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Abstract

To a substantial degree intellectual innovatiorucg@s a result of collaboration in interconnece=garch
relationships. The production of knowledge is aaqarocess involving interactions among people and
organisations with different backgrounds, resoyrpesdispositions and insights. The members of such
community interact and develop and exchange newlatge and through these processes shape their
community over time. In the last 20 years thereldesen an increasing amount of collaboration inaete
and research into collaboration. The ways thatarebecan be fostered includes collaboration intesnally
(Hakala et al. 2002), across sectors, between tgifyend industry (Anonymous 2004), between s@entd
technology, across scientific disciplines (Formad Markus 2005), and at individual and instituticleaels.

Much work has been done on the link between rekgaaductivity and research collaboration showimag t
more prolific researchers collaborate more fregyemid researchers at all levels of productivityd¢o
collaborate more with highly productive research@ther studies have focused on patterns of spatial
proximity and scientific interaction at regionaldacountry levels (Andersson and Persson 1993). tiuaailly
there have been studies that have considered theerad the social networks that collaboration emgrs
including the social networks of scientists and engpecifically the collaborative network of the INgRuUp.
Work on the nature, role and impact of collaborationtributes to a growing literature in areas thatmines
the nature and characteristics of complex adagigéems in which network structures play a fundaaien
role.

In this empirical paper we examine the emergenamidiborative structures in academic networksgiain
large time-series database of collaboration patteracademic communities. We are particularlyregeed
both in isolating the types of collaborative sturets and how they evolve and in considering thdioaions
of these patterns for the productive output ofdbiaborative network. The data is supplementedtbsies of
collaboration narrated by key actors within colladiive groups. These stories illuminate the stmattu
evidence in often-surprising ways, hinting at thdewariety of ‘roles’ and ‘relationships’ that magexist
within even a single collaborative grouping. Thegraconcludes with a discussion of the implicatiohthis
work for the production of knowledge in academimeoaunities and beyond, as well as more general
discussion of the implication for innovation. Sgeeilly, the ideas of network competence developgd
Ritter et al (2002) and others are considered.

Keywords: Collaboration, Production of Knowledge, Evoluti@gcial Network Analysis, Narrative
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I ntroduction

The IMP group has a long time recognition of impode of innovation in relationship and network
development. To a substantial degree intelledtunalvation occurs as a result of collaboration in
interconnected networks. The production of knowéedga social process involving interactions among
people and organisations with different backgrounesources, predispositions and insights. This is
particularly effective over time where continuingtworks of relationships are formed, the membesioh a
community interact and develop and exchange new/latge and through these processes evolve their
community. Central players in such networks areroétcademic institutions and their members who work
together to develop new insights and technologifésn in conjunction with industry (Grimes and Qudl
2003; Reback et al. 2002).

In the last 20 years there has been an increasiogra of collaboration in research and researah int
collaboration. Emerging from this is an understagdif the value of collaboration in research neksor
There is a multi-way link between research proditgtand research collaboration with more prolific
researchers collaborating more frequently and rekees at all levels of productivity tending toleblorate
more with highly productive researchers (Newman1200he ways that innovation can be fostered via
research collaboration internationally (HakalaleR@02), across sectors, between university addsiny
(Food Manufacturer Anonymous 2004), between sciancetechnology , across scientific disciplines
(Forman and Markus 2005), and at individual andtutgonal levels have been considered. This reteisrof
particular value as it highlights both anecdotaliyg empirically the considerable value to busimegkthe
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wider community that that emerges from collaboraaonong researchers and between researchers and
industry and gives some insights as to how thisgss occurs.

Other studies have considered the drivers of cotktibn, considering patterns of spatial proxinaibd
scientific interaction at regional and country lev@ndersson and Persson 1993) and the patterns of
interactions contained within industry subgroupsfater and Morrison 2004). Additionally there hbeen
studies that have considered the nature of thalsoeiworks that collaboration engenders (Formah an
Markus 2005) including the collaborative networklod IMP group (Henneberg et al. 2007; Morlacclalet
2005). These studies highlight the deep procebs¢sharacterize collaborative networks and giséints
into managing and being managed within collaboeagiroups (Wilkinson and Young 2002).

In this paper we examine the emergence of colldiveratructures in academic networks as a device fo
considering the nature of collaborative networksergenerally. The paper is organized as follows. We
consider the types of collaborative structuresy thedstance, how they evolve and the implicatainthese
patterns for the productive output of the collatiseanetwork. This approach is illustrated by preasey the
“network pictures” generated by the social netwamklysis of a large database containing informadioout
research inputs and outputs over a five year péni@th Australian University. We focus on two Hies,
examination and comparing the collaborations stinest within them and then exploring the emergerice o
collaboration and the dynamic aspects of thesaloothtion using narrative based approaches. Wduntnc
the paper with a discussion of the evolution ofatmrative work.

Collaborative groups and Collaboration in groups

There is considerable interest in the study ofatmation across a wide range of social sciences as
collaboration aids in the development of self ali a®in the achievement of tasks. For many ydhexries
of collaboration tended to focus on the charadiesi®f individuals and their contributions to agp’s
functioning. More recently, groups and groupingénecome the focus with the more emergent, socially
constructed, properties of the interaction of greatterest than the individual capabilities andtdbutions
(Dillenbourg et al 1996).

