships and deliberately used FaceBook to keep in touch with his research contacts.

Real relationships are extremely complex, governed by subtle social cues which may not translate well to online chan-
nels, and dynamic on a very rapid timescale. The kind of relationship debnition which could be understood by todayOs
computer systems are generally not rePned enough to reRect the realities of academic relationships. OBob is a fellow PhD
student in my research groupO does not tell a system enough about whether the user trusts Bob enough to share, is wor
ried that Bob will get the only postdoc position going, has fallen out with Bob this week, or is working very closely with

Bob on an important paper. The simplistic (or unusably tricky) privacy settings of common web systems today do not,
therefore, encourage ECRs to use them for research.

Conbdence constraints

Ol wouldn®t want to share my half formed ideasO

Many ECRs were uncomfortable with the idea of sharing raw ideas in an academic domain, e.g. citing this as a reason
not to keep a research blog. Interestingly the problem did not seem to always be one of credit, but of face. They were
less concerned about Ogiving away ideasO (although this was a worry to some, either to themselves or their supervisors)
than about exposing themselves to criticism. ECRs take risks to their reputation seriously.

ECRs in our study often reported that they wanted to share more aspects of their work, but felt unable to; this was some-
times because of doubt over whom to share with (often connected to trust and privacy questions) or because of uncer
tainty around the Orules of engagementO and what is acceptable within their institution, group or beld.

Skills constraints

Many researchers do have virtual research environments (VRES) at their disposal, usually hosted by their university, and
are aware of other online tools that could be useful. However if they are working in a group they have to Omove at the
speed of the slowest member® in terms of any tools that they adopt. Many VREs employ wikis as a central feature and a
large number of researchers do not have the skills to use them. Research groups will therefore mostly work with tools for
the lowest common denominator. Nonetheless, one researcher in our study found herself in midst of a group who all
knew how to use wikis, so she learned the requisite skills, which may suggest that the support and infBuence of peers is a
determining factor in what kinds of tools are adopted.

Early careers researchers can suffer from isolation and a lack of support, which deters them from trying new things or
investing a great deal of time in formal learning of new tools which may not work out for them. For example, they can be
over reliant on search engines (which are available to them in all their career stages, unlike library facilities, which tend
to vary more between institutions, and may be less intuitive for the new generation of researchers for whom the para -
digms of traditional library searches are unfamiliar) and consequently often lack the skills needed to navigate a library;
however they will be unaware of their own needs in this regard. Their peers are their primary source of support, rather
than formal training courses.
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Institution constraints

Researchers may bnd it difbcult to obtain full access to resources and tools. Many PhD students are very reliant on the
resources they can access through both their supervisor and their university. In one of the groups in our study we heard
about how a professor had taken the unusual approach to holding a conference by hosting it in Second Life. Unfortu -
nately a large number of the researchers he invited were unable to participate because their particular institutionOs inter
net policy blocked access to Second Life. We also heard from researchers who could not use tools such as Skype, because
of network restrictions imposed elsewhere in the institution.

Participation constraints

Projects that required the participation of certain organisations or groups of people will also have a bearing on what

kinds of technology are used to procure their involvement. One of our study groups needed to use Victorian newspapers
as one of their sources and these were in the care of a small specialist library. Correspondence took place via letters rather
than email. Using letters as a communication channel was not uncommon and several of the researchers explained that it
was better to correspond with businesses by letter as they got a better response than email did.

In terms of tool use, choices have to be made to suit not only the job, and the skills of researchers but also the other par
ties involved.

These constraints do not mean that researchers arenOt using online tools, they are, but not necessarily for all aspects of
their research. If we look at research in terms of the areas ofpractice communicationsand managemenive can get a better
view of what is happening away from the Obuzzd of Web 2.0 and see where ICT currently has the greatest inBuence.

