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L. Lindkvist, Link6ping, Sweden, 2005

1 Lindkvist (2005, p. 1205)refers to the epistemological maxim of knowledge cadictives.In con-

OOAOOh OOAAEOEITT AT Alii1 61 EOCEAO OETIT x 11 OA OEAT OEAU



TABLE OF CONTENTS

TABLEOF CONTENTS

. INEFOTUCTION et emmmms e e e e 3.
1.1 Thesis Classification and Research Objectives..............oovvimmmeeceeeeeenn. 5...
1.2 ThEeSIS SITUCTUIE.......cciiiiiiiiiiiitimmmmmccme ettt smmmmmmmme e eeee Do
1. INterdiSCIPIINAIILY  ...eeiiiiiiiiiie e emmeme e e e e emmmmm s 9
2.1 Historical Classification of the CONCepPL...........oooeiiiiiiieeeeeeeee e 9...
2.2 Term Designation and Definitions.................uvvvvicccccccceeveveevvvvivniimmmmneean 11
2.2. 1 DIiSCIPINE. ...t 11..
2.2.2 InterdiSCIPINATILY .......vueiiiii e 12

2.3 Open Access and Interdisciplinarity..........cccoeeeevivviemmmcceieee e eeeennn 14
2.4 Measuring Interdisciplinarity ...........cccooeeeiiiiiemmmcceicee e vmreeeen e e L
2.5 Barriers to Interdisciplin@arity ..........ccocooviiiiiiiccceeeeer e eeeeeeeemeeennn L8
2.6 Conclusions ChapteMWo .............uiiieeeiiieemmcsce e eeeeevvismmmeeeees e eeeenene 200
[Il. Fostering Communities Of PractiCe ............oevvviiiiiiiiiicememiennieiieee e smmmees 22
3.1 Characteristics of Communities Of PractiCe..............oooeeiiieeeeeeeeineeeeeeenn 22...
3.2 Defining Epistemic COMMUNILIES...........iiiiiiiiii e 24
3.3 Fostering Epistemic COMMUNILIES...........ccvvvvvviimimmmmeeeeeeeeieeiimmmeeeeen 28
3.4 Conclusions Chapter TAree.........ooooeveiiiiiieeeeeeeei e eeeeeeeeeeeeeen . 29,0

IV. Technology -Enhanced Learning as an Interd iscipline ............cccocoiviiiieas 30

4.1 Political Context ofTechnology-Enhanced Learning Research............. 30..
41.1 The STELLARnNet project as a Network of Excellence................. 31....

4.2 Epistemic Characteristics of Technologfenhanced Learning............... 33..
4.2.1 Describing Technolog¥enhanced Learning as an Interdiscipline...33
4.2.2 Disciplinary Fragments of Technologignhanced Learning............ 36

43 0) 1 OAOAEOAEDI ET A Oéhibldgy-Enfanget arfing.1.381 AOo6 ET
4.3.1 Locating Interdisciplinarity in the Social Sciences....................... 38
4.3.2 Locating Interdisciplinarity in the Computer Sciences.................. 40....

4.4 Conclusions Chapter FOUL.............uuuuiiiiiieeeeemmmeeeies e emmmmmne e A2
4.5 Implications for the Empirical Part..............ccooooiiiieeeceeemn e 42



TABLE OF CONTENTSI

V. Study: Interdisciplinarity in Technology -Enhanced Learning ................. 43
5.1 Study Design... P URPPPPPY” 72 S
5.1. 1SampI|ng Procedure........cocceeeiiiiie e e e 4D
5.1.2 Questionnaire CONSIIUCLION............uuiieeiiiiriiieeeee e e e e e eeaaaan 47..
5.1.3 Pretest and Questionnaire Adaptions...........cccceeeeeeevveeeevvevnniinneeenn 49...
5.2 Methodsof Analysis... PSP PP PR UPPPRY o X X
5.2.1Nonparametric Hypothe5|s Testlng ................................................ 51
5.2.2Hierarchical Cluster Analysis...........ccoooiiiiiiiiieeeee e 52.
5.2.3 SociaNetwork ANalYSIS........c.ouuueiiiiiiiieee e 54....
VI. ResSults Of INVESHIGAtION .....cooviiiiiiiieii e 57
6.1 Basic Sample CharacteristiCs.............cuuuuuuvimmmmmccieieeeeeeiiiiiimmmmmmmmeeeeeeeee e O
6.2 Results Hypothesis Testing... - ...B2...
62101203 AT OA 1T £ * Inkhé (Cbml%Jn@AOBQE QAoﬁz
6.220Q2,2 ®BPAOOT E OA intheommuAi O.EAA.QH..........69

623Q3,0pen$ EAT 1 COA x Eifbthe O urﬁrv&mutg..o.A.l...E.A.oZS....
6.3 Results Hierarchical Cluster Analysis..............ccevvvvviiccceeeeieeeeeeeiiiie e 81

6.4 Results:Social Network Analysis... ......90
6411 ypd O- OOOAT %l QA@ﬁooAlEo EJEAz,.&#ugn)OEGTTEGDEU
6.4.2 Network Analysis of Cluster ConnectianS............ceeeevvvveeevvveennnnnnnn. 92...
VII. STUAY DISCUSSION ..ottt e e e e e e emmmmmaee 97

7.1 Discussion of Survey ReSUILS............coevviiviimmmcccneieeeeeiiviieemmmmemee e O
7.2 Discussionof Cluster Anaysis............cccoeeiiiiiieeeeeeeee e eeeeeeeeeeen.. 100

7.3 Discussionof Social Network Analysis...........cooevuviiiiiimmccccceeeeeeeeeieiiiies 101
7.4 Critical Acclaimon Study Design and Methodology..............cc.ccvvvmee.... 102
7.5 Consolidation and Reference to the Researchustion.......................... 104.
VIII. Conclusions and Future OULIOOK ...........cccoeiiiiiiiiiiimmmme e 106

8.1 Main FINAINGS.......ccoviiiiiii e ieeemmce e eevmmmmeees e e e e eenta s smeeeeenne e e a2 10D
8.2 Recommendationsind OUHOOK.........couvveieeiiieeeeee e 107

D G =Y (=T =] o o =T S S 109
X. LIS OF FIQUIES ...ttt e e e rmmmnnee e 122
Xl LISt Of TADIES ...t e e e 123
XI1. List Of ADDreviations ...........cooiiiiiiiiiieemeee e eereem e 124
DL TR o] 1= o [ G PSPPSR 125

2Q = Research Question



INTRODUGDN 3

. INTRODUCTION

Odentists tend to resist interdisciplinary inquiries into their own territory. In

many instances, such parochialism is founded on the fear that intrusion from
other disciplines would compete unfairly for limited financial resources and thus
diminish theirl xT T BDBT OOOT EDOU A& O OAOAAOAES8DO

Hannes Alfvén ..

Nobel Prize Laureate
Founder of Modern Plasma Physics

Despite the fact that he was awarded with the Nobel Prize in 1970, Hannes Alfvén
remained an outsider in the Physics scientific communityStuewer, 2006 p.104).
His theories on plasma cosmology often stood in contrast to the mainstream view
of other physicists. The commonly accepted big bang theorfrom his point, isa
scientific myth (cf. Alfvén, 1984), relying on mathematical calculations, rather tha
empirical observation. Due to his unconventional research he was often refused
funding and forced to publish his papers i®bscure journals (Stuewer, p. 104).
This led him to become an active speaker against the ruling peer reviéwystem,
where committees were dominated by supporters of the big bang theor{lerner,
2004). EvenA £OA O 11 £O0i 1 8 0 A Ar@adphySidsBillstbge oo 1 £ 1
for funding. They call for support in aletter to the scientific community, which is
openly accessible orthe internets.

When talking aboutthe possibility of interdisciplinarity 6 in science, the often p-
litical dimension of financial funding is a factorthat is not to be neglected. Felt

jcnmwq ETAI OAAO EOh xEAT AAGAQBPREA Go & ADO Al
DAUO OOEAOOA Oi OEA ET OAOOxET AATAO® 1T £ OE!/
OAT EAh OEA OUIi ATT EA AT A OE Atestiof dcien@fiE &A1 6 AE|
search (p.19). Brew (2008), goes one step further, claiming that disciplies come

into existence along requirements such as funding. Therefore, she argues, thedun

ing committees should keep theiunderstanding of dsAE BT ET AOU AT O1 AAOEA

(p. 424) and broad, in order to allow more interdisciplinary and innovative @&-

3 As cited in Peratt (1988, p192)

4 The term (deer reviewdrefers to the ruling institutions and committees, which are meant teeek
and ensure quality control for scientific contributions.

5 See: www.cosmologystatement.org

6 The concept of interdisciplinarity is going to be defined in chapter 2. For now, it can be considered
as a close and integrative collaboration between two or more disciplines.

7 Refering to epistemology as the theory of knowledge
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deavours. Accordhg to Conole,Scanlon, Mundin& Farrow (2010), the metrics for

assessing research are also part of the problem, @sestigious journals, funding

opportunities, and individual research contributions OAT A 01 Oi EGECAOA A
terdisciplinarity 6 B8p 8

In some countries, though, there are a number of interdisciplinary funding inié-
tives, as it is on the agenda of leading research councils (Kerr, & Lore¥eyer,
2009, p. 156). The KNOWING study, funded by the EU under th& Bramework
Programme, identifed the UK to put more emphasis on interdisciplinarity, in co-
trast to e.g. Slovakia and the CzedRepublic. This was especiallythe case for the
biosciences (p 156), but also for the social sciences, which are more disciplinary in
that comparison (p. 159).

The domain oftechnology-enhancedlearning (TEL) gained attention in the begn-
ning 1990s, as computers became ane advanced (Westera, 2009, p4). It is an
interdisciplinary research field by definiOE T 1 h invAsfigatés GowGnformation
and communicdion technologies can be used to support learning and teachidy

On the technology side it features the engineering sciences, and on the learning
side the social sciences, especially pedagogy, psychology, and related. Within
Europe, TEL research endeavosrare funded by the European Commission in its
ICT programme (European Commission, 20H). The study at hand has been o8
ducted in context of the STELLARet project, which is also EU funded. However as
indicated before, political support is an important bu never sufficient condition

for interdisciplinary collaboration. Still, as Conole et al. (2010) point out for the UK
context, researchers rarely work in interdiscipinary research institutions (p. 38).
AEAOAEI OAh AI PEAOGEO EO mdhetwirks offerBnvdys ©1 AOx 1T OE
Gussure relationships across bouA A O E A O 6 Stockeldvd 2D090p.59), be they
epistemic, institutional or national. This thesis will treat networks as specific forms

of communities that do not require celocation and are defned by weak sociaties
(Amin & Roberts, 2006, p7).

Along other instruments, the STELLARet project involves the social network pld-
form TELeurope, which allows researchers from all across Europe to network and
OAT T TAAG O 1 OEAOELkGDADEME). ET OEA EEAI A | 4

For this thesis 123 researchers from the TELeurope.eu platform, which in total has
around 1.000 registered members, provided detailed information about their e-
search practices, personal and institutional backgrounds and opinions towes

8 Short definition by the European CommissionZ011a). The field of TEL is going to be charaate
ised in more detail in chapter 3.
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interdisciplinarity. The data has been combined with the TELeurope database,
holding information about the relationships between the study participantsBefore
this study has been conducted extensive data on academic backgrounds of TEL
researcherswas lacking®. Besides that, the thesisat hand has been inspired by a
current discussion within the TEL community, whether there are TEL specific sc
entific features, which can be agreed on across the sciencé€snole et al. (2010)
were looking into the methods used by TEL researchers, finding indicators for a
shared methodology. Another example is th&@EL dictionary initiative Groupon the
social network platform Linked Int0. It discusses, if there is a shared terminology
within the field, trying to establish auniversal, crossdisciplinary dictionary.

1.1 Thesis Classification and Research Objectives

The study adds to the discussion at the before mentioned pomtBy comparing
individual backgrounds and opinions towardsinterdisciplinary issues with indica-
tors of crossdisciplinary work in the field, the nature of European TEL research is
to be discovered.Theseindicators are e.g. epistemology, methodology, and tetim
nology, in the sense that they are derived from one or established disciplines, such
as canputer science and social science. It is then to show in how far interdiscipl
narity is considered as something worth striving for and if there are already

A > s 2 A oz z A~

OEAOAA OOAEOO ET ofwarking D MOERIAOAEAOOS xAUO
The following concrete research qustions are to be answered

Q21:In how far is there asense of joint enterprisen the TEL community?
a) $1 %00l PAAT 4%, OAOAAOAEAOO OAEAO O OEAI OA
b) Do they agree with different attitudinal statements towards interdisciplinarity?
c) Do they use a similar terminology/vocabulary?
d) Are they interested in the same core research areas?

Q2:In how far is there ashared repertoireof TEL research practices?
a) Do European TEL researchers practice similar activities?
b) Do European TEL researchers udbeories and methods from multiple disd¢
plines? Are there theoriesimethods that can count as crosslisciplinary in TEL

9 The member profiles on TELeurope.eu do provide the possibility to tell a1 T Aada@emic
background. This feature however is used only by few member of the community. Also, the §8TE
LAR Delphi study Gpadaet al, 2011) identified core research areas without putting emphasis on
methodology and research practices.

10 See: http://'www.linkedin.com/groups/TEL -dictionary -initiative -3880196
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Q3:In how far do TEL researchers embrace ampen dialoguewith the broader public?

a) Do European TEL researchers involvthne (international) public in their work ?

b) Do they publish their worksin Open Acces$ormats or do they rather use co-
ventional publishing formats?

Q4:In how far are researchers connected to other researchers mutual engagemert
Do friendship relations on TELeurope.eu happeacross disciplinary lines?

From a theoretical point, the research question€1, Q2 and Q4 are derived from
7 AT ¢ A10@BYconcept of communities of practicgCoP),which can also be p-
plied to networks. The three core elements, which make a professionadmmunity,
are in this respect a sense of joint enterprise, a shared repertoire of resources i
cluding language, routines, artefacts, and stories, as well as mutual engagement in
relationships (Wenger, 1998, pp. 7284). Here the study aims at testing assup:
tions raised by qualitative studies on the nature of the TEL community (Conokt
al., 2010; Kraker& Lindstaedt, 2011). While much quantitative TEL researchd-
cuses on ceauthorship and coattendance ofconferences (VoigtHeinze, Herder &
Kress 2011; Ebner & Reinhardt, 2009, this thesis follows acontrasting approach
by taking individual epistemological practices into special account.