Work on collaborative groupings tends to adoptaabrview of collaboration. While the social sciesic
differentiate processes of socially connected waykvith collaboration, these categories are nosistent.
For example, “collaboration” and "cooperation” soenetimes differentiated. Cooperation is saichtolive
the division of labour among participants, whereheiadividual is responsible for a portion of therkand
collaboration involves the people working togetimea coordinated way to solve the problem (Rosehetid
Teasley 1995) Others do not differentiate thesbcnsider both of these as forms of cooperatsict
1952) or even as a partial definition of cooperdtollaboration which also includes additional atp®f
social bonding (Argyle 1990). For the purposethf research we adopt the stance of much of geareh
on collaborative groups which is inclusive, incluglias many forms of connection as the researclexont
allows. Collaboration is envisaged as input-oBdr(iCollentine 1998), output-oriented (Connick &mtks
2003), the process of working together (RoschellBefisley 1995), a state of mind (Lee 1996) and Hsel
case here, most often as a combination of theser$ac

There is considerable empirical work that has lookiethe value of group collaboration. Work in
cognitive/developmental psychology has determihedetis enhanced value in collaboration when tisere
heterogeneity of knowledge and skills (e.g. Dudeal. 1989). Particular benefits emerge from theegation
of communication, which is facilitated in collabtive groups (Blaye et al. 1991) and which emerbesugh
time (Dillenbough et al 1996). The communicatibattcollaborative groups generate and facilitatiiin
creates a range of further benefits (Blaye, eBall). This includes the enhancement of produgtivit
including research productivity emerging from thiegesses of collaborative groups (Newman 2001).

Social networks have been the subject of both ecapiand theoretical study in the social sciencesf least
50 years (Wasserman and Faust 2005; Watts 2004y, pbacause of inherent interest in the pattefns o
human interaction, but also because their stru¢tasamportant implications for the spread of infation

and the development of knowledge (Newman 2001)rkn the nature, role and impact of collaboration
contributes to a growing literature in areas thaingines the nature and characteristics of complaptive
systems in which network structures play a fundaaedenle (Barabasi et al. 2002; Easton et al. 1998;
Wilkinson and Young 2005). Work has considered laattpuainted and unacquainted individuals linkedh bot
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directly and indirectly in various ways (e.g. frelips, film actors and of course Milgram’s famstigly)
and has looked at their connections in a rangeaiés from small friendship groups to the sociletad|
(Amaral et al. 2005; Milgram 1967; Watts and Stratzgl 998). Collaboration has been considered mliestu
of business networks - small and large, domestraKet al. 1998; Webster and Morrison 2004) and
international (Welch et al. 1996).

Academic collaboration has similarly been studred range of scales and contexts. Small work graumgl
individual collaborations have been studied to mewnsight into the deeper processes of collabmorat
finding that even closely connected individuals bare stresses placed on their collaboration flemider
institutions in which they work (Forman and Mark895). Small communities (a few hundred) of
researchers linked by a common paradigm/ideologieaice have been explored for insight into the
concentrations of connections and evolution. Thdiss of the IMP work found that country of origimas a
significant indicator of direct collaboration (i@-authorship) for most researchers (Morlacclal @005) and
that the network was growing more slowly than corapke networks - perhaps in part due to this (Hbarg
et al 2007). In a large scale study of the caltabon (co-authorship) patterns in the world widlemedical
and computer science research communities, NewB@1) found that scientific communities constitute
‘small world’ networks where the average distabegveen collaborating scientists is small but \&arie
logarithmically with community size. Only five oixssteps are necessary to get from one member of a
community to another in most instances. This “snea$” is thought to be critical to social cohesiod
collaborative development (Barabasi 2003) and keas lflound by other authors in their studies of neits of
various sizes (e.g. Morlacchi et al 2005) in tistudy of IMP collaboration.

In line with other work, Newman (2001) also fouhdttithe networks are highly clustered, i.e. twesiists
are much more likely to collaborate if they hawhied common collaborator than are two scientidt®\are
not so connected. It is argued that this may irtditdaat the process of scientists introducing their
collaborators to one another is an important orthérdevelopment of scientific communities. Conguar of
patterns of collaboration across disciplines shdifferences with some disciplines displaying a nealii
greater amount of clustering and the concentrdtiery high levels publication by a relative smalhmber of
scientists).

Collaborative academic work seems on the surfabe tardered when considered at larger scales and in
aggregate. We see this order in the flow of retepapers and grants produced over time by research
communities, but when examined below the surfaeeetis considerable anecdotal evidence to indtbate
these collaborations are messy and complex. Thetaitoa range of different kind of interactionstthee
influenced by a range of factors that emerge wistmid beyond the network. To illustrate this arghhght
the need for multi-method research to examine theBeties, we continue with two stories of cbiaation
that illustrate some of the issues and problerssaated making sense of collaboration, beforeaex the
patterns of order and emergence observed frongarlampirical perspective . (This approach is adted
as effective for exploring the deeper processewltdboration (e.g. Forman and Markus 2005).