PRACTICE: Apart from the use of search engines to retrieve data and documents on the internet, most IT tools that are
used at the moment are off-line. Tools that actually enable research practice online are comparatively rare and Web 2.0
technologies have yet to have any signibcant impact on actual research practice. Future tools in this area will no doubt
move many of the tasks that researchers do online, but solid research practices may be less likely to change.

All ECRs make great efforts to keep abreast of their Peld, using a variety of tools according to their knowledge and pref-
erence. Publication alerting services such as ZETOC were not universally known about, but considered valuable and
time-saving by their users. Other participants reported routinely scanning journal websites for new material, or sub -
scribing to journalQs tables-of-contents emails.

For literature search, ECRs again used a variety of tools occupying a spectrum of efpbciency. Several relied on Google
Scholar, a tool which is very usable but whose coverage and up-to-dateness are not transparent. Others used biblie
graphic databased such as INPADOC, Web of Science or similar. Institutional library search tools were generally consid-
ered not user-friendly and were used only where ECRs were required access to specibc resources held there. These eb
servations support the idea that ICT often merely facilitates research skills which still need to be taught.

COMMUNICATIONS: Some research projects now have blogs and some researchers in their early careers will choose to
blog online as an alternative to keeping a project diary or notebook. A few research groups have opted to blog in the
same place where there are others in the same discipline so that they can comment on each otherOs work or share ideas
about work processes. This is more of a shared notebook approach than the dissemination use of blogging that is em
ployed by project leads or senior researchers for their projects.

MANAGEMENT: The advent of online tools has perhaps had its biggest impact on managing research projects, espe
cially with support for remote working. The emergence of good online collaboration tools has made it more practicable

to support multiple institution projects and enable researchers to collaborate even though separated by many miles.
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How can technology support early career researchers better?

Although asking people what technology they think would help them is not the best way of identifying useful future
technology developments, as it can be very hard for people to imagine what might be possible, it can be informative. As
well as gathering data through workshops and the survey, in this and the following section we also analyse our bndings
about the lives of early career researchers, and our expert knowledge of the domain, to formulate some ideas as to what
developments would best support these researchers over the next bve years.

What do early career researchers ask for?

Survey respondents made various suggestions for the improvements in ICT they would like in the future to help them
with their research. These varied from blue-sky type suggestions to ones which some would argue were already avail -

able. Suggestions included:
Software:
¥ Integration across all software applications.
¥ More user-friendly statistics packages.
¥ More development of image analysis software.
¥ Total online collaboration environment which effectively links into existing of3ine tools.
¥ More use of open source formats instead of Microsoft programs.

¥ Transcription software for interview recordings.

Collaboration tools

¥ Anonline searchable archive or successful and unsuccessful previous funding applications for a wide variety of
subjects across the UK or the world.

¥ Better search facilities on your own or othersO Facebook walls to enable it to be better used for research pur

poses.
¥ Anonline network where researchers actually go which would also facilitate networking between faculties.
¥ More developments in the Peld of remote conferencing.
¥ The entitlement to a university afbliated blog to aid legitimacy.

¥ Transparency: make blogs and research reviews part of the deal when you sign up for your PhD/research pro -
ject.

¥ The facility to create a more personal research-based online presence to enable links with researchers with simi
lar research interests.

Resource provision / exploitation
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A database of reviews of scientibc papers.

A means of making academic research easily available to relevant non-academic pelds.

Something like Wikipedia where scientists could freely publish their results and discuss them in a linked forum.
More digitised historical resources.

Open Access to articles, while preserving the integrity of the peer-review process.

A good centralised online database of papers where it is easy to comment on, make corrections, Odigg®d the-pa
pers and forward them and which is also well integrated with reference management software.

Alternative ways to full papers of publishing results, such as abstracts with graphs and images, summary pa -
pers, online presentations.

A database which contains all the free-access publications.
Access to e-journals when no longer a part of a university.
Improvements to the current model of citation.

Resources which explicitly map the relationships between topics and current research work at institutions to
augment awareness of what is going on world-wide.