The third research questionQ3involves a different concept of interdisciplinarity

as introduced by Frodeman, Mitchamand Sachq2001, pp. 67). They distinguish

OAAAD ET OAOAEOAEDI ET AOEOUBHh xEEAE ETOT1 0AO
OxEAA ET OAOAEOAEDI ET AOEOUSh xEEAE EADPDPAT O 7
Main goal here is to find out, whether the reslts of a study on Open Access Bu

lishing, which has been conducted by the German Research Foundation (DFG,

2005), can be confirmedNo major differences in the publication behaviour of the

European TEL communityare expected as compared to the general Geran scien-

tific community focussed in the initial study.

Taking a holistic view on interdisciplinarity, this thesis assumes that cauthorship
and conference ceattendance are not sufficient indicators for a strong interco-
nection between disciplines. In goragmatic fashion, interdisciplinarity is here to be
OEAxAA AO OOAZEI AAOEOA DPOAAOGEAAS j2ileli h pww
spectively asks for individual opinions and practices and is tailored to the chaca
teristics of the disciplines that make4 %, 8 -1 OAT OAOh OEAe-OOO0AUBO
sponds to the broad OECD definition of interdisciplinarityranging from simple
communication of ideas to the mutual integration of organising concepts, metke

ology, procedures, epistemology and terminology (citniBerger,1972, pp. 2%26).
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1.2 Thesis Structure

In order to answer the research questions, the thesis is structured as follows:

Chapter 2deals with interdisciplinarity as a concept, which originated in modern
times. At first, societal and historic caditions for the promotion of interdiscipli-
narity are addressed, stressing the timeliness of the thesis at hand. Then, the term
interdisciplinarity is to be defined and described in detail, also taking constraints
to interdisciplinarity into account. Specal attention is given to open access
lishing, as it is thought to contribute to interdisciplinarity in research.

Chapter 3is about knowledge creation in scientific disciplines, with a special focus
on the @ommunities of practicédconcept. Knowledge/epstemic/expert communi-
ties are outlined and distinguished as special forms of social groupinggloreover,
different ways of how interdisciplinarity can be fostered in academic communities
of practiceare going to beoutlined.

Chapter 4focuses onthe domain of Technol@y-Enhanced Learimg and the disd-
plines that contribute to it. First of all, the political context of TEL research in
Europe and STELLARnNet as a Network of Excellence are explained. Then, possible
epistemological and methodological features fothe young field of TEL are d-
scribed. The thesis takes a look on the corresponding disciplines, itke computer
sciences on the one hand, and the social sciences and humanities the other
hand. interdisciplinary aspects of these scientific fields arestressed,including also
practices ofopen access pubshing across disciplinary borders.

Chapter5 EO AAAEAAOAA OI OEA Ai PEOEAAI DPAOO
OAEAOAT AA OI OEA OAOGAAOAE NOAOOEITT G- OEA
ologically, a mixed-method design is applied, including aguestionnaire via an
online survey in combination with process generated network data fromthe

TELeurope.eu database.

Chapter6 presentsthe results of the enquiryand makes reference to the already

mentioned research questionsAfter stating basic sample characteristics, bivariate

hypothesis tests, multivariate analysis and social network analysis are conducted
and reported.

Chapter7 discusses the results of the previous chapter. It then derives stements
on the structure and fragmentation of the TEL commnity and its characteristics
and interdisciplinary trajectories. Possible answers to the research questions are

~ N 2 oA £ o~ N

AEOADOOGAA AT A A AOEOEAAIT AgAi ET AOEIT 1 &£ OER
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Chapte 8 includes a conclusion, providing an overview of the main thesis results.
The outcome then is a recommendation of procedures for the further enculturation
of interdisciplinarity in the context of the European Technology Enhanced Lear
ing community, as well as an overview on future challenges in interdisciplinarity
research.
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INTERDISCIPLINARITYS

Il. NTERDISCIPLINARITY

At its very core, interdisciplinarity is about the integration of knowledge!! Knowl-
edge has always been an essential factor for production in all sectors. A farmer
needs to know how to till afield, a cook must know how to prepare a meal. Neve
theless the production of knowledge itself was for dong time privileged to the
academic elite, who knew how to write and had the money, power and right to
publish their works. In modern times this then fundamentally changed. The folle-

ing chapter is going to specify these historic changes, before chap@® provides

Al A@OAT OEOA AAEZET EOEITT 1 £ OEA AilTAADPO

O
m\
—_
)

2.1 Historical Classification of the Concept

The rise of the knowledge economy in the 20th century has led to an enormous

increase of knowledge work, as opposed to manual work. Rhowledge worker

works with his or her head, and produces ideas, knowledge, and informatiéh

(Drucker, 1966, p.3). With more people involved, the amount of information avai

able also increases. Particularly in science, the number of study disciplines viemp

with the social sciences coming ito existence around the 1900sThis brought up

movements trying to unify the diverse scietific community, an early one being the

Vienna circleof science philosophers in 1924. Goal was to integrate principles in

orded OF CAOG O A OI EAEAA OAEAI DEEERAAGAEOA€]
1990, pp. 2223).

Later on, in the 1960s and 1970s the relatively new term interdisciplinarity gained

importance, as crossdisciplinary curricula, programmes and universities deve-

oped in the context of the education reforms within Europ€cf. Briggs, 1970, pp.

60). It is at that time, that a new mode of knowledge productiorwas emerging,
AEOAOOOGAA 1 AGAO AO OI T ANbwomy Schtl and<Gibhdhg A A OA A
(2003). Characteristics of this transformation are that thesenew forms of knowl-

edge production are OOT AEAIT 1 U AE OO0 Gdtidned Addhtrand D1 EAAC
AEOAEDI ET ABawéverjntite 1970sandy OOT AEAT AAOOEAOO Oi
(Klein, 1990, p.35), such as geder, class, race and also epistemibarriers were

still highly visible. Reform movements spoke against these barriers. In doing so,

11 As in the definitions ofe.g. Berger1972; Strathern, 2007; Kerr & LorenzMeyer, 2009.

2aEA OAOI O OET & Oi AGET 16 AT A OETT x1 AACAG WAOA 110 ET «
man,1996). This thesisis going tofocus on the concept of knowledge, as it is more applicable for

the scientific context.
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interdisciplinarity and knowledge integration therefore were their favoured
Oi AGET AO 1 m)0AEI O0i 6 | b

Today, despitethe origins that interdisciplinarity has in modernist and postmod-
ernist movements,authors strive for adifferent view of the concept(Newell, 1998;
Szostak, 2007):According to Szostak (p61), the modernist position promotes the
Ol EOU T £ OAEDAAAh CGARBPEROQOIOOEAD T OkeCET AOA
munity, like in the case of the Vienna philosophers circle mentioned above. Ros
modernists, in contrast tend to focus on the limitations of scholarly understanding,
AAOT OOBIAC EORA AdlAahdidbifnidg thaj tBeories are necessarily
incomplete because theorists stand in different places and see different thingsf(
Rosetti, 2001, p.319)13. Interdisciplinarians, however, are suspicious of scientific
O ABAOOAGEOAOSG Adndithe&ridsA tbd. $zGstaldesdribesCthe inta-
disciplinary view towards science as follows:

O$SEAEAOAT O OAET 1T AOI U Aiii Ol EOEAOG AAOGAI TP EI
reality. Yet these can be integrated into a more holistic and less biasgd] perspec-

tive. If this is true for every combination of perspectives, then consistency can be

sought at the level of the scholarly enterprise as a whole. Yet this will occur not in

the form of some grand theory but in the form of a complementary set of theories
eachOEAAAET ¢ 1 ECEO 11 AEpg®EAOAT O AOPAAOO 1 £ OA

The statement implies that interdisciplinary approaches can be very complex in

their nature, depending on how many scholarly communities combine their pe

spectives. Accordinglythe application of interdisciplinary efforts often focuses on

AT T AOAOGA OPOOBAIAT BT Tl A T 6 58),'ike 6. lerhangngmmh D8
learning by technology in a certain context. From the 1970s on, several studies

identified a general trend towards disciplinary specidisation (see Heferlin, 1969;

Lattuca, 2001, p14-15). However, an overly fragmented academic landscape is not

in the interest of any nation, who wants its public institutions to share their

knowledge and collaborate, in order to increase global compeieness. As a -

sult, a vast amount of national and supranational funding initiatives for interdise

plinary endeavours emerged.

Integration of ideas and programmes still is a common interest (Conokt al, 2010,
p. 7) of nations. In Germany for examplehe German Research Foundation (DFG,
2005) funds Open Access initiatives, which promote knowledgsharing across
traditional epistemological communities. These efforts find support by the techm

13 The statements on postmodernism here primarily refer tascepticalpostmodernism and do not
apply to all postmodern schools of thought.
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logical progress, which allows overcoming communicative barriesr more easily
than in the past. Open Source software and web 2.0 technologies provide academia
with low -cost tools for knowledge creation(cf. Conoleet al, pp. 7-8). On an inte-
national scale the European Research Association (ERA) is, in its 2020 visipos-

001 AGET ¢ A O1 AAI 1 AA OEFZEAOE AOAAATI-608 | AAI

sion, by 2020, Europe should benefit from the free circulation of knowledgbe-
tween countries (European Commission 2010a). This amends the four freedoms of

the Europeansingle market policy, whichinclude O AOAA 11T OAT AT O 1T £ DPAT i

OAOOEAAO AirdpeaA Bonmni€sibi 20108).%

2.2 Term Designation and Definitions

The Latin origin of the word suggests thatnterdisciplinarity is what happens be-
tweentwo or more disciplines. This can either point to crosslisciplinary intersec-
tions or to gaps between disciplines, depending on how cloghose are to each
other (Lattuca, 2003, pp. 7). What is adisciplinethen?

2.2.1 Discipline

The term discipline usually refers to a branch of knowledge, a domain that is sp
cialised in its ways of producing new knowledge through inquiry inGliscrete and
repeatable unitsd (Moran, 2010, p. 2). It involves specific education, training, pr

cedures, methods and content area@Berger, 1972, pp. 2%26). Authors such as
Steinmetz (2007, pp. 51) promote a conception of disciplines to b&learly demar-

cated domain® 8 | A Ad obskrizdtioDs byKerr & Lorenz-Meyer it is the most
common view of disciplines in scientific literature(2009, p.155).

In constructivist theory though, knowledge production is a process ofdlynamic
adaption towards viable interpretations of experienc® (von Glasersfeld, 1990).
This presumes that the nature of disciplines can change as new forms of epist
mology are arising. The notion of intersubjective knowledge construction (see e.g.
Rogoff, 1990; Vygotsky, 1962) also suggests that a discipline is in principal at the
same aninterdiscipline, with disciplinary beliefs and practices being viable ao-
ventions rather than objective truths. It is then obvious why concrete disciplines
are not always easy to locate. The domain of Education can for example be seen as
a discipline in its own right, even though others stat® E Aeducaton is interdisd-
plinary 6 (inter viewee in: Conoleet al, 2010, p. 20). This explains a number ofua
OET 006 DPOAMEAOAT AA A O A 11T 0A AUl Al A OOA
ciplines as being@haracterised by multiple interconnections and shot through
with cross-disciplinary pathwayso (2001, p. 1196). A more anthropological p-

/
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proach is taken by Strathern (2007, pp. 123). She suggests disciplines to be viewed
as cultures, merely borrowing ideas from past contexts:

JThe concept of culture] depicts ideas and concepts embedded in diplinary tr a-
ditions [...]. This implies that there also has to be some communication about where
the concepts come from, that is, about those original contextp. 123)

Others, like Brew (2008), counter the anthropological viewpoint, saying that disc
plinary labelling is flexible and rhetorical rather than the@xpression of a shared
identity 6 (p. 424). When scanning the literature on disciplinary interaction, one
comes across a humber of closely related concepts, including e.g. multians-, or
plurid isciplinarity 4. While Archibald Buchholz, Duffy, Greenwood, Marx, Sl
man and Yoonargue that these concepts are often interchangeabl@07, p. 12),
Strathern (2007) views them on a continuum, indicating different integrative p-
tential. Multidisciplinarity in that sense is often described as a rather weak form of
interaction, a Gimple alignment of skill®d (p. 124). It implies an Gdditive ap-
proacho (Kerr & Lorenz-Meyer, 2009, p. 155), bringing together different perspe-
tives without fundamentally questioning disciplinary borders. Transdisciplinarity;
in contrast, refers to Gorms of intellectual transculturationd (Steinmetz 2007, p.
49), involving also nonresearchersto participate in the epistemological process
and the formulation of problems.

2.2.2 Interdisciplinarity

Despite the fact that there are differences between thaforementioned terms, sev-
eral authors useinterdisciplinarity as a generic term, including all the above named
(see e.g. Strathern, 2007, Kerr & Lorerlleyer, 2009). When lookingat the various
definitions, many of them stressintegrative aspects of the concepA1T A E 60 OPOI
lem-£ AOOAA ADPDOIT AAKRE, pp. &I1L) EFtankd & al.fskedirtie
disciplinarity as anOET OAOAAOGET T h 1T OAOI APbh OBRidkiOET C 1 £
plinesamongtwol O [ 1T OA A p.AANEmiussindparéicularly on interdis-
ciplinary research the Organisation for Economic Coperation and Development
(OECD offers abroad definition (as cit. in Berger, 1972, pp. 226). It includes any
interaction among discplinesh OAT CET ¢ &O0iI I OOEI b1 A ATi1 01
i OOOAI EI.OACOAOETT S
Onterdisciplinary - an adjective describing the interaction among two or more di
ferent disciplines. This interaction may range from simple communication of iehs
to the mutual integration of organising concepts, methodology, procedures, epeést

14 This thesis will not go into further detail with related terms, as concepts are similar. For more
definitions see e.g. Franks, Dale, Hindmarsh, Fellows, BuckridgeCybirski, 2007.
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mology, terminology, data, and organisation of research and education in a fairly

large field. An interdisciplinary group consists of persons trained in different fields
of knowledge (disciplines) with different concepts, methods, and data and terms
organised into a common effort on a common problem with continuous interao-

s N oA L o~z s oA

i 61T EAAOGEITT AiiT1c¢c OEA PAOOEAEDPAT OO AEOI I

(OECD, as cit. in Berger, 1972, [2b-26)

Kerr & Lorenz-Meyer (2009, p. 153) use anore narrow definition, sayingthat OrE
terdisciplinarity denotes synchronising and integrating methodologies and ejs+
teml 1 T CEAOO6 AAOT A®theAdE@DESkiDIifidn @ listEE phovided of all

AE E/E

the AODPAAOO O1T AA EIT OA QuinAadcBnkdpts, EnbtiotiolodyFpb-C OT OCA

cedures, epistemology, terminology, data, and organisation of research and edtc
OEI 16 j"AOCAOh pwxch P8 c¢cuvgs (AOOAOU
level, emphasising that integration is achieved by researchers with different bdc
grounds (cf. p. 13). This indicates that training and education of researchers play a
role for interdisciplinarity, which is why these aspects have been included in the
study at hand.