A tale of two collabor ations

1. “Collaboration” research group:

This group came together to study collaboratiomvogts. This group included of two of the authas (T
Professor (ITP) and Marketing Professor (MP)). yfwere brought together by a Adjunct Marketing
Professor (AMP) who had worked with both of themfledgling research, within research centres, btd.,
where no formal collaboration output (publicatiogsants, joint supervision) had occurred. The grou
recruited additional members - the Research Dataalgler (RDM) from the university research office and
several associates from various parts of the usityeio contribute. The proposed project was fuhaed
over the next two years evolved with original “ntataaker” (AMP) dropping out, the research officer
(RDM) playing a background role and a colleague @ithborator of the marketing professor (CCMP) and
student of the IT professor (SITP) joining the grod he associates never became actively involsetexe
was no obvious role for them as the research edolide research involved developing expertiseaiad
network analysis and management of the large dege &dnd explaining and interpreting the findingd th
emerged. This work was shared among the reseavap.gMP and CCMP each participated in two
substantial social network analysis programs aid® $ one. CCMP and SITP developed the expertise t
analyse and then analysed the large data baselpcolbiy RDM under the tutelage of ITP. The insights
emerging from those social networks allowed a nurobé&ey player/archetypes to be identified by CCMP
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and ITP. Depth interviews were then undertakeMBywith these key personnel, as well as with the
Associate Dean-Research for each faculty. Puldicaiincluding this paper) and reports are nowrging
from this group, a further grant application(sphamk and development of computer software to etalua
collaboration and identify potential collaboratithot spots” is planned. This is seen as an
unambiguously successful collaboration - whilealbof the participants remain in the group, areefifve
core group was formed which is linked to wider raatvg of MP and ITP and has led to the developmeént o
collaboration capabilities and network links for @E.

2. Knowledge in the Enterprise Research Group

The group commenced as a result of an email as&imigterest in doing research in knowledge foromti
and management. Two of the authors were memlams.responded to the call as she thought she and th
other author would be interested in working togethehe area. The initial group consisted of @eademics
(including the author who responded to the emesinfdifferent discipline areas in Business, twoderaics
from information management from within libraryeece (in humanities), a complexity researcher ffbm
and two software engineers from a very large ciostitutional software engineering research centre
(SERC). The group had no clear direction, only mmm interests and for the first six months met belly
to discuss each others’ work and the theoriesitifiatmed that work. During this period membership
evolved, with one library scientist dropping otig tomplexity researcher taking an industry job amd
IT/management postdoc and another of the authmisgpthe group. The group eventually started wamk
two projects — an observation study of a very seadfineering company and then a larger quasi-govenih
job-providing network. The contacts for these wan@vided by one of the software engineers, mogt®f
fieldwork was undertaken by the IT/management mastwith assistance from several of the other remgin
academics. Support was provided by the SERC ifotime of in-kind resources, mostly the releaseheftivo
engineers to work with the group and by a smallpetitive grant from the applied for by all the aeaics to
fund the second research project and facilitatklimgi a stronger research link to the job providing
organisation. The first project did not progrehs, second one continued with depth interviews aotetl
with selected members of the network and obsenvaimertaken at several workplaces mostly by the
postdoc (by her preference) though with othersa@pating and an email survey was done of the entir
network (by the two members who are also co-autbbtisis paper). While data collection was undegnfee
SERC was disbanded and the software engineerstddpdrhe research group now had only four members
(the other library scientist had gone on sabbatit#he beginning of the second project and did not
subsequently participate) and drifted apart nodomgeeting regularly. The two authors wrote twpgra
with all four members included as authors and thent on (due to lack of involvement of the otheo}wo
advise them the collaboration was over. Theseweiat on to co-author several more papers from éte d
collected. This concluded their participationhatt project; however they continue their collaborat
together and are working together on several git@ects. The other two former members (who metubh
the knowledge group — in contrast to the two awhdno already knew each other) continued with tiogept
and developed a larger collaboration along sinties to the original group’s interests. Howevexyt did
not invite their former collaborators to join ndddhey advise them they were forming another taliative
group based on the work of the original. They @eglfunding and are working on the funded project.
While there was no overt acrimony in the groupaswot “successful” in terms of continuing cohesluut it
has generated a continuing collaborations andgtinened the pre-existing collaboration of the argho
Therefore it is not straightforwardly a successhllaboration nor is it necessarily unsuccessiiie original
group disappeared but the project generated furéiserarch projects for one sub-group and strengthtre
collaborative link of the other sub-group.

These case histories generate a number of quethiatnare examined further in this paper:
- What patterns of collaboration do we see in academiworks?
- Do the patterns of collaboration observed varyystematic ways?
- Do the pattern of collaborations observed impadhereffectiveness of collaboration (or vice
versa)?
- . In what ways can the lessons of academic (socéyarks be applied to business networks?