More translation of research into other languages to enable sharing of different ways of thinking.
An Amazon-style facility which informs of new journal articles based on previous reading.

Rich metadata generation software which can also capture a processing audit trail.

Hardware tools

¥ Advanced mobiles to use for research purposes.
¥ Asuper-lightweight and durable digital notebook I could throw around and spill water on.
¥ An e-book reader suitable for use with academic books.
¥ Tools which make building websites easier.
¥ Tools which make movies and graphics more portable and easier to use.
¥ Developments which do not require a high level of ICT knowledge or skills.
¥ A means to store and search research notes online which is fast and easy to use.
¥  Oi-TunesO for academic papers.
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Summary of the early career researcher

The next generation of researchers draw on a range of tools B sophisticated Web2.0, basic email, mobile phones, plus face
to face and handwritten notes. They are very Rexible and sensitive to the needs of others, adopting communication
channels to suit the needs of collaborators and supervisors. They are generally aware of the benebts of networking.

Early career researchers are willing to experiment with new technologies if the benebts are clear, although they can be
held back from adopting new tools by other researchers, who may view innovations as frivolous, or time-wasting, or
who are unwilling to adopt new systems themselves, keeping the ECRs from moving to new shared systems. Institu -

tional limits, such as the blocking of social media sites or lack of support for certain software, can also restrict the take-up
of new systems by young researchers.

These new researchers want to retain their own boundaries between their scholarly and social lives, even if these are

blurred. They are generally open to sharing their work to some extent, although they have concerns about the circum-
stances when this might be appropriate. The idea of bringing powerful OsocialO features to research collaboration envi
ronments is strongly appealing.

Despite the challenge of balancing trust issues - the complex environment of mutual support and competition amongst
peers - ECRs know that peer help is the best way to discover new technologies and learn how to use them well.
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Recommendations

Research in a virtual environment

The traditional view of the virtual research environment (VRE) is a system designed for an institution or research pro -
gramme, and to date VREs themselves are early ideas and prototypes. As this technology - and more importantly, the
communityOs understanding of the needs and requirements for this technology - matures, we anticipate a new VRE con
cept emerging.

Early career researchers do research and communicate and manage their work in all kinds of places and ways, and the
online environment is just one of those. We see researchers carefully selecting tools which support the many and varied
aspects of their work, and combining those as they see bt; even within a research group, individuals are using suites of
ICT systems which they have personally selected and customised. The VRE is the environment in which research hap
pens online, and as such is comprised - for each researcher - of the set of tools and systems which they choose to work
with, which may be integrated together technically, or entirely separate. The tools themselves may be provided by insti -
tutions, learned societies, government bodies, research groups and individuals, volunteer open source projects or corn
sumer technology providers.

Understanding that a useful VRE is comprised of carefully designed tools, each catering to a specialist niche rather than
trying to be all things to all researchers, will be critical in ensuring adoption and utility of new systems: a monolithic
system requiring total commitment from its users may not meet the needs of researchers as well as their own selection of
smaller tools.

Two key aspects of the VRE and similar collaboration tools today stand out: the fact that everyone in a group or institu -
tion shares access to the resource (and access to training/expertise if required), encouraging widespread adoption, and
that the security of bles and data is a given (assuming options are not selected to share content publicly). The tools that
comprise future VREs need to be designed with security from the ground up - but also need to support openness to the
same degree. Researchers or perhaps institutions or funding bodies will want to be able to control their work and decide
what level of privacy they require and be able to change it if need be. However, when we consider the former point,
although there are benebpts to a single, widely-used system, this tends to point to a large institutional-scale platform, and
given the mobility and transitory nature of the early research career, we instead recommend that either more modest
scale individual tools, or cross-institutional platforms are developed, as these will better serve the ECR.

Cloud-based research tools, with clear independent governance if possible, would greatly benebt early career researchers
as they are truly separated from the institution or project, allowing ECRs to work effectively, develop their own concepts
and projects, and not to lose valuable time when moving between roles.