For training andteachingOET AEZAZZAOAT O AZA£EAI AO 1T £ EI
1972), ahierarchical typology has been provided by Armstrong (1980) who was
dealing with interdisciplinary faculty curriculum development. He compares four
types of interdisciplinary education with different integrative strength. The we-
est one iseducation in a selection of courses from different departments toward a
disciplinary major. It is easily achieved, but the least effectivp. 53). The second
one involves education, which includes opportunities to share insights from a
number of disciplinary courses, such as a seminar that caps or overarches th@pr
gramme of study(p. 53). A stronger type of interdisciplinarity is identified, if facu-
ties create courses focusedrointerdisciplinary topics and knowledge synthesis. It
varies between team teaching and the mere collection of disciplinarians within a
course (p. 54). Finally, the strongest one is education which includes the integr
tion of material from various fields o knowledge into a purposebuilt coherent
course that addresses epistemological and methodological understandin{ys. 54).

Lattuca (2003) also set up a typology of interdisciplinary training and teaching.
Main characteristics are as follows:

1 Informed interdisciplinarity involves classical disciplinary courses n-
forming about other disciplines, while still being rooted in the original

P pwyg

T x1 AAC

AEOAEDPI ET A6O0 OAOAAOAE NOAOOETT O AT A A& AA

T Synthetic interdisciplinarity addresses questions in the aforememned

OCADPO AT A ET OAOOAAOET 1 06 AAOxABs AEOAED

bridge the disciplines (p 6).
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1 Transdisciplinarity. As Steinmetz 2007, p. 49, Lattuca sees Transdise
plinarity as the subordination of disciplines to the development of an

Ol OAOAEET ¢ OUTI OEAOEOGG68 #1 OOOAO ET OEAO C

transcend monodisciplinary thought (p. 7).
1 Conceptual interdisciplinarity means courses, which discuss complex

NOAOOETI 1O OEAO AAT 8O0 AA AAAI O xEOE AU
strong integration and critique of monodisciplinary approaches (p. 7). An
AgAi DI A x1T O A OEA ET OAOOECAOEITIn- 11T OEA

volving specialists from materials sciences, geography, statistics and
mathematics, space science, engineering, bogly and others.

In the following, this thesis focuses on a broad definition of interdisciplinarity, as
also in the empirical part a differentiated picture of the facets interdisciplinarity is
going to be drawn. It is regarded asontinuous it involves sanehow frequent
communicationor even collaboration, it requires a form otraining/education, and

it has the necessity of a common focus, aim or vision. From now on, the OECD- def
nition is taken into account, as it involves all of those features.

2.3 Oen Access and Interdisciplirtgr

3AEAT AAh AO EO EO 1T £#0AT AAET ¢ £O01 AAA AU
publishing its results. Therefore it keeps contributing to the knowledge base of a
society. The interaction between academia in generand other societal instit u-
OETTO0 EO AAOAOCEAAAAB UEIDGAOAE O AdmiVEVedr FOO
the broader public (Frodeman et al., 2001, pp.-&). Without results and data being
available for others to a certain extent, a basic scienttfiprinciple, that is repro-
ducibility, cannot be realised. A theory must offer reproducible results, if it is to be

scientific (Root-Bernstein, 1984, p. 64). If it does not do so, it is only a statement
about the observaton of aQvery improbable eveni

The idea of time and location-independent access to scientific information has
gained importance with the orrgoing internationalisation of science ad research
(DFG, 2005, p. 11)The rise of electronic communication channels and in particular
the internet now allows for a new, cheaper way of publishing and receivinger
search results in a worldwide fashion. Already since the mid990s publishers
have begun to build up electronic archives, offering digitalised versions of their of
older, print-copy journals, as a survey of Hitchcock (2003) further investigated
However, the access to these digital journal repositories is often limited and rda
ers, or respectively libraries are charged a fee, which is meant to cover thelpu
I EOEAOB6O AT 000 ingFlard mérketdhdd anfaficder Montiot, 2041F O
This contradicts the interests of academics, who want their work to be widely read

OE/

Uodh



INTERDISCIPLINARITYE

and want themselves to easily access published information, which is vital for their
research. A viewpoint statement on infamation access, published by Nobel Prize
laureate Richard J. Roberts and other scientists (2001), holds the statement that

O fmpeded access to these archives and operEd OOEAOOET 1T 1T £ OEAEC

concept of interdisciplinarity, integrative aspects play a major role also for open

access to publication. Acording to Hitchcock (2003, electonic scholarly comnu-

nication must be Orffegrated and interconnected, making something accessible

from somethingels®é 8 4EEO OOI I AOEET coh EA Aid-OET OAOh
OUT T An OO0 hato Backlréudd of pivileged j)P8

Open access Al OT AAAO8 O/ ' 6q AAT 15 ddarddthedi-1 AA AO
provement of accessibility of the results, generated by scientific researclkf(DFG,

2005, p. 11).The Berlin declaration on Open Accessigned by several scholarlyn-

stitutions within Germany and Europe, points out two key characteristics for a

work to be an open access contribution (Gruss, 2003).

1. O4EA AOOEI O0j 6Qq f8Y GCOA1T O0j 6q O1 Al1 OOAOO .
access to, and a license to copy, use, distribute, transmit angplay the work
publicly and to make and distribute derivative works, in any digital medium
Al O ATU OAODPI T OEAI A POOPT OAh OOAEAAO O b
as well as the right to make small numbers of printed copies for their pe
sonal use.
2. AAT i pI AOA OAOOEITT 1T &/ OEA x1T OE f8Y EIT Al
format is deposited (and thus published) in at least one online repository a4
ing suitable technical standards 8 tfat is supported and maintained by an
academic institution, scholarlysociety, government agency, or other wells
tablished organization that seeks to enable open access, unrestricted distuib
tion, interoperability, and longgOA Oi A OAEEOET C86
(Gruss, 2003p. 2)

T OET OOh A x1 O th&ddthay gradh the rigiitd ds©tBepublia-

OETT 1 AOAOCEAI AT A EZAZ EO EO DPOAIEOEAA 11 OE
ganisation that supports open access principlestwo different types of Open a-

cess works are usually distinguished (DFG, 2005, pp. -I2): The golden roadto

open access involves a business model, where researchers themselves pay fees for

publishing their works in referenced onlineopen access journal3hese author fees

15 A detailed timeline of the Open access movement can be found in Suber (20dde:http://oad.
simmons.edu/oadwiki/Timeline) . OA resources in the field of Education are documented by the
education research global observatory alttp://www.ergobservatory.info/
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include all publishing costs, so thatisers can view the publications on the internet,

without having to payany licensing fees In contrast, thegreenroad to open access

means that already published scientific results are rgpublished on the web after

the date oftheir original publication. This secondarypostprint publishingof results

in institutional or other scholarly repositories also allows for costfree access on

the web. The works are published directly by the researchers, i.e. why the term
OORIOEEEOET C6 EO AT T ii1T1 0 AAAprepopbbiisa- ' 11 OEA
ing, refers to the publishing of a draft version, which is not yet peereviewed

(Harnad, 2003). In doing so, the delays caused by a formal publishing process can

be avoided. According to Harnad (2003), another main motivation for researchers

E Qo riaximize their work's visblIEOUh OOACA AT A E@AAOSG Al 7
openly accessible to all woulebe users worldwided.

Several studies have been conducted, regarding the usage behaviour and opinion
towards OA among researchers (DFG, 200Ballmeier-Tiessen et al.2011). The
DFG study in 2005, which was focussing on the German research landscape, a
ready reported that only few researchers yet publish their works openly access
ble. Only every 1@ (N=1.026) respondent had yet published in an open access
journal. Also, theprovision of cost EFOAA DPOADPOET 6O 11 OEA ET OAOI
common. Postprints were used more often, but still rather seldom (p. 9). In ne
trast, researchers have a very positive attitude towards OA and would like to sde
funded more extensively f. 9). Six years have passed since that study, so one
might think that things changed in the meanwhile. Awo-year European study,
conductedfrom 2009 to 2011 by the Study of Open Access PublishingOAP)pro-
ject (Dallmeier-Tiessen et al 2011)A T A OTggeél th& & big step towards OA has
been achieved in recent yearsWhile 90 per cent of researchers (N50.000) find
open access publishing beneficial for their field, only-80% of all works are pub-
lished OA (pp. 1611). These results do not suggest a bighange since the DFG
study. Another finding was that small open access publishers are proliferating, as
over 50% of all ~ 3.000 identified open access journalsvere contributed by pub-
lishers, who only publish one single journal Dallmeier-Tiessen et al 2010, p. 3).

Five main reasons for supportingopen accessnterdisciplinarity, as identified by
the SOAP study, were betteaccessibilityof contents;financial issuesmeaning that
it is cheaper for e.g. libraries and research institutions to have open @&ss indi-
vidual benefitsas visibility and readership; the perception of research results as
public goods and a scientific community benefitfostering social exchange between
researchers(2011, p. 5).
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2.4 Measuring Interdisciplinarity

While it is relatively easy to measure open access publishing by counting articles,

ET OOT A1 6 AT A DOAI EOEAOOh OET OAOAEOAEDI ET AO
There are several approaches commonly used to evaluate the interdisciplinarity of

research endeavours, whgh are going to be briefly summed up in the following.

According to West (2011)scholarly networksare an appropriate model system to

get a grasp on crosslisciplinary collaborations. Especially the analysis oto-

citation and co-authorship!® data of sciernific works can detect structures of refe-

ence between different disciplinary branches (see fig. 2). An index developed by

Porter & Rafols (2009, p. 1) indicates a modest increase in interdisciplinary pu

lishing in the past 30 years. Looking at scholarlyatworks, data can be obtained by

content analyses of article references in databases. However, this quantitativp-a

PDOi AAE AAT 60 OAiIl 1 OAE AAT OO OEA 1 AOOOA 1T &
cle from a different discipline is cited does not necessidy mean that collaboration

took place.

Geosaences

Fig. 2. Example of a citation patterr(Porter & Rafols, 2009, p. 19)

Another approach is to directly countinterpersonal or inter-institutional relation-
shipsbetween researchers, either by askingl@out frequent collaborators via a su-
vey (Fink, & Heinze, 2010), or by counting social media relations (Ebner &
Reinhardt, 2009). The approach ofirtefact-actor networks combines publication

16 Co-citation: citing work from another discipline; co-authorship: publishing together with a re-
searcher from another discipline.
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and social media data in a bipartit&’, i.e. doublelayered network (Reinhardt, Moi,

& Varlemann, 2009). Moreover, there are severajualitative studiesthat try to
measure interdisciplinarity by conducting interviews with researchers and asking
about individual perceptions, practices and backgrounds (Conole et al., 201err,

& Lorenz-Meyer, 2009). Qualitative approaches are especially appropriate for
identifying obstacles to interdisciplinarity in a community, as they areaiming at a
broader understanding of the subject. Those obstacles are going to be considered
in the following chapter.

25 Barriers to Interdisciplinarity

In short, interdisciplinarity can be described as a special form afocial interaction
AAOxAAT AEOAEDI ET AO8 4EAOAMEI OA AOGEET C £l O 1
is likely to results in positive attitude measures (see also C&of this thesis). -

spite of all desirability, there are often very practical barriers towards interdis¢

plinary research, includingOApublishing, which have to be taken into account.

Conole et al. (2010, p. 8) § OA OEAO OOOOAG6 ET OAOAEOAEDI ET A
because there is dack of criteria and standard=f validity for the evaluation of in-
terdisciplinary research, which addresses the need to develop shared values and

culture. Also, practices andsocabularies are often discipline specific, as resedre

ers usually only have beentrained in one specific discipline (p 8). This was also

found by Kerr & LorenzMeyer (2009), especially noting that there is much time

AT A OAOT BOAAO 1 Ablild A Admmdna langla@eiahdexpdriise Oj b 8

157). Alsq, results indicated that especially young researchers often perceive

AEDI ET AOEOU AT A Odbddy 6 EnAwlddg®dE AER Al QA A O OLEAQE Al
career advancement (p. 163). This perception miglcome from the fact thatinter-

disciplinary contributions are ften judged by people with a single disciplinary

perspectived and therefore viewed from a narrower perspective (Conole et al., p.

39). Conole et al. describe the problem as follows:

O* | Opblidaiions remain crucial to building an academic reputation. One could

contend that it is easier to be interdisciplinary as an established researcher, when

OAOAAOAE OAPOOAOEIT EAO Al OAAAU AAAT AOGOAAI
(Conole et al., p39)

Interdisciplinary research can be facilitated by givingorogrammes their own fund-
ing streamdh  ET 1 fIAcArScio@hess@bout interdisciplinarity and intega-

17 For more information on network analysis methodology, see 6.2 of this thesis.
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tiond j ! OCOAOOChH , pp. 238439)0sitilh evenrtthe @stablishing of ne

works and institutions can be couned and measured, the real integration of ept

temology and methodology is harder to evaluated, as it is true forms of interdisc

Pl ET AOEOU AOAABZEAOADETTI T A AO Alssddih B8 w(s8
groups of indicators into account: formalinterconnections between researchers of

contrasting disciplines, locations and institutions, and their shared culture, mét

odological and epistemological practices.

Interdisciplinarity in the form of open acces$aces similar difficulties. The more

prestigious journals are often not only linked to a traditional discipline, but also

OAOU A@bAT OEOA8 4EEO €ighest dcAdériicddpadtEfac®e,l AT O x E
in which publication is essential for researchers trying to secure grants andda

vance their caecersd6 A OA E ABigh BB 1 Oa Adblishers Akd 6.9) &

sevier, Wiley-Blackwell AT A 3DOET CAO j-1T1TAEI Oh ¢mppQ8 4
OEOOAOEITO6 j$& h ¢mmuvh P8 ppq OEAO OEA bO
amounts, in order to provide access to research, which in the first place had often

been enabled and supported by public stipend funds and grant®allmeier-Tiessen

et al. (2011, p.7) identified various obstacles to OA in their survey among EoF

pean researchergsee tab. 1)

E
A

Accessibility: the author has had a bad experience with an OA journal,ein paper has not been
acceptedor the respondent thinks there are no OA journals on their fiel8%).