Graph theory has been used to consider the coafigns of connections and the implications of those
configurations. This paper first reviews the basitgraph theory as it applies to networks, theadyses an
extended collaboration network using social netwarklysis techniques and concludes with interpostatdf
the structures emerging using follow-up qualitati@search.
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Network structures

It is possible to construct graphs illustratinglalbrations of varying complexity. First, as disseid above
academic collaboration is a small world phenomer®ach phenomena are characterised by short destanc
between actors (by this we mean relatively few éegiof separation) (see for example Morlacchi.e2Gl5
who discussed this in an IMP group context). Smvalld phenomenon are also characterised

by connected graphs compromising sometimes sungrisiw edges (Watts 2004). Consider a simple world
of five potential collaborators. The "structure"aafilaboration might is potentially quite differeinbm actor-
to-actor. Figure 1 illustrates some of the manyt {mite) possible connections between the fivdividuals.

Figure 1: Possible structures of collaboration witth nodes
(b) (c) (d) (e) ()

Actors can be minimally connected (Figure 1a) diyfconnected (Figure 1f), or they can taken ansnber
of intermediate forms (Figure 1b-e). We argue thiatthese intermediate forms that are most ikel
academic networks. On the other hand, the extremesfare probably fairly unlikely. However, they\sea
useful starting point for a discussion of the ljkptoperties of academic networks which are mocklass
connected.

(@)

We expect that as collaborative structures becowereasingly more connected it is likely differeypes of
benefits accrue to the individuals involved anth@institution in which they work. In minimally noected
chains we expect that knowledge transfer acrosm#titutional units/sub-units would be more previd)
along the lines of Granovetter (1982). Howeverséhigypes of chains are likely to be more vulnerédble
disruption (when for example an individual leaves institution). In contrast more densely connectadters
are more likely to form cohesive communities ofgbice, which are able to sustain the departure of
individuals from the institution. Although clusteadikely to be fairly robust their shorter “distai means
they will have fairly limited role in cross-insttional knowledge transfer. For individuals the scatd
benefits accrue differently. Collaborative relasbips are expensive to maintain so as an individoaks
with more others, the costs of maintaining thetatiomships become an increasing burden for thizvichahl.
Of course the real cost to individuals will dep@mdthe substance of the ties between individuadstfie
nature of the collaborative work).

The substance of the ties will also have implicagitor the productivity of the cluster and its iegucibility.

In the context of academic work, individuals cotiedite on grants, publications (of various forms), i
teaching, and on committees. The particular wosk tiles individuals will inevitably shape the expece for
these individuals. For example, in clusters whermnections represent links based on a single fgrgech as
a grant application, the success or not of thaliegijon is likely to impact on subsequent futuoHi@borative
work (i.e. publications). Thus it is meaninglessomsider the structures that exist in academiworis
without considering their substance.

We note that the structures shown in Figure 1 @atasthey represent possible forms at a giventgaitime.
A thorough analysis must consider the temporal gntigs of the network. This is less readily obedrin
structural maps. Discourse perspectives and nagrahalysis offers an avenue to explore the issties
emergence and dynamics.

Describing networ ks of academic work

Research networks are usually investigated thraliffision of ideas using ‘co-citation analysis.nks are
inferred through the way authors refer to eachrsthesearch and publications (e.g. Morlacchi e2@05;
Newman 2001). We believe various types of links agnesearchers such as professor-student, common
institution, propinquity, research interests andhods used more directly reflects the nature anatistre of
research communities. So here we adopt a diffeqgmtoach based on social network methods where we

6



Abstract preview

focus on the people relationships inside a unitserstwork. The university of interest is a relatiwyoung
institution (less than 30 years old) but with @sgly emerging research profile. We used a range of
information sources to construct a network linkadtaise, including book, journal and conference patitins
co-authorship records, co-investigator details @mgapplications and grants achieved as well@wds co-
supervision of higher research degree students.ddia was extracted from a number of differerdluzdes
for all staff employed at the university (i.e. batbademic and research staff) for a period of BsyE®01-
2005 inclusive). Details on the nature of links evegtained in the database (i.e. journal co-autiorso-
supervision etc). We also included actor attribsigsh as academic department, research centre msdimhe
as well as level of academic appointment. Tableotiges a summary of the information availableha t
database.

Table 1: Node and Edge Data

Node Data

ID Unique identifier for each Node (person) Abaieh 15965

UTSref Node membership of organisation InterBaternal, Student
Fullname Full name of each node (person) Mr Noitbraham

Unit Primary institutional unit of which the node| e.g. accounting, marketing,

is a member management, nursing,
engineering etc.

FOBmembership Node membership of Faculty (all sodere | FOB, External, Institutional-
classified according to their status within thie Staff, Institutional-Student
faculty of interest)

Status Node seniority O=external; 1=Professor,
2=A/Professor; 3=Doctor; 4=Ng
research qualifications

Edge Data*
CREF Unique identifier for each collaborative 2002000854
outcome
CPUBCAT_CODE | Type of collaborative outcome Al=BpB1=Book Chapter;
C1l=Journal; E1=Conference;
ND=Grant, S=Supervision etc.