We should continue to work on creating better and better interoperability so that applications of choice can be cherry-
picked for the VRE, so that data and documents can be searched and retrieved without leaving the secure environment
of the VRE, and so that connections can be made to systems, resources and equipment operated and hosted by all kinds
of organisations. In addition, support for some of these tools to be used through mobile phones, smart phones, and net-
books would be valued by early career researchers who are not always based at a full size PC.

More development is also needed in the area of bespoke or tailor-made tools. While some institutions or groups may be
willing adopt a generic research tool, others may want their own or may need special customisations for their data types
or research practices. Big research programmes might have suites of tools, which are customised for their work by people
who understand the software and can draw out the needs and requirements of the researchers at the start of the pro
gramme, in order to create tailored systems for the large collaborative group.
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Given the mobility of ECRs, and the need to support movement between institutions and research groups (as well as
concurrent overlaps between research belds for those researchers engaged in interdisciplinary work, or between research
projects governed by different organisations), data portability must be a critical aspect of future tool development. Mov -
ing between tools needs to be easy to do, so that academics only have to enter data once; and if through designing for
portability we also gain the benebts of the ability to mashup data from different sources, so much the better.

Data portability also supports longer term needs. Established researchers may be nervous about adopting new technolo-
gies, as they need to import data from their existing systems, and know that this, combined with changing work prac -
tices, can be very time consuming. This concern stems from their longer experience, and previous attempts to move
from one working system to another; early career researchers are less likely to realise how challenging this process may
be. This means that ECRs may not evaluate a new technology in terms of the effort of exporting information in the future
and may struggle later on. Designing tools such that this process is eased would be a boon to ECRs, even if it is a need
they do not recognise when they are starting out in their research lives.

Scholarly Networking

There is clearly a role for a specialist professional networking system for researchers where they can manage their con
tacts and their probles in a secure environment. And there is debnitely a desire amongst ECRs for this kind of facility but

it order for it to be adopted it would have to have the backing of respected institutions as security, privacy and authority

to enable researchers to entrust their careers to its keeping. For the particular case of early career researchers, such a sys
tem must also respect their mobility, and support them through moves between institutions, without loss of data or
complexity of migration.

Systems in this area should be designed to enable researchers to bnd new people, or to stay in touch with those they al
ready know - maintaining the relationships. These are two distinct tasks, and should not be muddled in the minds of
system designers. For ECRs, Pnding new people is a key challenge and important for their careers; relationship man
agement after a new contact is made is not without its challenges, but is a task which ECRs can tackle using existing
technologies as well as new ones, with individual choice of how to keep a scholarly relationship going being valuable.
The emphasis, then, should be on software tools which support ECRs in building out their networks with new people -
and new resources.

Again, networks are important, whether or not all ECRs realise this at the start of their careers, and as such scholarly
networking systems which are tied to institutions or research programmes must support data portability to enable early
career researchers to take their hard-won contacts and carefully constructed probles with them when they move.

A better alternative would be cloud-based systems, which a researcher could use throughout their academic lives, with -
out needing to migrate on every role change. Another key element of the scholarly network is the ability to connect to
those who are outside an institution, or even beyond the walls of academia altogether; scholarly networks situated in the
cloud are particularly well-suited to supporting this.

Scholarly networks should support OsocialO functions too. This does not mean the absurd Osheep-throwingO and other
antics of FaceBook, but instead features which recognise and ref3ect the benebts of tea-room or pub culture which con
nect and bond many dedicated research groups; these features would support close, friendly group interactions in an
easy way.