Funding: publication fees or lack of funding for it was mentioned39%).

Habits: respondents prefer to publish their papers only in certain established/traditional jou-
nals (4%).

Journal quality: OA journals are perceived/assumed not to be of good quality or they do not
have an impact factor(30%).

Next time: respondents intend to stat publishing in OA journals or are already doing so for their]
next article (2%).

Unawareness: the respondent is not aware of OA or OA journals on their field@%).

Other: issues such as, but not limited tothe use of green OA to achieve widespread digtution,
the inflation of OA journals, the decision taken by other cauthors and other lessfrequent con-
cepts(10%).

Tab. 1. Reasons for not publishing open accémsrnal articles; percentage indicates fe-
quency of category N= 4.976,adapted fromDallmeier-Tiessen, 2011 p. 9.

The various reasons for not publishing openly or working interdisciplinary are
very often related to funding or quality issues, as indicated by the Studgf Open
Access Publishing (p. ) It takes money or resources to enforceommunication
across the ruling institutional, epistemological or economic power structures, and
standards of validity for new paths of crosalisciplinary communication often are
not present or not perceived as effectual antdard-and-fast.
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2.5 Conclusits Chapter Two

Despite the barriers, interdisciplinarity receives a lot of attention in higher edua-
tion policy, as it is seen as a means to increase innovation acampetitiveness In a
model of the public sphere (see Jackel, 1999, p. 225) interdisciplamity is located
as well within academia, connecting separate disciplines, as also linked with other
societal systems like culture, industry, politics and law in gublic dialogue (see
figure 3). However, the strength of these connections is hard to measurinterdis-
ciplinarity often is a reflective practice (Romm, 1998), really appearing mostly in
situational occasions, for example when a psychologist meets an engineering scie
tist in the hallway to have a chat about their workAlthough most of the aforenen-
tioned studies view interdisciplinarity as something worth achieving, it should be
noted that it also hasbeen criticised. Kerr & LorenzMeyer (2009) note that it can
001 AAOT ET A ET OAIT 1T AAOOAT Qdim&IDEDIUGAT 1A DA OEAOE
might OE | B A prdjecticHoice and limit academic freedor (p. 155) if too strong
ties between academia and industry existStill, suchties need to be enabled. Go
cerning academia, it carpreferably be realised by co-locating researchers from
different disciplines in shared institutions that work on a common problem. Also,
the organisation of interdisciplinary conferences can provide chances to bring s
ciplines together, which usually work apart from each other.

Society
Law Politics Culture Industry
L/PUblic
oo EEE T T T E T ____':
i “Deep interdisciplinarity” | NN
|
¥ V¥ \/_
Academia
< ~
< =
< ~,
< =
< ~
. T i‘"':} """" ""‘-"{"-"‘ . -
Discipline A ! “Wide interdisciplinarity” i Discipline B
[

Fig. 3.Locating interdisciplinary in the public sphere
(own figure, based on Jackel, 1999, p. 225 aktodeman et al., 2001, pp.-G).
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Frodeman et al. (2001, p. 7) point out that interdisciplinarity needs to be seen as a
form of Iearnlng, with the scientists learning from nonscientistsas well. They state
OEAO 111U EA& AAAAUbIlcE iAcreasibdlyAnaidedt déniand EhitA
publicly funded research and education @arly show their connections tocommu-
nity needsd h  E1 O Aaéit éa® BeEsBcteBsiul [f. 6). Otherwise, it islikely to
ultimately lead to more disciplinarity, dividing academia from the rest of society.

The next chapter is going to look at several educational and manageriap-a
proaches that focus on fostering interdisciplinarity, especially irspatially distri b-
uted professional networks, as this is the focus of the study at hand.
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lll. FOSTERINGOMMUNITIEH- PRACTICE

Manathunga (2003, p.3) stresses the relation between interdisciplinarity and

OAT I 1 OTEQEAO T £ DOAAOEAAGHh AO dheduhdeslsADO A A
that interdisciplinarity is not to be viewed solely inan organisational project

driven context, oras limited to outcome-focused collaboration. Beyond thatcom-

munities and their culture are an important contexual factor for interdisciplinar-

ity . This assumption brings up questions oknowledge management withinthose

communities, as well as also concerninghe interaction betweenthem, e.g. several

scientific disciplines. The former is referred to by Faber and Scheper (1997, p. 53)

AO OEEGMEPI ET AOEOU 1T £ r OAl AGAAY AEORAEDI ET AC

bl ET AOCEOU 1T & OAEAT AAOG6h ET O 1 OET ¢ AEAZEAOAT C

3.1 Characteristics dfommunities of Practice

yl OEA OAOU CAT AOAIT  @dwimlnfies bf firactick {CGAae6 O AT T A
OCOi 6PO 1T £ bAé éhcdm, a gt of dblAnesAor a passion about a

topic, and whodeepen their knowledge and expertise irthis area by interacting on

AT TTCiETC AAOGEOGO j7AT cCAOh -A$AOiT &h 0O 31
are cited that communities of practice AT  AA &£l 01 A OA.GWLDddwEAOAS6 |
the concept being applied in a lot of different contexts in the field of education and

knowledge management ¢ee fig. 4. Originally it had been developed by Etienne

Wenger, an educational theorist andpractitioner, and anthropologist Jean Lave,

who were studying situated learning in very practicebased communities. These

included e.g. tailors, naval quarterrasters and meat cutters |f. 4). Focussing on

how apprenticeship takes place in such communities, they found three main da

tors for individual learning, competence developmenaind the creation of know-

edge within the community. Those are, as reported in the introductory chapter

C.1.1, asense of joint enterprise, a sha&d repertoire of resources including lan-

guage, routines, artefacts, and stories, as well as mutual engagement in relatio

ships (Wenger, 1998, pp. 78B4). The technologyenhanced learning community on
TELeurope.eu, as subject dhis study, to some extentmatches the criteria and can

count as a practice community: members share an interest in the field of TEL, and

in conducting practices that lead to TEL artefacts and the creation of new knbw

edge. Also, the platform interaction between the members indicaseengagement in

OAl AGET 1 OEEDPO8 (1T xAOAOh OEAOA AOA OGPAAEEEA
nal CoP concept, which have been studied and address several aspects of the TEL
community in a more fine-grained way.
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Through a literature analysis,Amin & REAAAOOO j ¢nmmoeq £ OmA OEAO

i OTEOEAO 1T £# POAAOEAAG EO ADDI EbkshesOd- OAOET O
ganisations, extra-organisational environments, financial services, innovabn and

manufacturing and online communities (p. 2). Statisticsfrom the EBSCusiness

Source Premierdatabasé® show that the concept is gaining popularity, even now,

20 years after it had been invented by Lave and Wenger (see figure 4).

Number of Publications
=N Wk
[=NeNeNeNe)
I
0
0
|
|
EREE
HEEN

Fig.4.0 OAl EAAOGEI 1 O xEOE OAEAOAT AA O , AOGA O
(from: Amin & Roberts, 2006, pl)

The authors (Amin, & Roberts,p. 7) identified four reoccurring types of CoPs i
cluding craft-basedcommunities, professionalcommunities, expert (or epistemiq
communities andvirtual (or online) communities. The community fems differ par-
ticularly along dimensions likeactivities, types of knowledge, forms of social inte
action; including the nature of communication, temporal aspects and the nature of
social ties; innovation and organisational dynamicgp. 7).

Craft-based conmunites CAT AOAOA [ AET 1T U OAAOOEAOEAKh EETI
knowledged p.j7) and are therefore less relevant for this thesisAn example is the

notion of informal student project groups, where members gain competencies by

crafting and designingworks such as televisionprogrammes, magazine articles

and IT related products €f. Sporer, Sippel, & Meyer, 2009).

~

Professional communities &£l A O @ppfeiticeshipsOUI A 1 AAOT Eic-Co6h xEE
essary for thedevelopment of professional competeni@sin a domain.It involves

the colocation of a newcomerwith experienced members of a CoPAmin & Rdb-

erts, 2006,p. 12). For example managemenprofessionalsin consulting firms learn

and gain experience in informal interaction with other professionals of a domain

through the means of communities of practicecf. Bredl|, 2005, p.67).1°

18%" 3#/ " OOET AOO 31 OOAA 0OAI EAO OPOI OEAAO &£O011 OA@O |
many different disciplines (Amin & Roberts, 2006, p. 1).

19 As the thesis at hand is not putting focus on the integration and the competence development of

younger researchers or their training in the domain of TEL, professional and craftased commuri-
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Avirtual community EO A AT i1 61T EOU ET xEEAE OOI1 AEAI
OEOI OCE OAAETT I T cUo6 j ! i Eommuhitadion Rappdrd @OOh ¢ mm
tween spatially distributed memberOh A8C8 OEOI OCE A xEEE8 4EA
put major emphasis on the question, whether the virtual TELeurope.eu platform is

a place, where community building and learning actually takes place. Also, altern

tive online communication channels have notbeen investigated by the study.

Membership on the technological platform is viewed as a simple indicator foni

terest and a certain expertise in technologgenhanced learning research. Pragmat

cally speaking, the platform also has been a valuable sourceratwork data and
email-addresses for sending out the survey. With not focussing on virtuality, this
OEAOEO AgAl OAAO A EOCA AEOAOOOEdabsediab xEAOE
learning communities and if so, how they differ from communities that depend on

socialfd El EAOEOU AT A AEOAAO AT CACAI AT 06 B8 ¢p
advanced and most communities at least partly operate spatially distributed

OEOI OCE OEA ET OAOT AOh EO AT AO 110 GAAI OEA
O O A Iparticufafly crucial. Also Wenger, White, Smith and Rowe (2005) wereet

searching on technology mediated communities of practice. Wenger et siate that

although communities reach out across much greater distadcO artiziation is

richer and can be moremeaningful despite linE O AaBe ti@eb 6 | P8 pQ8 &I O
OAAET T 11 gavideGhew resburcé€s for making togethernessnore continu-

ous in spite ofseparation in time and spacé 8 & AAOT OO0 A O OOAAAOOA
however, are communication features eabling rich synchronous and asyncho-

110600 ET OAOAAQGETT AT A OOAAETTI1 CUp.HOaAxAOAOE
this is supported, technologymediation does not have adiminishing effect on
community-related learning.

The fourth type of CoP, thepistemic communities E A O A pi@rarlyAkoncerned

with creating new knowledged j ! I ET AT A 21T AAOOOh aqmmneh D8
i 61T EAAOA OdrBitaiiod 6f Bacedo-face and distanciatedcontactdo h  OE AU

are most appropriate for addressing the interdiscifinarity of European technd-
ogy-enhanced learning research.

ties have less relevance-dowever, there are instruments generated by the STELLARnNet project,
focussing especially on earlycareer researcherslike e.g. the doctoral summer school (see C. 4.6).
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3.2 Definingepistenic Commnunitiesof Practice

Researchers are basicallknowledge workersas described byDrucker (1966, p.3).
ticular DOT AAOOET 1 6 | +1 E CE @xit iA CrAplet7 Bupdudt, IK&Oh p wyPx
Mehmanpazir, & Munier, 2001, p. 151P According to Creplet et al.knowledge
workers share that theyA AT AT A A Qlégfe€ bf BuBBoMmAT &1 wdkc AE O
which is often related to problemidentification and -solving. A knowledge worker
xI O1 A ET AT OPT OAOA &I 00 AEAAAOAT O 1 AOGAT O 1A
(Anderson, Finkelstein, & Quinn, 1996, p. 72). In short, those levels can be-d
scribedA O OKIEIAOG A-EDED i x-O0EDF xAT-AE DRA OA
f Cognitive knowledggknow-x EAOQd OOEA AAOEA | AOCOAOU 1T &£ A
sionals achieve through extensive training and certification. This knowledge isse
sential,y 8/ O AT I 1 AOAEAT OOAAAOOS86HG
f Advanced skillst(know-ET x qd OOOAT 01 AGAO OATT E 1 AAOT ET Ci
The ability to apply the rules of a discipline to complex realvorld problems is the
most widespread valueA OAAOET ¢ DPOT £ZAOOCET T Al OEEI T 86
{ Systems understandingknow-x E U q d,p k@owlddge of the web of causand d-
fect relationships underlying a discipline. It permits professionals to move beyond
the execution of tasks to solve larger and more complex problengsand to create
AdOOAT OAET AOU OAIlI OA8 +8YD0
 Seltmotivated creativity (carex EUQqd OOEA xEI 1 h 11 OEGAOET T h A
cess. Highly motivated groups often outperform groups with greater physical oi-f
1 AT AEAI OAOT OOAAOGS r8YS
(Anderson et al, p. 72
Creplet et al. (2001, pp. 1529) make a distinction between knowledg&orkers in
traditional communities of practice and inepistemic communitiesWhile the former
focus mainlyonthehands T D OAAOEAAhK O Endwledgk &rénflotbasA T CACA
a core activity. Especially acombination of both forms of communities, accoding
to the authors, leads to the emergence of th@ew moded of transdisciplinary
knowledge creation as described by Nowotnyet al. (see C.2.]). The notion of eps-
temic communities has been coined by Peter Haas (1992}, in the context of n-
ternational relations, using the following definition.

O!'lT APEOOAIEA Aiii OTEOU EO A TAOxT OE 1 &£ pOI
and competence in a particular domain and an authoritative claim to poliey
relevant knowledge within that domain or issueA OA A 6 8

(Haas 1992, p. 3

o Akl OA OEAOR EO xAO Al O OAEAOOAGetina@1988.0 OOAEAT OE £E/
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In contrasts to CoPs, epistemic communities rely more gorofessional expertisea
network-shapedstructure and have the aim tostrategically enhance the knowledge

of a domain. Epistemic communities especially arise in uncertain contexts, ltady

Al O A O1T Ax DPAOAAECi 6 j #0OADPI AO AO Al 8h c¢mnmaoh
scientific revolutions, 1962). Therefore they always have obvious links to poliey

relevant issues, and consist of interand transdisciplinary experts, who produce

KiT xI AACA6 OEAO EO AAT OA OEA T AI AAOO 1T £ AEO
modify them (cf. p. 1531). Epistemic communities are characterised by the me

AAOOS AOOT Torghnisatién] bidt, ublikel CaPs they have saerkind of pro-

cedural authority, e.g. a formal, political actor as the European Commission. The

actors then rely on the common understanding of a subject or a solution to a firo

I1Aih xEEAE EO £ OT A AU 1T £ZO0AT OOAT O&-AGET T Al
OEAOCS j 301 AOGDEI h ¢mnmph DBDHP8 p

Amin & Roberts (2006) mostly refer toexpert or creativecommunities of practice.