* Note following the conventions of graph theory describe the connection between two nodes (acsrs)
an edge, this is done to ovoid any ambiguity iatieh to the terms ties and links where we follbe tMP
networks usage conventions.

The final database included 3327 different act®8sacademic departments and research centresc6§es
and 3000 unique collaborative outcomes. The datdsmigh focusing on the staff of a single institnf also
includes some information about the links to exaéactors. Given the size of the database (ov&822
individual records) we have extracted a smallepgetcords to use here. This smaller set incladlesdges
where at least one node is (i) a member of thelfasfiBusiness (comprising five academic departtsen
one semi-autonomous research centre and 13 resgartrhs/groups were staff were also members of
academic departments) or (i) a member of the Baofilinformation Technology (comprising 3 discipi
groups and 6 research centres/groups). In thif dataset we have only included publication data €o-
authorships). Grant and supervision data has beduaded as it is beyond the scope of this papeotsider
different research indicators and the relationshigtsveen them.

The Faculties of Business and Information Technplegre selected as the focus of this researchegsihre
markedly different is size, structure and in theureof the collaborative work in which members
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participated. The Faculty of Business is a sigaifitly larger divisional unit, itself made up ofdiacademic
departments, some of which were larger than thebowed size of all discipline groups in the Facufy
Information Technology. The Faculty of Busines®alemprised a humber of large research centregkhs w
as numerous smaller research groups. In contragtaculty of Information Technology has a smaller
number of research centres and groups. Finallilewhblications are important collaborative outesnin
both faculties, conference publications are mongoirtant in the fast moving Information Technologgas,
while in Business collaboration on journal publioas is more relevant.

The database was analysed using UCINET - Netdrav@rfgmous 2002) to produce network diagrams for
each Faculty (Business and Information TechnoloBiggrams were prepared that showed the collatoorati
between staff in the respective Faculties anchalf tcollaborative partners (whether employed at th
University or external to it). Network diagramsre@lso prepared to show (i) the development of the
network through time, and (ii) the contributionseafch collaborative output (i.e. journals, confees books
etc.). Each of these diagrams was inspected bybmenof the research team for evidence of different
network structures (as discussed above). Thidisgrsuggested a number of likely candidate nodes f
closer consideration. Egonet diagrams (networgrdims showing the ego and all alters and all cdiorex
between them) were also produced.

Diagrams of structure can only show part of theystd@ hey assist in capturing images of collaborativhere
individuals work together for a common goal (i.guiblication) and to some extent the outcomesiof jo
tasks, but the do not reveal the motivations fa tbllaborative work nor do they provide insigagarding
the type of affective collaboration discussed abole capture these deeper structures we turntéebtstories
of individuals. Depth interviews were then conéukctvith a selected group of key researchers. The
interviews lasted between 1-1.5 hours and were vadging. We also conducted interviews with the te
Associate Deans Research (the person responsitileefdevelopment and management of research
endeavours in the Faculty) in the University. Triterviews lasted between .5-1.5 hours and included
discussion of research management and policy anbté of collaboration within these. For ninglo# ten,
their own research collaboration was discussedaMégenote that although we had prepared a fairyileel
interview protal this was hardly necessary. Partints were most forthcoming and directed the imgery
towards areas of the greatest relevance to thatarvlews cover details of their collaborative wartd the
meaning of collaboration to them. Participant®teted stories about the major collaborative wairkd how
the collaborative relationships developed. Thisideas analysed thematically for the broad issegarding
collaboration, and for particular indicative exaagl Further, more detailed narrative analysisvéill
undertaken subsequently.

Figure 2: Co-publication data for the Facultie®akiness (2a, 2b) and Information Technology (29, 2

Figure 2a: FOB and externals Figure 2b: FOB excludes externals
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-
Figure 2c: FIT and externals Figure 2d: FIT excludes externals

* Colour versions of these diagrams showing schaad, academic unit membership are available fram th
corresponding author

Figures 2a and 2c show the network diagram fofdbal Faculties (Business [FOB] and Information
Technology [FIT]). Each dot represents a researthe colour of the dot indicates which Facultgythare in
and whether external (in 2a and 2c¢). The edgesdjibetween the researchers’ shows they havespabli
together and thicknesses of line indicates the atnafuco-publication over a five year period. kels (those
who do not publish with others) are removed and aothored publications are not depicted. Figubesril
2d show the same networks with the external (astfrom outside the University) removed.

There are clear differences between the FOB and FirBt, though smaller there are more collaboesties
between members of different discipline grouphmEIT, and indeed the rest of the University. ated to
its size there is a considerable proportion of anad work conducted with researchers in other faes)l
notably Business, Science, Engineering, HumarémesDesign. Staff in the FOB also work collabweliy
with those in other Faculties, but tend to be soh@wnore isolated from each other, both withinkaeulty
and the University. For example, there is a distihester of individuals working tourism and leisudomains
which is completely isolated from the rest of tl@8; and indeed the Quantitative Finance Grouph@gdeft
of Figure 2b) is only connected by a single edgenfoutside the Faculty of Business. These isolated
configurations are not present in the FIT.