The developers and deployers of scholarly networks need to understand that as early career researchers select the tools
that work best for each aspect of their work, they will do the same for their networks. They will debne their own
boundaries between work and non-work, and will use networking tools (be they scholarly networks, LinkedIn,
academia.edu, FaceBook or others) as a portfolio to support the various potentially overlapping networks which they
recognise in their lives. Networks (as other tools) will be adapted and repurposed to the needs of individual researchers,
and this should be viewed as success, even if it is not the use originally designed for the tools.
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Creating tools which bt into research lives

ECRs are experimenting with a great variety of networking and communications tools, but on the whole except where
they support established ways of working they do not bnd them especially useful. Instances where they do bnd them
useful include peer support within their institution or group, via blogs and wikis, for strengthening already-close work -
ing links within their research group, and, less often, for enabling long-distance collaborations. When asked about their
vision of how IT will support them in the future, ECRs have difbculty envisioning any signibcant changes - there is little
OpullO.

Developers of research tools should work hard to ensure they understand the challenges and motivations for the re-
searchers they are targeting, as well as any working practices which need to be integrated with new tools to encourage
adoption and effectiveness of the tools. It is worth noting that this can be at odds with the idea of innovation, and of
supporting early career researchers for whom new methods may work better than established ones (even if the old guard
may disagree). The tension between btting into an existing community of practice, and bringing fresh ideas and accep-
tance of technology, is inevitable, but is something which can be respected by development teams.

There are two main ways by which teams can learn about the researchers they wish to serve with a new system. One is if
developers have a background in the research Pbeld in question, or can be embedded into the research environment for a
period of time, to work alongside the researchers, observe their practices and culture, and to develop tools in a collabora-
tive, co-design methodology. The second is to engage a properly planned and structured user research programme,
which will deliver a strong understanding of the aspects of the research community and task which bear on the tool to be
designed, followed by a user-centric design process, in which real users have frequent opportunities to try out prototype
systems as designs are iterated, before substantial software development is undertaken. We strongly recommend that
teams developing research tools use one of these methods, and allow adequate time and resource to do so properly.

We have seen that adopting new tools can take time, and time is of great value to researchers. Reducing the training time
will hugely increase the likelihood of adoption, and cutting down the time taken to complete a common task using a
software system will make it more useful longer term as well. As such we advocate more investment in developing intui -
tive user interfaces, as making tools as easy as possible to use is essential in making sure they realise their potential in the
support of academic work. This should not be the afterthought which is so common in software projects, where a
developer-lead design is put in front of a handful of users just before release, and a few tweaks made to wording or lay -
out to meet any instantly observable problems. Ul design should be integrated at all stages of the project, and to get a
truly great Ul design a project must engage users from day one to ensure that the tasks the system will enable are useful
to the researcher and being approached in an appropriate way.

Open research practices

If ECRs are to develop and adopt new, more productive ways of working, they need more than just tools. They need to
be given more Rexible funding, capable of supporting more ad-hoc, Rexible collaborations, even across national borders.
They need to be given credit for not just formal publications and conference presentations, but also dissemination such
as blogging, and contributions to discussion in online communities. The metrics for these already exist: it is easy to
monitor the impact of blogs, and discussion forums have long included ranking systems for contributors.

If Oopen notebookd research is considered desirable its benebts must be shown to outweigh the perceived risks, of loss of
face/reputation and of being Oscooped®. Funding bodies must believe they can deploy their research funds more effec
tively by promoting such such practice.
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Niche tools for niche belds

Early career researchers appreciate data being available online, and as such we recommend development which brings
research equipment online. While some of this is happening already, more thought needs to go into how research data
should be stored from day one so that at the end of a project it can be meaningfully used by others. This applies as much
to repositories and data collection from ofRine systems as it does to OnetworkedO data-gathering equipment.

Support for, and actual development of, more specialised research applications and widgets to enable online analysis
where appropriate, as well as supporting innovative uses of existing data or open data repositories via mash-up technol -

ogy, would also be worthwhile.