Their multidimensional comparison of those CoP forms (see tab. 2) sums up the
i AET O AEAZEAOAT AAO AAOxAAT 7AT CAO8O 1 OECET Al

Expert/Epistemic CoPs Other CoPs”
1 Specialised and expert knowledge, 1 Embodied knowledge
Type of including standards and codes 1 Specialisedexpert knowl-
knowledge 1 Exist to extend knowledge base. edgeacquired through pro-
Temporary creative coalitions; longed periodsof education
knowledge changing rapidly and training.
Proximity 9 Spatial and/or relational proximity. i Colocation important for
/nature of 9 Combination of faceto-faceand dis- demonstration
communication tanciated contact.
Temporal i Short_-llved S T Long—llvgd
aspect I drawing on institutional resources 1 Developingof structures
from avariety of expertfields and formalisms
Nature of Social | § Trust based onreputation and .
Ti - i Strong interpersonal or
ies expertise T
o institutional trust .
1 weaksocial ties
Innovation 1 High enemy, radicalinnovation 1 Mostly incremental
1  Group/project managed
Organisational 1 _Open to those with areputation 9 Hierarchically manageq
dynamic in the field 1 Open to new menbers, if
1 Management throughintermediaries not institutional .
and boundary objects?2

Tab. 2. Comparing expert and other CoPs (table modified).
(adapted from: Amin & Roberts, 2006, p. 7)

21y 7 OEEO Oi xh OEA -AEARAAOCADEOCOBADAREOBRADAE® #1 00 EAC
distinction between the two forms, see C.3.1irtual communities are left aside here.

22 O bundary objectsdhave the potential to bring communitiestogether and allow different groups

to work together on a task(cf.Wenger, 1998, p. 106).
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Expert communities deal with codified and specialised knowledge, have standards

I £ xEAO AT 61 60 AO OCiT A6 1T O OAI OABVI-A ET T x1 |
edge base. There is as special focus on theaedification of often complex know-

edge bases (Creplet et al., 2001, p. 1530). Other CoPs often have more embodied
knowledge and expert knowledge, too, but which is slowly acquired and increme

tally progressed. While, in Amin & Roberts typology, classical CoPs require- co

location, a relational or just partly faceto-face communication is seen as sufficient

Al O AgbAOO Ai i i OT ECEAOBEOGEAGH ADOAOEIAQAT TAT O
EAOA OxARLEAOBAEADB xqh AT A AOA OAAEAAIT U E
mainly on reputation, while other CoPs are more consisting of interpersonal or

institutional trust mechanisms. The organisational dynamic is characterised by

expert communities often being progct managed and open to everyone who has

the capabilities and the reputation to contribute. Other communities often have

one or several leaders or project coordinators; they are usually open, though in a

corporate context not so much.

It is interesting to note however, that expert or scientific communities are defined
by a certain form of interdisciplinarity, which is the basis for their progression, or
as Amin & Roberts put it:

QThe] expert ecology thrives on difference, more accurately, on the juxtapdisin of
variety. An essential spark in expert networks and teams working on new or oo
plex problems is the combination of not only complementary skills and cong
tences but also diverse perspectives and capabilities.

(Amin & Roberts, 2006, p. 1y

Therefore disciplines are never only disciplines, but always have the need andte
dency to consist of actors with diverse perspectives and complementary skills.

To address this, Lindkvist (2005) makes a distinction between knowledge
(~epistemic) communitiesand knowledge collectives The former are more chara-
OA OE O AnAwleAgd baSeEsimilarityd | B8 pc¢muqh xEEAE EO AOEO
enculturated paradigm. Those might represent more disciplinary CoPs. The latter
Lindkvist describes as marketdriven, consisting of wellconnected knowledge
bases and oriented towards the networked distribution of knowledge. Those might
better reflect interdisciplinary communities, which yet have tostand the test of
time and have a particular need to establish visibility and stadards of validation,
like e.g. the TEL communityln Creplet etA I @@1T) words experts are the crea-
tors of new knowledge, who deal with problems, no one has ever dealt before (p.
1520). They separate their role from those otonsultants who have beertrained
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on the existing knowledge of one or several scientific community and can apply
best-practices from one to another field (ppl1517z1535). The former have a more

strategic, transdisciplinary and policy and innovation-oriented focus. However,

distri bution and interdisciplinarity has been made easier with the progress ofdx

vanced ICT technology, which allows all stakeholders to engage across epistemic
communities (p. 1531).Kerr & Lorenz-Meyer use the term ofhybrid epistemic -

ing spaceg2009), emphasising the contextrelation of scientific disciplines. Those

OPAAAO AOA A Ebbeakihd dAntoarielsbetweeh sAAO AOAAOO AT
therefore Z£1 O Crielv ®rm©of more fluid, responsive andften marketable ar-

OAT CAI AT 0O 1 £ Oi BAOEEOI HBDI AADET pui E OO CA
AAEET AO OEA OAOI OET OAOAEOAEDI ET AOEOUG | P8

3.3 Fostering Epistemic Communities

Haas (1992)describes four factors for an epistemic community to develop. These

include ) A OOEAOAA OAQ HAZEG 6 hO I PAGH EGDERAGA ACtiorODE A AAO
I £ OEA Al i1 O61TEOU 1 AI AAOO ¢q OOEAOAA AAOQOOAI
which practicesl AAA O1T OEA OI 1 O6ET ¢ 1T £ A DPOT Al Al 8 ¢
focussing on standards, which help to judge the lidity of new knowledge in their

domain AT A 1t q A OATI 111 DIl EAU thdphoBlemsaE OAoh A/
dressed by professional competence, are a common policy conceand also being
Al T OET AAA OEAO OEOI AT xAl £ZAOA pxRET 1T AA AT EAI

Amin & Roberts (2006, pp.1&c mq T AT A T OEAO AEAAOT OOh ET Al O/
disclosure and peerOAAT CT EQOET 1 6h xEEAE [ AAT O OEAO Ao
00kl MOEG | P8 pwq AT A AO @éd réwardsh chdlleghdin§ET ¢ OE /
project and peerrecognition in exchange for their engagement in ra epistemic

ATl i1 01 EOU8 3O0AE ET AAT OEOGAO 1 OO0 AA AOAAOAA
positive personality traits like charisma and logical capability, which have been

identified by Creplet & al. (2001, p. 1522). Another factor identified by Amin &

21T AAOOO EO OiF AAETT xi AACA OEA AQGEOOAT AA 1 £
It is implied that epistemic communites AOA T 1 O OAAIT 1 Uintdeki i 1 OT EO
collaborative dynamic. Ties aremore characterised bythe affiliation with a prob-

lem and a domain than by the strong interpersonal relationship with other cm-

munity members. Indicators for this have also been found by Grabher (2004),

studying not scientific but creative communities in he advertising industry. He

DI ET OO0 100 OEAO O1 AEAI EOQU Edn neverked depui | OT EQE /
tationQ(p. 1504).! OEEOA EAAOI O EO OEA AQEOGAT AA T &



FOSTERING COMMUNITIES OF PRACT2¢

ieG6 j ! T ET Q 21 AAOOOh D8 piWEBE AD ODOihdEl £ &il Ol
out OT CA OE A O tibrarchifEaddEHu®abcracy. This cultivated informality can

be achieved by the availability of interactive surroundings ranging from e.g. an-

formal online meeting space, to a pool table in an institution here experts meet

(cf.Amin & Roberts, p. 18), to an urban environment, which is likely to spark cae

tivity and togetherness. As fourth factor the authors identify the important role of
intermediaries, as to the fact thata Qlivision of labour among expersd | P8 p w( E(
not sufficient for a functioning community. Tacit knowledge must be explicated

and codified. Thereforeshared artefacts and technologiesire means to fostercol-

lective sensemaking. An example would be the work on a shared dictionary of

terms, which are circulating within a community, as done by the TEL dictionary

initiative group mentionedin C.1.

| FOAT APEOOAI EA AT i1 Ol bfed -dpexifiddkoolledgectr AEAOAA
tiond j ' OAAEAOh c¢mnmmth D8 prtwodh yxagEfdetts EO | EE
usually have a specific task to accomplish (see also Kndbetina, 1981). However,

the project context of this study tends to be different, as the goal of the STEIR-A

net project is specifically to strengthen the TEL community within EuropeThe

context of this project and the characteristics of the domain are going to be Bu

lined in chapter four.

34 Conclusions Chapter Three

With many concrete references to the context of the study at hand, chapter three
provided an insight into the concet of practice communities. It showed that the
notion of a community, despite its craftbased origins, has often been applied to
the context of knowledgegenerating, expertisebased social groupings, including
weakly tied networks. Links between the concefs of interdisciplinarity and epis-
temic communities have been pointed out. The title of this thesis discusses tec
nology-AT EAT AAA 1 AAOT ET ¢ AgperdAT 10 BT GEAOQIROEO MEDA ED
ous chapters hold the reasons for doing so: TEL is inherentlgterdisciplinary in
the general sense, as different disciplines, such as the computer and sociat sc
ences, form it. It is highlyepistemic and knowledge-generating, with expertiserich
and policy-involved research stakeholders. Implied by the aforementionedit is
also some kind of networkedcommunity, even though the nature of social ties and
the communal specifics are subject to investigation.
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IV. TECHNOLOENHANCED LEARNING AS AN INTERDISCIPLINE

Strengthening epert communities, as the ones descrilin the previous chapters,

is also a core interest of the European Union. TH&ologna Agreementand the Lis-
bon Strategyaim £ O %0 0T BA dhamid dbagetitie kndwleGye-based
AATTT1 U6 Eédseafd eludatior afifl innoviion (European Commssion,
2011b). This political context, related to the funding of technologgenhanced lean-

ing research in Europe, is going to be addressed in the next chapter (4.1), before
looking at the nature of the TEL research community (4.2) and the contributing
disciplines (4.3).

4.1 Political Context of Technolegghanced Learning Research

The European Commission (EC) funds information and communication techmel

gies (ICT) in its framework programme for research and technologgevelopment.

This programme started back in 1984, as FP1, and has now reached its seventh

phase, FP7, from 2007 until 2013. It holds an increasing annual budget of around

eight billion euro (Euresearch 2009).Goal of the programme isd improve science

and technology, to encouragenternational competitiveness and to promotere-

search thathasal O0%OOT PAAT AAAAA OAl OAd6h EsA8 EIT Ol
tion23 (European Commissiolm ¢ mnxh 8 xq8 /1A £O01 AET ¢ 00O
framework programme for ICT is dedicated in particulart ICD for Learning and

Access to Cultural Resourcés Technologyenhanced learning, or in short

O4A, AAOT 6F EO bAQeah @®maissoi20thE A1 1 AT CA | %

™

Mia

Eurol a
[ o Annual
- budget
4
2 L1
1
]

FP1 FP2 FP3 FP4 FP5S FP6 FPT

Fig. 5.Funding of research programmes by the EC.
from: Euresearch 009)

23 An exception isthe vague field o0 £01 AAT AT OAT AOT T OE A-Gascdheanis AIOAEGHh xEA
researchersOA A A O Aonibluting # the international competition .
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Currently, there are 26 TEL project$4 funded in FP7. They cluster along threesa

pects, which is thelearning context the advancement and exploring akechnologies,

methods andtheories and the support of EUresearch policyin TEL (European

Commission, 2011d). For the years 2011 and 2012, the projects have the following

EAFEOA 1T OAOAOAEETI ¢ AEI O | OAopAAOGAA EIi PAADOG6Qq

 Firstly, adaptingand personalising educational technologits AODBAAEAI 1 U8
T 8OEA EI POT I0Rbaskd tltoring Ao that it can be widely impe-

mented in schools and at home! 1 OT h 8
1 8scienceshould be madevisible and accessibl®r young peoplee.g. through

enabling virtual experimentation with Qaboratory equipmentO
1 Other points are the enhancement ofCT for theup- and re-skilling of pro-

fessionals, whi€E EO 1T £ OOA &£ O Oi All AT A 1 AAEOQDI
T 8 A0 x Al dnerdefreofthBwllearning models

Adapted from: Eiropean Commission (2011e)

The European Commission, as the major funding institution of TEL research, also

provides one of the few relatively clar definitions of the termtechnologyenhanced

leaningg /1 EOO xAAOEOAh OEA indkestigdteE fo@thfal OOA QA (
mation and communication technologies can be used to support learning and

teaching, and competence devepment throughout life.O(European Commission

2011a). There is no agreed definitionfor TEL, as it is hard to distinguish technad-

giesthat do contribute to learning, from thosethat do not (cf. Dror, 2008 p. 216.

| £FOAT EO EO OOAA OUT T 1 BIAOOD @I dgubatithdl Bh-OA O O 1
T 1711 Scbngidey, 201).25

4.1.1 The STELLARnNet project as a Network of Excellence

Included in the EU funded projects are particularly the so calledetworks of excke

lence (NOE3®. Those are projects with partners from many EU member rens,

which can be funded for a prolonged period of up to seven years, holding aael

tively high budget of annually 6 million euros.NoOE projects especially aim at a

OPOi COAOOEOA AT A AOOAAIT A ET OACOAOGEITT o6 1T &£ 0O
(European Commission, 2003, p. 1)In doing so, it is stressed by the EC, that gar

24 The most relevant projects are going to be outlined in €1

25|t is quite likely that educationalists wouldrather choose the formerand computer scientists the

latter term.