It is also illuminating to move the focus to indlual researchers in the two Faculties. FiguraSe4 the
“ego-networks” for four key researchers, two inte&aculty.

Figure 3: Ego-networks for selected individuals
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Figure 3b: Developing-Diffuse (R3 from FIT)|  Figusd: Mature-Diffuse (R4 from FIT) |

Figure 3a shows a researcher who collaborates sxéiyn and works on a continuing basis with foutirma
researchers (although there are a number of othauthors shown). Only a few the collaboratorsatarate
with each other, and those that do, do not puldikit with each other (most of the interconnectiaresvia
co-publications with the focal researcher). FigBipedepicts a researcher with a much larger colihve
network and one where there is more collaboratihinvgroups of the collaborators. Some of theesdg
between collaborators are quite strong indicativag they collaborate independently of the focablacaic.
However the four to five groups of connected cailalors are fairly separate from each other. THukates
a researcher who has a number of fairly sepanaarss of research in areas that are not closeltectl
Figure 3c depicts a researcher with a relativelglsnmetwork where everyone collaborates with asieme
other person in the network beside the focal rebearand where the amount of inter-group collalbanats
fairly consistent. Figure 3d shows a researchtr aviarge network that, while far from fully cormted
(where every member collaborates with every othequite connected. There is a fairly even amadint
publication with co-researchers rather than stlorkg with a few and weak links with the remainddtany
people in the network are connected to a numbethafrs and quite a few of those links are strong.

Depicting individuals research output in this way @omparing the depictions allows us to “visuélesed
analyse collaboration in interesting ways. Theodenetwork functioning give us indicators of firebable
productivity and innovativeness of the various dgunations which could then be checked againstrssany
data. Here for example we might surmise thatésearcher of 3d is more network-oriented than thers
and the network of collaborators is leveraged tivigle continuing cross-disciplinary insights. bmtrast 3b
could indicate the collaboration network of someat® provides insight to various groups and to whom
insight flows but where the focal academic acta gate keeper of that information rather than (jnetsaght
emerging in a collaborative way. Again this cobé&lchecked using existing research output dataand/
considered in conjunction with accounts from theeegcher — as is done in the following section.

The deeper properties of collaboration

While the network maps and Ego-network diagranmmsna#ffective visualization of broad patterns of
collaboration, they have limited value in helpirgyta understand how particular collaborations imhpac
patterns, why particular patterns emerge and hogetipatterns contribute to the research effectsgene
These questions are addressed by matching théisgifithe depth interviews with key researchets an
Associate Deans-Research (ADRS) to the observeéerpatwithin the maps. Based on the authors’
knowledge of these networks’ members and theirarebe we identified patterns in the maps and their
correspondence to the configurations identifiedjiaph theory. The patterns of collaboration ofriese are
"Stars," (where the researcher collaborates withaatlaborating others) "Clusters," (where theeane or
two connected groups of collaborator amongst a mumbnon collaborating others), "Diffuse," (where
collaboration is spread fairly evenly through tlegwork but the density of connections with netwisrkot
high) and "Complete" (where there is a fairly edigpersed pattern of collaboration with a fairlgthievel of
connection through the network). Key researchengwdentified and interviewed. They were asked to
discuss their collaborative history and views amvhlue of collaboration generally and their own
collaboration in particular. Researchers thoughtave a range of patterns of collaboration weteriewed.

Four "key researchers” in the Information TechnglBgculty and four in the Faculty of Business were
interviewed. All were senior researchers (Profesand Associate Professors), all were part ofarebe
centres with a portfolio of collaborative relatiomghin and beyond their centres. All had varyargounts
and kinds of direct and indirect collaboration @glenced by their somewhat differently structurgd aets
(Figure 3) and the content of the interviews. iTtews of their own collaboration are discussetblw
followed by consideration of the ways in which thekfferent ego net structures do and do not reflex
informants' accounts of their collaboration.

From all key researcher informants there was reitiogrof the importance of collaboration and enj@mhof
at least some of their collaborative links. Maosticated a desire to do a substantial amount ok wor
collaboratively, i.e. jointly. One informant deterd himself as a "lone wolf" but he was in the onity with
the other's celebrating and usually preferringtjactivity. However interviews with ADRs indicatétat this
preference is not universal. In some disciplireaar(humanities, social sciences, culture studteg,there is
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much more limited joint research and publicatiod aeallaboration takes different forms (e.g. edited
collections of papers). However this analysis g&sion two disciplines where collaboration is enaged
and where concrete value is perceived.

Despite some general consensus as to the valyglealire of collaborations, there was a lack of
convergence in these informants' discussions aheutature of collaboration and in particular tla¢une of
their own. There is a wide range of only parti@iyerlapping views as to the nature of collaborgttbe way
that collaboration is approached and the bendfasdre perceived to flow to these researchers fh@mn
collaborations. In discussing collaboration sonferimants focussed on the building of a researohgr
and/or centre and a critical mass of researcheeswdnked collectively. Often those with whom trdiyectly
co-researched were not considered in these distisssOthers talked only of collaborative reseactivity
in terms of co-publication - this was particulattie case for those who do less empirical work.laborative
grant-getting was also referred to but was lesmprent in discussions than were research groupsody
of co-publications. We surmise that the body sesech that these researchers had completed and the
longevity of their careers was sufficiently large individual papers and even grants to be relbtive
insignificant to them and/or grant-getting is ne¢s as a research activity but rather is perceigesl means
to facilitating research activity.