Research tools need to be designed with multiple niche requirements in mind; for example being able to install a widget
into an iGoogle portal page that would enable you to control the Hubble telescope would require stunning interoperabil -
ity and hefty security as the same time. This initially sounds appealing, but a researcher would wish to log the com -
mands they used for future reference in something like a lab notebook, and potentially connect to the widgets of others
engaged in on similar work; these less obvious features might not be thought of in a poorly planned development effort.

Tools for every research angle

Tools which can improve the 'I'm there with you' feel of research will be especially valuable to early career researchers,
who can feel isolated and alone. The sudden emergence of Google Wave, and its instant adoption by Open Data and Ae
cess advocating scientists as a way of connecting research data to a community space for comments and analysis shows
that many people are working on this 5.

As well as this OsocialO research support, we see needs for new technologies to support three clearly differentiated areas
of scholarly activity:

1. research skills. Tools which can support the acquisition of greater generic research skills, or support basic research
tasks such as bnding papers or people online

2. technology for research. These are tools which support research activity in general, such as managing references,
correlating numerical datasets, etc.

3. specialist technology. These are niche systems - which may be better served via technology support units or toolsets
rather than specibc software tools - and may particularly be useful where belds come together. For example, the
advanced computing techniques which can greatly benebt biochemists are unlikely to be known in enough depth by
those biochemists for them to build software themselves. But processes which support them in learning enough of
what they need to know, plus access to specialist support for other components, would be of considerable value. It
should be noted that although one®s mind tends to turn to the sciences in this area, the humanities can also bnebt
hugely from advanced computing and technology support.

You can®t use it if you don®t know about it, and you might not be able to use it even then

Although technology has a lot to bring early career researchers, both now and in the future, there are also social prob-
lems in this space which call for social solutions.

Training in technologies available to groups and institutions must be carefully designed to support the mobile early ca -
reer researcher. Training should be tailored to the needs of the ECR (which will not be the same as the established re
searcher), and provided at the right time, which may not be at the start of an academic year - it is more likely to be at any

2 http://blog.openwetware.org/scienceintheopen/2009/06/08/
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time, when a researcher might hit a problem, bPnd a tool which might help, and then need guidance. It needs to be given
in the right place and at the right level - a brst year PhD student will need different library training, for example, than an
experienced postdoc who perhaps also has more specialist requirements, requiring departmental rather than
institutional-level training. Ongoing support, then, available frequently or on-demand through the year, would be excel -
lent. This may be partially or wholly provided through the enabling of self-help or peer help by enlightened staff.

Supervisors of PhD students and project teams may also need training, pitched at a different level, to enable them to best
support their teams. Championing of best practice in each beld, and deliberate efforts to break down the walls of isola-
tion that may af3ict some early career researchers, should go hand-in-hand with technology solutions to isolation and
uncertainty.

Universities need to monitor the software, informational resource and hardware needs of their early career researchers,
to ensure they are not blocked unnecessarily by policies or practices. ECRs are unlikely to have the inBuence or conb
dence of more established researchers, who, if they bnd the software they need is unavailable or that a critical website is
blocked, may approach IT staff and attempt to get the situation changed.

Integrating all the aspects of the research toolkit across an institution, so that a newly arrived early career researcher may
quickly get up to speed without visiting many resource providers (whether physical or virtual) is also valuable. If,

through one system, a researcher can quickly learn about the full range of hardware, software and information resources
they have access to (even if they have to go elsewhere, or follow a link, to actually access them) then early career re
searchers will learn fast. This may be within an institution, but if it could also connect to cross-institutional resource di -
rectories that may contain other data points for a specibc research programme or learned society membership, that
would be even better.

Some universities may choose to support researchers who wish to adopt the newest technologies, so that academics do
not accidentally do anything unwise, or to enable them to explore the best uses of these tools. In particular in our study
we noted desire for more information about Twitter, academia.edu, blogs, wikis, and mobile phones.