%%@AAT 1T AT AA OAEAOO OI OOEA OOO®AEN @EICHGUR ! 1 & OEIAIAA E (
Dictionary, 2009a).
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1TAO0O ET OOEOOOCEIT O OEIOIA T1 0 AAO AO OAI T OAA
to work against disciplinary fragmentation in Europe. These strategic projectsda

dress the aEi OAT AT OET T AA DOI Al Al OEAO A@gbAOO Al
| EOAAET}] O 21 AAOOOh c¢mmeh B8 xq8 41 AT OOOA
EO Al OAOOAT Buopcan GAnimis®on,ip.Ay. O j

One of those networks of excellences the STELLARNeproject??. It hosts and de-

velops the TELeurope.eu platform, which provided the sample of researchers for

the study at hand. Since2009, STELLARnNet integrates two former European [or

jects, funded by the & framework programme: the mainly pedagogically orented

O+Al AEAT OAT PA T A@AIT DEAHA AD MO | GeEMRO)IM isTtdh Ox T OE 6
OOOAT COEAT OEA OAEOAOOA AiTii1 O1 EOU 1InE OAAETI
OEOOO 1T £ OOAOGAAOAEAOOh AAOGAT T PAOOhNetDAAAEAOC
2011). Instruments to achieve this endeavourand reduce the fragmentation,are

diverse and organised in work packages (see tab. 3, Fiedler, 2010). This work

packagegWP) are measured against four overarching project objectives:

A8 3A0 A TEAZOAOI ACAT AA AT A OOOAOACEA AEC
B. Increase international visibility and reputation of TEL research in Europe

C. Increase interdisciplinary collaboration in TEL research in Europe

D. Establish and institutionalisediscourse and exchange with selected stak

holders in Europe (list from: Fiedler & Kieslinger, 2010, p. 4).

The first objective (A) is especially reflecting the strategic element of channelling
TEL as anepistemic community Objective B refers to the aspet of distributing
knowledge in an open, transdisciplinarity fashion, which increases international
visibility. More operationally focussed, the third objective(C) seeks to establish a
wide dialogue between the disciplines, and the fourth onéD) a deep nterdiscipli-
narity (cf. Frodeman et al., 2011), where TEL research reaches out to nron
academic stakeholdersAs do the objectives, the work packages (see taB) also
aim at different actors within the community. There are special instruments for
supporting early-career researchers, established researchers, and the broadnco
munity of stakeholders (including the TEL Europe platform as an instrument for
that means). In the following chapter empirical studies on TEL research are going
to be presented, which otline the known characteristics of this research field.

2734 %, ,1 2 OOAT A0 &I O O3O000AETET C 4AAETTITCU %l EAT AAA
28 For descriptions see C.5.1.4, or visit http://cordis.europa.eu/fp7/ict/telearn-digicult/telearn -
projects-fp6_en.html
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WP29 | Short Description Instruments 30
WP1 | Grand Research Challenge for TE| Delphi Study, Trend Scouting, Roadmappin
WP2 | Building Strategic Capacity Meeting of the Minds, Podcasts

Alpine Rendezvous, Theme Teams, Ireeub

WP3 | Building Reseacher Capacity tors

Doctoral Academy Events, Doctoral Comm
WP4 | Building Next Generation Capacity nity of Practice, Doctoral Mobility Ry-

gramme
WP5 | TEL Community Level Capacity | Stakeholder Events[ELeurope.eu
WP6 | Scierce 2.0 for TEL Open Archive, Tools & Services

Tab. 3. STELLARnstruments to strengthen the TEL community.
(shortened version of Fiedler, 2010, p. €10)

4.2 Epistemic Characteristics téchnologyEnhanced Learning

This chapter is going to be divied in two parts. The first one addresses findings,
which provide insights into the general epistemological nature of the field of TEL,
including common theories, methodologies and research fields. The second one
includes those results, which in particularshow specificdifferences between TEL
disciplines.

4.2.1Describinfjechnologignhanced Learnesgarinterdiscipline

In order to comprehend the full scope of TEL research in Europe, the STELLAR
Delphi Study (Spada, Plesch, & Kaendler, 2011) asked a ekof experts for the
identification of core research areas and trends. Eleven different areas have been
found, which are going to be briefly characterized in the following.

Computer Supported Collaborative Learnlr((ﬁ,‘SCL) according to Stahl (2002)pf

cuseO 11T O 11 OEA 1 AAOT ET ChelgraupsithemseVed hddE A OAT h
learnd j B8O ppbAA OO 1 /E OEA OAOi h OAT I POOAO OODPDI
worked communication processes, which would not exist without means of tée

nology (p.2). A second ore ares!, Formal LearningE O A Aniprévidg pletices

of formal educationd j 01 A OA R e.gc im pchobls abd universities, and to

29WP7 and WP8 are left aside, as they solely deal with monitoring, management and evaluation.
30 The enormous complexity of the STELLARnNet project and the variety its instruments for corom
nity building go beyond the scope of this thesis.

31 Presented in the ader of relevance, discovered by the empirical part of the study (€2)
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support educators, who work in those location. Offside the school and university
grounds, TEL research also explorether contexts of learning. An area namedon-
textualized learningimplies that students interact and learn with internetcapable
devices in any context, even after school hours. The transfer between e.g. schools
and other environments like libraries is dalt with by TEL researchers in the core
area between formal and informal learning Emphasis is put on a twavay know-
ledge exchange between all learningelated institutions. The personalization of
learningE O AT 1T OEAO AT | ktiudturedeind lesbahsive @ppréatdtoA O
eachE 1 A E O HeAr@inky | irbofiler that Gl are able to prayress, achieve and pa
OEAEDAOAOj6, pEA). Ake@dd area mémotion and motivationrelates to
especially psychological aspects. Those are studied in respectloth technology
and learning (Plesch, p2). Similar to the aforementioned contextual learningjn-
formal learning is an area where learning takes place outside educational insiit
tions. It happens in informal settings, like e.g. an online community, whichold
EECE Oi 1 OE 0 A Outdrdpekability AsObrAofe € lin8logyfocused core
area. Challenge is to balance the development of specifically tailored education
applications, tools and devices, while maintaining the possibility to openly interact
with other technology (cf. p. 2). Another core area isvorkplace learning As the
name suggestsit seeks to understand how technology can give evidence about an
ET AE OE A Orlatéd Qrogrebs@id support the gaining of new skills. Furttre
more, the study d the increasinglyubiquitous mobile technologiesand its possibil-

ties for learning has a special role within the TEL community. A final core area
identified by Plesch, Spada et al. is the study of thikgital divide in society. This
concept refers to theD OT AT ATl AOEA CAD A AifexeAtAsbciooDAOOT 1 O
economic levels with regard both to their opportunities to access information and
communications tecmologies (ICTs) ando their use of the Internet for a wide a-
riety of activitiesd P4tricia, 2003, p.32).

In an UK context, Conole et a{2010) were looking at the methodologies used by
researchers, who are working in the field of TEL. Beside a wide focus on qualitative
social science research methodology, they found a some common methodologies,
namely sociocultural researchand activity theory?3 design research methodolog.

It is interesting to note, however that there were new methodologies developing.
Two of the new methodologies, which were mentioned, arsocio-cognitive engy

32 Including grounded theory (Glaser& Strauss 1967).

337 AET AOI OO0OAT AT A AAOEOEOU OEAI OU OAOAAOAE OAAAOAOC
within organised practices asfound among individual, groups and organisation®. j # 3! 4h ¢mppQ

#$ AOECT AAOA Asysienarid Butiléxible Bedhodblog aimed to improve educational

practices through iterative analysis, design, development, and implementation, based on collaber

tion among researchers and practitioners in realvorld settings, and leading to contextually

sensitiveAA OEC1 DOET AEDI AO A indfin0mHp. OEAOCS j 7AI CH O (Al
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neering (SCE)and collective intelligence Sociocognitive engineering according to
Sharples (2004, p542), is a Gramework for the human-centered design of ted-
nology-based systems to enhance human knowledge working, deston making,
collaboration and learning.0 It is similar to the approach ofusercentered design
(UCD) which Sharples sees as drawingn Ghe knowledge of potential users and
involves them in the design proces®Different from UCD, SCE also looks at activity
systems of people andncludes social interactions with regards to communication
and working styles.Collective intelligenceasPo6r (2011) describes it, is research on
the G@apacity of human communities to evolve towards higher order complexity
and harmony, throughs 8itfhovation mechd E O O 6 8 (erexark 6theOTEL O E
methodologies coming up, as one interviewee of Conole et al. (2010) is quoted:

n3i 1T A T £ OEA 1 AOET AT1 1 CEAAI ADPDPOI AAEAO ) EA
EAOA A 1T AAAT 11 OEAI UAO8 ) OEETE xR AOA 0O¢
ADbOT AAEAO AAOAI 1 PETI ¢ AOO OEAO O A OEOEU OE

Also, Conole et al. note that mixethethod approaches, combining quantitative and
qualitative aspects, were often found among TEL researchers (p. 26).

Regarding shared TEtspecific theories the authors especially found theories from

the fields of knowledge management, cultural psychology, and artificial intell

gence. Three of the many crosdisciplinary theories between the domain of teb-

nology and educational/social science are focused, &lsey are to be presented to

researchers in the survey of this stud$f. These are the already highlighted c¢o-

munities of practice approach (Wenger, 1998), the ActeNetwork Theory (Callon,

1986) and Constructionism (Papert, & Harel, 1991). Th€oP theoryis often used

within TEL for the likely reason that it can describe the development of any infe

mal community of learners, who arrange around, or by means of, technologym-

structionism EOh  O1T OAU EO - IAEBIEAs@EPAgeni, & Gardh AOT ET C
1991) It holds that learning happens best,when people are also active in making

tangible objects in the real world.In that respect, constructionism is connected

with experiential learning and can be applied to learners, who engage with tee

nology. Actor-Network Theoryis a framework and systematic way to consider the
infrastructure surroundit ¢ OAAET T 1 1T CEAAI AAEEAOAI-AT 6068 )
AOGi 1 OOETT 1T &£ O1T AEAOUh OAAETT 11 CEAlloh, AOOE £A
1986, p. 20. None of the theries that came up in the study by Conole et al. are

particularly new. Most of them go back to systemic and socio

35 The decision which theories and methods to includewas not an easy onéMany discussons with
STELLARnet project colleagues lead to the nine methods and respectively theories, which have
been included in the final versia of the survey (see appendix
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technological/cultural approaches of the eighties and early nineties. Still, compa
ing it with the age of classical social science (e.g. Emideirkheim) and computer
science theories (e.g. Alan Turing) the identified TEL theories are less established.

4.22 Disciplinary FragmentBsahnologgnhanced Learning

So what are the disciplines that make TEL and what are their respective practices?

4EA DPEOAOA-AOGEMARNAA TTAWUOT ET co EOOAI £ EIi bl EA
OiT 10 xEOE A-orién@d pespektivel, @nd dhere persons are with a

Ol AAicce PDAOOPAAOGEOA8 )1 Al EAAAI AAOGA EO I A
studies a rang of different disciplines is named, which can hardly be complete.

In their UK based TEL study, Conole et al. (2010, p. 19) note that many TEL r

searchers coméé from sciencebased disciplineske Mathematics, Physics, Geogr

phy, Psychology Computer Sciene, Artificial Intelligence, Engineeringand even

Dentistry. A few are from what they callechon-sciencebaseddisciplineslike Eng-

lish literature, Sociology and Economics. The labeling of social science/sociology as

O1 IOAEAT AAd6 EO A A AshsOrriding Ahat Bdh© & thél paricipantd

has studied education/pedagogyThe term scienceis not going to be discussed in

further detail. One might note though that in the theory of science (Popper, Kuhn,

AOA8Q DPEUOEAO EO OEkdis thehvksigaton of Gatu@lhbhed- OEAO O«
menad6 | 4EA ' i AOEAAT (AOEOACA S$EAOQOETT AOUh ¢mnm
ural science. Maybe because of that reason, Conole et al. stick to a safer dualism,

which is betweencomputer scientistsaand educationdists (still, note the difference

Ol OAAOAAOQEIT OAEAT OEOOO6Qq ET OEA OAOGOI O
study (p. 37).

Kraker (2010) studied TEL research practices and new media usage, conducted an

online discussion with two focus groups (n=@8), initially asking for the discipline,

people identify with37. Participants were allowed to choose several out of eight
AEOAEDI ET AOh ET AI OAET ¢ Al Ol -CorhpOtédr OiklacO AED T ET A
OETTo6h TO 1TAI A A AE OA wtiibAtionfof dadwerdis vis@A A OA @O
lized in figure 6. Most participants identify with computer science or TEL, but

many also have chosen Tel, which might indicate the aim to establish TEL as a-leg

timate scientific discipline and to strengthen the community.Social scientists (in

36 The participants were explicitly asked for their disciplinary background

37 No information on the sampling method has been givefrrom the STELLARNet contextt is as-
sumed that the participants come from various European institutionsvhich engage in TEL po-
jects.
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the broad sense) were scattered between psychology, education, social
science/sociology, and anthropology.

| OEAO #ZET AET CO 1T &£ OEA OOOAU xAOA OEAO OEAC
practices with regards to the web (p. 26). Evethough many web technologies are

being provided by the TEL related EU projects, practices lack behindf(p. 27).

(T xAOAOh OEAU OET xAA ET OAOAOO skh asio@dl | AAA
peer review, and providngAAOA OAOO Al 11 ¢ xEOE DPAPAOOGG S
TEL
Computer Science | 4
HCl | -
Education |
Psychology |
Telecommunications |
Business Administration |
Mathematics |
Instructional Technology E
Anthropology
Social Science 1
Cognitive Science | 1

Fig. 6. Example: Disciplines in a TEL focus group study.
(from: Kraker, 2010, p. 14)

The German research foundation (DFG, 2008) divides the academic landscape into

£l 00 AEEEAOAT O OAEAT OEZAEA ZEA1T AOh E8A8 OIE
OAEAT AAGe AT A OEOQI ANAROBA § OAJAAh @iDAddAIE IOAE A
which are likely to be most relevant for the study of TEL research, are tlemginee-

ing sciencen the technology side and théhumanities and social sciencesn the

learning SEAA8 (1T xAOAOh xEOEET OET OA EEAI A0 117 ¢
OAEAT AA6 AT A Al 1 38jelded@deidl scledcéslandihdnariibskate C

of interest. The following two chapters are going to briefly sum up disciplinary and
interdisciplinary aspects of those fields. The study at hand is going to stick to the

AEOOET AOGETT &EOI i OEA s$& OOOAURh OEMOCE EIT A&
DOOET ¢ OAOAAOAEAOOOGN OAT I DPOOAO OAEAT OEOGO
science/engineering science background (Csqoh AT A O1 OEA 1 AOOAO
001 AEAI OAEAT OEOOOG6Hh OOT AEAI OAEAT AA OAO/
OAEAT AATEOI AT EOCEAO AAAECOI OT A 33" Q68

3301 A A Qd hErk 16 be understoodin its broadest sense oknowledge acquisition



TECHNOLO@NHANCED LEARNING AS AN INTERDISCIRIE

4301 nterdi sci pl iimTeaahnologgEnhariced Ddarmicgi pl i ne s o

0) 1 OAOAE OA DRIEDIzAbaA&DE st sight sdems like a contradiction in
terms, isactually not at all one A knowledge collective ¢f. Lindkvist, 2005) with
several contributing disciplinary communities can only be as open and integrated
as itssubunits. It is notable because it seems thag despite ofa lot of funding (see
C.4.1)z relatively few3? studies in European TEL focus on the different styles and
cultures of knowledge creation across the engineering and social science dpsci
lines. An UK-based example for swch a study would be the onementioned con-
ducted by Conole et al. (2010.