While literature of relationships identifies theedeo build up relationship through time, including
collaborative ventures (Reback et al. 2002), nah&drmants identified this as an issue, insteagivere
prepared to leap before they looked in starting resgarch links. However levels of activity in terof
commitment and risk were differentiated by a fewhaf key researchers. These indicated that theydwo
likely form collaborations easily when writing agea or undertaking a small project but would bs ldsely
do so in a high risk venture like a large multidygeant and joint supervision. This identifies thgues of
risk and trust as important in some but not alladmrative contexts.

Despite the importance attached to directionality balance in collaboration (e.g. Dabos and Roussea
2004), there was no clear differentiation by infants between being approached and approaching
researchers. More generally how the collaboratmnmenced was not perceived as a contributingrfacto
its productivity or quality. Most of those inteewied indicated there were more instances of theoappes
from others as mechanism of collaboration initiatiather than their approaches to others. Howingis
not surprising as all interviewed are well estadtdid in their fields and presumably many researciversgd
perceive value in collaboration with them and aatdtablish research links.

Despite the recognition of the growing importantenterdisciplinary collaboration (e.g. Forman avidrkus
2005), it was not much discussed by key researthetgh it was widely discussed by Associate Déam®
all are or have been active researchers themsel¥égse ADRs recognised the strategic value efdtass
disciplinary research (i.e. it is attractive to dimy bodies and governments) but also recognised it
administrative difficulties (e.g. who gets the dtethd the money) and the likely lack of cohesiemy(people
end up dividing up the money with each working antg of the projects and no real interaction/cross
fertilisation occurring). However there was alsoagnition by some ADRs that it was these diffieglthat
created the opportunities for major breakthroughs.

One key researcher interviewed did recognise tisaelsearch was "interdisciplinary” in that it apgdlcertain
research tools in a wide range of contexts butditisiot create issues as the juxtaposition otthtires of
method and a specific discipline area were notmledor conflict. In the main though the key resbars
worked with a reliable core of researchers wheterdisciplinary conflicts had been resolved or hader
existed. No one indicated that joint publicatioaswdiscouraged (in fact a number of ADRs indicéted
there was a certain suspicion towards those whadatighublish with others) and this applied whetiherjoint
publications were internal to the Faculty or Ungigror beyond. There was the occasional referemce
problems of finding appropriate outlets for crossegplinary research and problems of getting redommnfor
publication outside of one's own discipline, howewecontrast to accounts in the literature (e@nkan and
Markus 2005); this was not a major issue for anthefresearchers interviewed. More problematievgeant
applications and research supervision where iistital problems associated with sharing of resaioften
existed.

It was difficult to get informants to consider thgecifics of the researching process. For mostarekers this
process was not problematic, they indicated thakwas easily coordinated and needed little arditoih.
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There was no need for the negotiation that is tedawithin the collaboration literature (e.g. Edela
Lunsford 1983) to manage the process of doing rekemnd/or co-writing. In the main when interperasio
dynamics were considered it was in a negative semdét was to do lack of responsiveness and failoir
meet deadlines by their collaborators. (This vis@smost frequently mentioned reason for collaborati
failure.) This is not the active conflict thathighhlighted in the literature, the tension thastpbioduces and
the active process of ongoing conflict resolutiom seen as critical in co-producing interestingagsh
within interesting collaborations (John-Steinealketl998).

The only obvious driver of a key researcher's patbé collaboration was personal preference fotipalar
collaborators. This is in line with the body otliaiture that highlights the centrality of interperal dynamics
in collaboration (Creamer 2004; John-Steiner 2@0@) with theories of social psychology that hightithe
centrality of enjoyment in cooperation (Argyle 199Words such as "comfortable" and "familiar" were
frequently used to describe long term researclalothtion. Biological predisposition to continuing
collaboration - specifically females' greater calitéds to manage and sustain relationships ankkcibns of
relationships - was mentioned by two of the thexadle informants as critical. However a number of
researchers did highlight that even "good" collaions ended - most often when research interestsged.
This was less likely within a cohesive group suslstaong research centre. Then the collaboratessgen
as continuing even if co-authoring and common gaativity ended.

Reciprocity emerged a number of times as a drifeesearch—that is, a group's body of researchedome
researcher to work on behalf of other(s) on a @aldr paper or part of a project with the assunmptiat this
would be reciprocated—however this was mentiondyg lmna subset of those interviewed. More commonly
mentioned was longevity and common developmentsp@th evolving in similar directions as researsher
recurring convergence of research interests aéeogs of diverging—as drivers of longer term asastomn.