Training, though, is only half the picture. One outstanding observation from our study was the extent to which ECRs
depended on serendipitous suggestions from peers to discover new research tools. Although clearly this is better than
nothing, more isolated researchers (and even those in groups) should not suffer through lack of awareness of tools. Instk
tutions and research groups should be motivated to share the list of tools they have available, as well as the list of tools
which are useful - and we must note that these two lists may not be identical! Awareness-raising of technologies - and
also the processes they support, notably research management - is critical, and one possible option to provide this would
be one stop university-specibc signposting (across faculty / college / discipline) for research tools and resources, train -

ing, conferences, funding application help and so on.

But this section is not just about social change. Technology can help both raise awareness of useful tools within a com
munity of researchers, and can help researchers adopt and adapt new tools to their own needs. Imaginatively designed
and constructed web systems can support users in learning whilst they actually undertake a task - removing the tedium
of tutorials, and enabling users to try out their own data or methods in the context of a new tool, so they can rapidly dis -
cover how it can help them best (or not - in which case they can discard it with little effort wasted). This work may

range in scope from tooltips and wizards, to fully constructed work3ow assistants, and even in the next 5 years we
should be looking to develop highly complex workf3ow support tools with peer support built in, so that researchers can
share best practice and learn from others. These are not trivial to develop, but will benebt early career researchers, who
are adapting to new institutions and processes, greatly.

Shared case studies of how researchers doing similar projects attempted various tasks, and their successes and failures,
also help new researchers (and established ones) to avoid reinventing the wheel.
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Appendix 1. Methodology

Debning the early career researcher

This study debnes an early career researcher as being someone who is either currently engaged in a PhD, whether full-
time or part-time, or who is working as a researcher after completing a PhD up to bve years before. Early career re
searchers are a wide range of ages, with those from the older age tranches having usually already had careers in non-
research areas. Despite being in higher age brackets, they are undergoing the same initiation into a new career and gain

ing new opportunities to make use of technologies as are those in the younger age tranches.

When recruiting for this study, potential participants who debned themselves as Oearly career researchers® were encour
aged to take part. The project team suggested, as guidance, that early career researchers were likely to be those who were
current PhD students, whether full-time or part-time, or those who had completed their PhD within the previous bve

years. However, there was awareness that variations on the depnition may exist and no-one who self-debned as eligible
was ruled out. For example, one researcher, whose home country is Spain, commented:

| have been doing research for some years but consider myself an early career researcher as IOm new to this country

and have to learn how to do things here.

Next generation researchers are engaged in research in the full range of academic belds and subject-related differences in
ICT-related views and needs were found to exist.

Aims of study

This study aimed to examine the ways in which current or recent doctoral-level researchers use (or do not use) ICT to
support their research activities, including:

¥ the ways in which researchers currently use ICT or other methods to facilitate their own work

¥ the ways in which they use ICT or other methods to facilitate the Rows of information which enable collabora -
tion with others

¥ their views on their ICT-related skills levels and skills needs

¥ their ideas for future ICT-related developments which could help them to carry out their research and to col -
laborate more effectively in the future.

Data Collection

This study used a three-stage method to prst of all elicit a range of views from a selection of members of the new genera
tion of researchers and then to validate these Pndings by drawing on the views of other members.

1. Questionnaires and email invitations were circulated within three institutions, each selected to provide a range of
institution types and locations. The questionnaires and invitations were designed to recruit and then facilitate the
identibcation of researchers from within different subject areas, career stages (year of PhD / post-doc) and age

ranges.

2. Atotal of four workshops of up to eleven researchers in each were held at the University of Cambridge, Open Uni -
versity, and the University of Edinburgh. The aim of the workshops was to collect views and ideas by providing a
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stimulating environment and opportunities for creative thinking. Tasks set for the participants before the workshop
ensured that they had given some thought to the issues to be explored on the day.

3. Afurther questionnaire was designed based on the outputs of the workshops and circulated within the three institu -
tions and beyond, to other UK institutions, in order to validate the workshop bndings. 228 early career researchers
responded from around the UK.
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