4.3.1Locating Interdisciplinarity in the Social Sciences

The KNOWING study (Felt2009; Kerr & LorenzMeyer, 2009 studied interdiscip-
linarity, mobility, gender questions and integnationality of researchers in institu-
tions in the fields of bioscience and social scienck general, they found that social
OAEAT OEOOO ET %OOi PA OAT A O1 I AOO 11 O1 AOE
(Kerr & Lorenz-Meyer, p. 159), finding itmore important to work together with

their disciplinary colleagues than in an interdisciplinary way. However, an exge

tion was made by more experienced researchers from the UK, who often haghr

ceived multidisciplinary training in the course of their career Also the institutions

itself, though offering some crosdlisciplinary specialisations, were often headed

AU OAOAAOAEAOOh xET EAA A 0001 T C¢c EAAT OEOU
A4ET OA AOOAAI EOEAA OAOAAOAEAOO xdAodwhdt EOAT OA
Al 61 66 AO A OcCciiT Ao OEAT OU T O 1 AOET A1 1T CUR E
titative approaches werefavoured, though especially, younger, female researchers

were slowly beginning to establish more qualitativé® methods (p. 161). In the ca-

AO xEAOA ET OAOAEOAEDPI ET AOU xI1 OE EABDPAT AAn |
Auoh 117001 U AU E éalled reseainshtdians, BvAoChad tiel

feeling that it is not helping the credibility and reputation, according to theauthors

of the KNOWING study.

In contrast, most of the eighteen TEL researchers from the study by Conole et al.
see themselves as mukior interdisciplinary, stressing that education research is

39| found not a single onelt is symptomatic that studies on webbased research practicesKraker,
2010) are conducted before studies on traditional research practices have been done. This is what
Kraker (2010) indicates, when he concludes thamnore focus on actual, existing practices instead of
technology is needed (p. 27). This includes looking at, and digging into, weak spots of toatribut-
ing TEL institutions, where integration of methods is absent.

40 For the difference between qualitativeand quantitative approaches se¢he appendix
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inherently interdisciplinary (pp. 19-20). This confirms with the aforementioned

finding that UK social science research tends to be more multidisciplinary. Still,
OEAOA xAOA OAT OGETT O AT A OOAOAIT OUPAG I AT OE
OOAT AET ¢ AT A OAOPAAOG P8 oxqQ AAOxAAT OEA
as modly characterized by the conceptionand evaluation of learning scenarios,

being depended on technologists to design and implement their ideas. Therefore

their work is sometimes perceived by computer scientists as mereontextfor their

actual research. Ale, educational social scientists are stereotypically characterised

AO O1 AOGO xAl 1l AAEET AA6 | P8 ¢q¢qh xEm@ET OO0 Al £
thodologically weakd | D8 ox Q8 3T AEI T T CEOOO xAOA 1 AO0O
OEAU OAT A OET BADAAOAKRBAOGET T ET OOO00OI AT 6OOh 1 E
26). However, theOE AAT OEAZAEAAOET T h AAIT1T OOOAQETT AT A

37) is difficult for social scientists, who deal with learning pr@essesin particular
social scientists fromthe education discipline have not yet been contributing much
to pedagogical theory, as some researchers criticised (p. 34).

Levitt, Thelwall, & Oppenheim (2011) have investigated in how far the social

sciences have become more interdisciplinary in recenyears. As a measure for

that, the authors look at percentage oflocumentsin the Social Sciences Citation

index that cite crossdisciplinary. They noted a decrease betweet©980 and 1990

and a sharp increase betweed990 and 2000. For the past ten years thesuggest a

slow but steady increase, strongly varying between subdisciplines. Most increase is

found for the library sciences and information sciences (p. 1). Especially the field of
OWAOAAOQETT 2A0AAOAES OG0aue BIGRAd (@b figreR)AO A 11
while sociology and psychology are above average (p. 5).

Subject PCDCD 1980 PCDCD 1990 PCDCD 2000
Business 48.9% 51.4% 58.7%
Economics 31.3% 32.0% 43.1%
Education & Educational Research 43.0% 41.1% 50.7%
Information Science & Library Science 19.5% 26.3% 57.8%
International Relations 58.2% 55.2% 60.9%
Law 62.3% 23.5% 42.8%
Management 52.7% 49.5% 55.4%
Neurosciences 61.4% 50.4% 48.0%
Political Science 53.6% 51.5% 55.1%
Psychiatry 48.6% 46.9% 53.2%
Psychology 74.3% 74.7% 81.5%
Public, Environmental & Occupational Health 65.9% 65.7% 68.0%
Social Sciences, Interdisciplinary 78.3% 82.4% 82.0%
Sociology 58.5% 62.0% 66.09?‘
Median 55.9% 50.9% 56.6%

Fig. 7. The percentage of crosdisciplinary citing documents
(from: Levitt et al., 2011, p. 5)

41 PCDCD = Percentage of CreBssciplinary Citation Documents



TECHNOLO@NHANCED LEARNING AS AN INTERDISCIRIC

As outlined in earlier chapters, open access (OA) publishing can also count as a
form of interdisciplinarity. The publishing practices of the social sciences (inchi

ing the humanities) tend to differ from those of other science branches, like e.g. the
engineering scientists. The OA study by the German Research Foundation (DFG,
2005) showedthat social scientists publish fewer articles, as well in conventional
journals as in conference proceedings. Longer formats are more common, ingiu
ing e.g. book chapters and monographs(p. 24)43 As an audience, on the one side
social scientists address rare researchers from neighbour disciplines (as there are
many) and more interested nonprofessionals. On the other side they target less
applied and much less international audiences (p. 28). Looking at OA journals and
postprint OA, the social sciences atslack behind (pp. 4445). The European Open
Access study (SOAP, 2011) showed that many social scientist sgttlicationalists
find it difficult to access funds for OA publishing (p. 10). As other reasons for not
publishing OA they identifiedunawarenessabout OA possibilities, andaccessibility
doubts, which were more obvious than in other disciplinary fields. Only when it
comes to prepublishing draftsin archives, the social science are more involved,
even though natural science preprints outnumber all othes by far (DFG, p. 48).

4.3.2Locating Interdisciplinarity in the Computer Sciences

Computer sciences can also be seen as an inherently interdisciplinary field (Conole
et al., 2010, p. 21). Especially theomain of Artificial Intelligence (Al)44 has strong
connections to cognitive psychology «¢f. McCarthy, 2007).Other interdisciplinary
links exist with regards to e.g. bioinformatics, linguistics, immersive computing,
and quantum physics (cf. Heitmann, 2007). Still, in the first place, publications of
the past decades were looking at the specifics of computer science as a unifitst
cipline (see: Denning et al., 1989; IDEReague 2001; DodogCrnkovic, 2002) mog-

ly because the field is relatively young anc¢omputers often tend to be viewed
Golely in their capacity of toold | $-CrAkowi, 2002, p. 8)

In the domain of TEL, persons with a computer science background are oftem i

~r

Oil 1 OAA ET OEGRA NAGABMN OET @O 6 AthélevéldprdehttotBE AAOET 1

2 A monograph is a scholarly piece of writing of essay or book length on a specific, often limited
subject (American Heritage Dictionary, 2008)

43 Sidenote: The BA/MA theses written by students of the social sciences are also usually longer

than those ofstudents from other disciplines (acording to my own working experiencein a can-

puting department).

4 OOEEEAEAT ET OAl 1 Engiderhdiof faRingdn@iiighnt Gabinds] ebpkciafyl A A
intelligent computer programs. It is related to the similar task of using computers to understand

human intelligence, but Al does not have to confine itself to methods that are biologically obser

A A1 (Mcarthy, 2007)
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system, and its evaluation byusing paradigmsand methods (p. 20). The more

technological perspective m learning systemsdevelopmentis sometimes criticised

AO 1 OAOI LOITORAERA RO AT A OEAE AMA T T AN G QREAA AIGA OEAEI @
“AAOQET 1 006 | P8 operceived ékOEdsect OEAT Oy
towards the sciencePAOO 1T £ Al I POOAO OAEAT AAh OOAAOQEIT
Al Al A1 66h xEOETI OO 11 OEAET C AT i pOOAO OAEAT OE

Concerning the publication culture, computer scientists genatly publish a lot
more in conference proceedings and less in journals. In contrast, monographs and
book chapters are uncommon (DFG, 2005, p. 24). Many computer scientists know
about open access journals (p. 41) and use them more often than e.g. sociadrsci
tists (p. 44). In case that they do not use them, it is rather a question of funding
than of habits or unawareness (SOAP, 2011, p. 8). Interestingly enough, theneo
puter sciences are the discipline where researchers perceive it as mostly easy to
access®BT AO &I O /! ET 6001 Al DOAI EOEEIT Ch 1TT1U Ag
fig. 8, p. 10). Green postprint OA publishing is also often done in the computer
sciences (p. 45), while preprint publishing is no specialty of the computing domain
(pp. 47-48). Audences addressed by computer scientists are very often appdic
tion-oriented and not at all nonprofessionals (p. 28).

0% 20% 40% 60%  80% 100%

Earth sciences

Viathematical and computer sciences

Physics and related sciences
Historical and philosophical studies
Astronomy and space science
Biological sciences

Agriculture and related sciences

M Easy

Mass communications and... .
m Difficult

Engineering and technology m | have not used these sources
Education
Chemistry

Medicine, dentistry and related...

Social sciences

Business and administrative studies

I

Psychology

Fig. 8. Ease of access to funds to pay OA publications across disciplines.
(from: SOAP, 2011, p. 10)
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4.4 Conclusions Chapt&iour

Chapter four looked into both the political and epistemological dimension of TEL.
Empirical insights into the fields of computer science, social science and techoeol
gy-enhanced learning have been reported. The reported findings are far from te
plete, as a literature analysis is not the core part of this study. However, it was the
preferable way of looking at a new field, an interdiscipline in the making. It is not
yet possible to just open an introductory text book and read about the basics of a
technology-enhanced learning science, because it simply does not exist. Maybe it
will exist in ten years, when the fields are better integrated. This thesis aims to
make a small step towards the integration of the aspects of learning and techoel
gy. Too often he focus is more either on the learning side or on the technology side
and most e-learning books so farare unlikely to appeal to a computer scientist, as
they leave out thecomputing-specific bit.

4.5 Implications for the Empirical Part

For the empirical part, a survey has been constructed, which builds on the findings
of the more theoretical part of this thesis. This includes the different facets of the
term interdisciplinarity (C.2), the epistemic practices in the community (C.3) and
the more or lessdiscipline specific theories, methods and publication practices
(C.4). It is only with this knowledge about interdisciplinarity and the corresponl-
ing disciplines in TEL, that a study on the TEL interdiscipline can be conducted.
Therefore the approach takenby the study at hand is quite straightforward. By
confronting the TEL researchers with different versions and definitions of inte
disciplinarity, different methods and theories, they have to reflect on their relation
to disciplinary bodies of knowledge. A interdisciplinarity is a reflective practice
(cf. Romm, 1998), this was thought of an appropriate way of conducting research
on it. By looking at fragmentation from a more reflectiororiented point of view,
this study hopes to induce further research omeflected disciplinary fragmentation
within the scientific field betweenlearning and technology.
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V. STUDY:
INTERDISCIPLINARITY IN TECHNEANMEAWCED LEARNING

For the study at hand,several methods are being combined, proposing a-sep

approach, as visualised in figure9. In a first step, disciplinarydifferencesare fo-

AOOAAR xEOE OEA OAOA & ashleAndpdnded Galable and AAE COT
several depended variables (see €2). Therefore, three groups are formed. The

first group contains persons with a background in the engineering discipline, the

second one those with a social science background and the third group contains

everyone, who has a background in both disciplines, i.e. a multidisciplinary Hac

ground. The first step allows for amlysing specific features of the corresponding

disciplines, as they have been olihed in C.4.20f the theoretical part.

0. Data Collection on 1. Specific analysis of broad 2. Re-grouping via 3. Re-integration via
a network platform groups from different hierarchical cluster network analysis of
via a token survey on  disciplinary study analysis of all inter- inter-cluster relations
methodological and backgrounds disciplinarity-related (focus on integration)
epistemological (focus on difference) variables
practices (focus on diversity)
DiscA
K, Ko Il Ks —
DiscAB ke || Ks ﬁl% )
k || ke || K

| Raw Data |> Grouped Data |> Clustered Data |> Networked Data |

Fig. 9. 3-step reintegration method for the analysis of interdisciplinarity in networks.

The second step (seeC6.3) then ams for a more finegrained grouping of the e-
searchers, based on all their responses for questions that deal with interdiscipl
narity 46, e.g. their attitudes, disciplinary identification, knowledge on theories,
methods, publication practices and several ¢iers. This is achieved through a hre

45 Involving all formal degrees, e.g. BSc, MSc, BA, MA, PhD etc.
46 For the study at hand this accounts for almost all questions, which had been included.
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archical cluster analysis resulting in an optimumof k = 5-10 clusters*’. The cls-
ters allow for describing the variety of interdisciplinary subgroups, and it raises
awareness for structures in the community that remained tait before canducting
the cluster analysis (focus lies on TEL featuseof the subgroups as in C.4)2

Finally, in the third step (C6.4), integration is focussed. This means looking at how

persons from different Gneaningfuld A1 OOOA O AOA AduiopehldOAA 11
form. This is achieved through network analysis, which allowsvestigating inter -

cluster relations.

5.1 Study Design

The main empirical foundation of this thesis is @ online survey which has been
sent outvia email to all persons who at the time of June 2011 were members of
the academiaesearchnetwork platform TELeurope.eu.

In general, platform registration is open to anyone. However, for participation in
the questionnaire an affiliation with research was demanded, so that questions
about scientific methodology can be answered properly. This fact did not necessa
ily exclude other TELeurope.eu target groups, as long as research activities are to
some extent part of their work.