Most key researchers' descriptions of their prefikpatterns of collaboration were in lines withittlséories of
collaboration but this was not always the case. eikample a researcher with a "complete," netwiceka
very connected, network might be expected to desaistrong preference for a collaboration commuht
included linking collaborators with one anotherowéver, instead this researcher's description Was o
continuing collaboration with a very small numbé&people, less intense collaboration with one ar taore
and ambivalence about the broader patterns ofdfieborative network. In other instances key resieens'
network maps were in line with their descriptiofisheir collaborations. One spoke at length atoet
importance of the direct and indirect effects @& tiollaborative network (the only researcher teaolpand
this was reflected in his highly connected patt@fnso-publication data. This was also the caserwh
patterns were less connected. Another researeiserides forming collaborations that are entirective.
Many collaborations (all external to the universiéye formed when he is approached by people at
international conferences who are familiar withwusrk and he is asked to collaborate with themesEhare
largely independent events so it is scarcely ssirgithat the collaborations are independent ofaraher (it
should be noted that these external individual$dcbe collaborating with one another independeatlthis
researcher but our data would not pick this up).

In the main, the descriptions of collaboration captifferent information than do the egonet diatga
Unprompted, researchers do not comment on the ctians between their collaborators nor do they appe
to have strong feelings about whether these caltabis do or do not work together independentlgro#
another. The strength of the collaboration isiplytreflected in the number of publications bhistis only
discussed by a few of the key researchers (the eunflbne's own publications is discussed by soDR#
though, perhaps because they are more directlyecoed with the various measures of research oatplit
quality). Instead the interviews with key researshcontain stories of the intellectual enjoymednworking
with others and the opportunities for challengensiation, travel and new research opportunities tome
from collaboration. Emerging from the interviews amportant clues for interpreting the collabaratimaps
but comparison of the maps and interviews alsoligighthe need for caution in interpreting the miews.

The maps assist in differentiating interviews aighlight the need to consider the context of therviewed
as well as their narrative in interpreting thesatiurse. For example, in line with previous firgdiras to
discipline differences in collaboration (Newman 2J)@his research shows that the discipline in Whic
research is conducted is an important influencanupe way research is evaluated. In the two Fasulte
have focused upon, key researchers assess cotiaba@amilarly though the maps show differencer Fo
example, as already indicated the maps highligfgrdinces in levels of collaboration. However ldweguage
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the researchers use is virtually the same - whainBgs researchers describe as "extensive" colladonin
their interviews is quite modest compared to whatelsearchers also describe as "extensive." Thaonbt
reflects the different research environments of¢hwvo Faculties; the language of those interviepreglides
only subtle clues to these differences.

Conclusion, Implications and Futur e Resear ch

The results presented highlight the value of usidfi-methods in researching collaborative netwoikse
big picture is represented, including aspects efcthllaborative structure that informants do natsider to be
important and/or of which they are not aware. Heoavesome of the detail lost in those pictures tained
through the stories told and the additional dimemsiof the collaboration (that are important toitiiermant)
that are described. The strength of the collabmras represented temporally, contextually andngjtetively
in the maps and considerable synergy is gaineabpling this with other dimensions of collaboratibat
discussions and descriptions of collaboration lmg&mapped can provide.

The investigation of collaborative networks hasamant implications for the facilitation of reselrand
business. In their case study Grimes and Col@rs1{es and Collins 2003) highlight the use of dodieative
research networks in building knowledge and teatgywknd through this enhancing economic growther&h
are many other stories of successful collaboratioc@porating researchers and their institutiams these
often provide continuing benefits. This is furtisenfirmed by the more macro-level research thatioos
the positive relationship between research proditictand collaboration.

This work takes a different approach. Insteadotif on the confirmation of the value of collabiarabr on
the role of collaboration in facilitating innovatipwe focus on understanding the deeper procegses o
collaboration as a window to judging its effectiesa and couple this with descriptive pictures efdtale
and scope of collaboration. It is surprising tivhtle there has been research that does look laboohtion in
each of these ways; we have been unable to lonogiterark that combines different research perspestto
do so. While our focus is on academic collaboratie believe that the study of the deeper procebsges
drive the developing of new knowledge will providsights in other contexts. Academics and academic
institutions are (or should be) important partseahnology development networks and the way thdirrets
operate as well as the way those nets participatéder collaborative networks are important reseassues.

The findings that have been represented indicatethle diversity of what constitutes collaboratioRgiture
research will explore these avenues further. \WWanohto more deeply explore the meanings contantin
the narratives to see if this gives further insightn positioned against the social network anslysi
Additional social network analysis to flesh out tietwork pictures will also be undertaken. Botheotparts
of the university and other aspects of collaboratidll be mapped. We anticipate that the lattdl e
particularly fruitful. As reported there are a riuen of indications in the interviews that otherigadors of
research collaboration such as common researcteaeeimbership, co-supervision of research students,
grant applications are likely to give better ingigio configurations of continuing collaboratiomhis and the
ways in which these might be productively combiaed compared will be another focus of future regdear
Further on we intend to apply these insights tevogts in a business marketing context. As alréadicated
the social networks of business networks have titbengial to provide insights into domains that haveeyet
been much considered. Work that advances thidbdapand in addition contributes to the underslizug of
collaboration has much to offer to these futureuineg.
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