Other TELeurope .eutarget groups (list from TELeurope.eu, »11)

Policymakers People influencing policy in education and training, research,

or innovation.

Teachers in Formal EducatiorEducators within schools, colleges and universities.
Continuing Professional Developmeiuman Resource Professionals, managemie
consultants, or corporate change manager.

ICT/TEL Industry:Representatives of SMEs and large enterprises working in the
field of technology-enhanced learning.

With a considerable amount ofmembers and the clear focus ortechnology-
enhanced learningresearchers and practitioners, theTELeurope.eucommunity
may possibly be representative for European TEL as a whole. Still, the exploratory
study at hand with its relatively few participants (N=123) can only be represena-
tive for the corresponding TEL netvork. Main goal was to account for the research

47 For bigger networks, involving more disciplinesa higher number might be approprate.
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cultures and practices of all contributing scientific disciplines and their opinions
towards interdisciplinarity. Moreover it was to be tested, whether there are diffe-
ences in publication behaviour and attiude, regarding early career social and
computer science researchers, in contrast to more established researchers.

51.1 Sampling Procedure

Yyl A EEOOO OO0AD A £0Amnil ddeses fod hé TELeOBpE | AT AA
database, a huge amount of fakaccounts and spam bots had to be detected and
filtered out from the dataset. This left 1.149 valid addresses from a total of 1.748.

Each of them then has been given a token, in order to be able to track responses.
This was necessary to combine individuakurvey responses with the collective
data of member platform interconnections (see network analysis, CA3). In
choosing all platform members as sample for the European TEL research coomm
nity, nonprobability sampling has been used in this study. Therera several pu-
posive sampling methods, which can justify choosing a particular community as
the target sample (methods from: Trochim, 2006):

A Expert Sampling:Expert communities have already been discussed in the
theoretical part of this thesis. On its covepage, TELeuropesuclaims that a
i AT AAO AAT OAT CACA xEOE A@PAOOO &1 OEA 7/
coming part of the network. This implies that many experts of technology
enhanced learning are registered members. According to Trochim expert
sampli ¢ T AAT O OOEA AOOAI Al ET C 1T &£ Ae-OAIl PI A
iT1T OO0O0AAT A AobAOEAT AA AT A A@PAOOEOA EIT (
extent, the case for TELeurope.eu.

A Heterogeneity SamplingEuropean TEL research is considered to be quite-d
verse, in involving also nortuniversity stakeholders, as mentioned before.
This study is interested in the opinions of all members, even the ones with
less expertise in the field. Heterogeneity sampling aims at this diversity so it
i AOAEAO OEA OOOAUBO APDOIT AAES

A Modal Instance Samplingd EEO | AOET A OAEAO A Al 1T OAO |
Oi TAAT 6 j 401 AEEIi h ¢mmeq OADPOAOGAT OAOEOAO
on a platform under the banner of European TEL research, can be regarded
as relatively typical in that respet.

However, neither the nature of the heterogeneity andexpertise is sure to be
known about the TEleurope.eucommunity, so a major goal of this study is to shed
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IECEO 11T OEAOA EOOOAO8 )1 bPIAET xI1 OAOh
of a goup of experts, working in an interdisciplinary field. For what is noted about

the community, its members come mostly, andbout equally distributed, from the
scientific fields of engineerhg science and social scienceumanities. A table (see
tab. 4) provides an overview of the areas of expertise, which are included in each
of the four scientific fields, taken from a classification of the German research
foundation. Sample characteristics along the disciplinary backgroundre the main
focus of analysign the following chapters.

Discipline

Ancient Cultures

History

Fine Arts, Music, Theatre Studies
Linguistics

Literary Studies

Social and Cultural Anthropology
Theology

Philosophy

Education Sciences

Psychology

Social Sciences

Economics

Jurisprudence

Production Technology

Mechanics and Constructive Mechanical Engineering
Process Engineering, Technical Chemistry
Heat Energy Technology, Thermal Machines / Drives
Materials Engineering

Materials Science, Raw Materials

System Engineering

Electrical Engineering

Computer Science

Construction Engineering and Architecture
[ é]
[ é]
[ é]
[ €]
[ é]
[ €]
[ é]

Research Area

Humanities

Social and Behavioural Sci-
ences

Mechanical and Industrial
Engineering

Thermal Engineering/ Process
Engineering

Materials Science and Engi-
neering

Computer Science, Electrical
and System Engineering

Contruction Engineering and
Architecture

Biology

Medicine

Agriculture and Forestry
Chemistry

Physics

Mathematics

Geosciences (including Geog-
raphy)

Scientific Field

Humanities and Social
Sciences

Engineering Sciences

Life Sciences

Natural Sciences

Tab. 4. The scientific landscapeabbreviated list, based on DFG, 2008)

m)
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5.1.2 Questionnaire Construction

Main purpose of the questionnairewas to encompass understandings and aitt

tudes towards interdisciplinarity, as well as to investigate disciplinary bak-

grounds, identities and practices in the community. Introductory questions thes-

£l OA xAOA OOUET ¢ O 11 AA®Agy-énEahcedlda@idghA OAEA OO
their activities and study background, in order to be able to put other questions

into context. The questionnaire has been developed from scratch, building on the
experiences of a qualitative TEL study (see Conole et al., 2010)3aan study looking

into open access publication, conducted by the German Research foundation (see

DFG, 2005).

The first draft of the questionnaire has been discussed with researchers from the
STELLARnNet EU project, taking into account formal constructionpmtent and an-
pirical-methodological accuracy. After that, a préest helped to further enhance its
conclusiveness, integrity,comprehensibility and validity (see C.5.1.3). In condt
eration of the pre-test results, the final questionnaire consisted of sixlbcks with a
total of 24 questions, which are forming 22 variables (see tab. 5).

Vi What are your main work activities in the field of Technology Enhanced Learning? Block 1:
V2 Which of the following TEL research areas reflect your work? TEL Basics

V3 In which scientific fields have you been studying (for Bachelor/Master/PhD)?*®

V4 Would you consider your study background as "interdisciplinary"? Please answer for different
definitions of interdisciplinarity. R

V5 Would you consider your current work as "interdisciplinary"? Please answer for different _BIOCk 2: Interdisciplinar-
definitions of interdisciplinarity. ity and

V6 On the whole, which scientific field do you identify with the most? Background

V7 What is your opinion on the following statements about interdisciplinarity? (Note: Interdiscipli-

nary research here defined as: "Strong and integrative collaboration of researchers from
different scientific fields working on a common research aim.")

V8ac  Please tell how you use the following terms that are often relevant to TEL research. There are  W=IfYo /@R
no right or wrong answers. Please finish the following sentences by ticking the option that best T inol
reflects your gut feeling. AWhen I use the term "a;b;c", it is usually about . . . 0o €rminology
V9 Which of the following methods do you use in your research?*

Block 4:
V10 On which of the following theoretical perspectives do you base your research? Methods and Theories

V11l  what audiences do you typically address with your publications?

V12 Do you address researchers outside your work country with your publications? Block 5:
V13 In 2010, how many of your works did you publish in a conventional way (through publishing Publishing and Open
companies with charging a fee) Access

V14 In 2010, how many of your works did you also publish for open access on the web (preprint as
well as postprint)?

48 A table with a list of scientific fields (Social Science & Humanities, Engineering Science, Life Sc

ence, Natural Science) and corresponding subdisciplinesas made available (seappendix), in

I OARAO O AOTEA A Ml Ax RaBkgrdvb6dd1 OACETT 1T &£ 11A80 O00OAU A
49 Comprehensive descriptions of all named methods and theories have been provided to reduce

OEA Ai10106 T &£ O0) Ai160 ETi x6 AT OxAOO AT A OEAOAE OA
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V15 What kind of workplace have you mainly been working in for the past 12 months? (Note: If you
have been working in more than one place, please consider the one where you spent most of
your time)

V16  Whatis your work position?
V17  what academic background do most of your colleagues have? Block 6:

V18  Where is the institution located? + City* Demographic Data and

EU Projects

V19*  what age-group do you belong to?
V20*  For how many years approx. have you been working in the field of TEL?

V21*  Gender

V22 Do you participate or have you previously participated in any European TEL project?

*not mandatory

Tab. 5. List of survey variables incl. quéshss0

A4EA EEOOO CcOlI O xAO Ai OAOET ¢ AAOEA NOAOOET
interests in the field of technologyenhanced learning. Next, the second group was
determining the (inter-)disciplinarity of study backgrounds and current work, al®

addressing attitudes towards the concept of interdisciplinarity. In the third group,

participants were asked to define common TEL terms that were thought to bera

biguous and which meanings may vary, depending on the academic culture you

come from. Afterthat, the fourth group of questions was looking into the utilisation

of theories and methods from Computer and Social Science as well as a range of
O00PbPiI OAA O4%, OEAI OEAO AT A 1 AOEI AOGd6h xEEAE
group was dedicated to pubkation related questions about targeted audiences

and publication formats, with special consideration for Open Access. Finally, the

last questions were covering demographic information, like e.g. country or instit

tion, which is essential for an in detailanalysis of the questionnaire answers. For

statistical purposes and only partly of interest for this study, also the participation

in European TEL projects has been collected.

The questionnaire consisted mainly of closed questions, even though sometimes
room was left for open answers. For example, the participants were enabled to
name an individual study background, work position, project affiliation and pul
cation audience. Another open text field appeared on condition that a participant
did not agree onany of the definitions in the terminology section more than once.
It was then possible to give a reason for not choosing a definition. At the end, dee
back on the survey was requested in an additional, nemandatory comment box.
The questionnaire has beerbuilt using LimeSurvey open source software and was
sent out via Microsoft Office Mail Merge.

50 For a detailed list of al answer options seeappendix.
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5.1.3 Pretest and Questionnaire Adaptions

In May 2011, a pretest of the questionnaire has been conducted, involvinger

searchers, who in the broadest sense wérin technology-enhanced learning or

related fields, like humanrcomputer interaction or CSC\WL. Researchers already

registered on TELeurope were asked not to participate in the prgest, in order to

avoid an overlapping in both groups. Participants came fra three different insti-

tutions, CRAFT2 of the university Ecole Polytechnique Fédérale de Lausanne

j %0&, dh 3 xEOUAOI AT Ah AO xAl1 OEA /®AT 51 EC
(KMi) and Institute of Educational Technolog¥* (IET) in the United Kingdom. 11
researchers took part in the pretest. At the end of every page they were asked to

leave voluntary comments on perceived difficulties and errors. Most of them

needed more time to fill it out than the promised 57 minutes, which is why the

estimation was sethigher, up to 1612 minutes. Also, a set of questions, concerning

the use of online media, had to be left out. Another one, asking for the size of the

x| OE ET OOEOOGOET T h xAO OAi T OAA AAAAOOA OAODI
answer. However, besidesome minor rephrasing and reordering adaptions, most

guestions seemed to work well. The question VB about theories e.g. indicated

that there are expected differences in the use of theories in TEL research, deden

ing on the disciplinary background. AQUOOET T h xEEAE AEAT 380 xI OE
one about preferred terminology (V8). It did not at all show excepted tendencies

towards a language difference between the disciplines, but appeared to produce

flawed responses, highly influenced by the concretehpasing of the question. In

the pretest version V8 had been put in the following way:

veO0ol AAGA AET T OA OEA 110060 Pi ACOEAT A 1 AATETC
Which of the definitions seems more likely to you? If you find more than one pla
sible, dhoose your favourite. If no option seems plausible to you, tick "none of
them". There are no right or wrong answers. Please answer quickly by ticking the
i DOETI 1T OEAO AAOO OAAEI AAOGO Ui 6O cOO AAAI ETICS8
The term definitions had been derived from dictionaries ad several scientific art-
cles. Each of them was meant to address a particular discipline or school of
thought. Their origins were not communicated to the participants, in order to b-
tain more spontaneous responses. Given definitions for the ter® O A Abwe@ E |

for example:

51 Computer Supported Collaborative Work

52 http://craft.epfl.ch/

53 http://kmi.open.ac.uk/

54 http://www8.open.ac.uk/iet/

55 Seelist of variablesand corresponding questionsn C.5.1.2
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1 Situation or context that exposes learners to issues, challenges and dilemrfas
2 Narrative, describing foreseeable interactions of users and a learning system
3 Model which defines what learners can do with a given set of resourcasd tools
4 None of them

The respondents had to choose one of the terms, as a ranking was congsidietoo

complex at this point. What happened is that for this question, seven out of eleven

persons chose the third definition. This fact could mean that theEL community

agrees on this definition, but just as well it could be simply the most wephrased

one of the three. With the items being too diverse to test them properly, a more
standardised way of testing the terminology has been chosen for the final \&on

of the questionnaire. After the adaptions, V8 had a more abstract form, asking to

AT 1 Dl AGA OOAOGAI AT 00K IEMEAEQO7TEERTOQOAIAG A OGBAA ¢
could then choose between a social, technological and systemic meaning. In the

scenario example the final options looked like this:

fiwhen | use the term scenario, it is usually about ...
1 ... describingHuman-Computer interactions"
(e.g. narratives and interactions in a systenmiolving people and technology)
.. describing step®r actions between people”
(e g role plays, team work, teadhg strategies)
.descritlT ¢ OAAETTI1T cCcU ET OAOAAQET T 0o
(e g use cases ith abstract actors, such as external software ananual processes)
4 None of them

Another question, which had to be adapted, as V1 about TEL activities. A simple

OUAGS6 T O O1Ti 6 AEITEAAh AO ET OEA DPOAOAOOR O
ryone would put a yes to the activityO O A O A A @Veiit thdudp & may not be the

main activity. It then was replaced by Likertscaleitems. Also, activities such as
OOAAAEET Co 1O OPOICOAiITEICco xAOA AAAAAR AO
xEOEET OEA 4%, AT i1 Of-F®Ussalsoshithble@Ddolbie OAT | ET C
check, whether persons with an engineering background are really imlwved with

computing, which in TEL seemed reasonable, but was not surely known.

While during the pretest the concrete ordering of the questions was still work in
progress, a decision had to be made for the final questionnaire. As a result, gue
tions on the PAOAAEOAA ET OAOAEOAEDI ET AOEOU T £ T1A

56 The first definition comes from the social sciences, respectively pedagogy,iafocuses on the

learner and his/her situation. In contrast, the second one is a computer science definition, as it

OOAAOO 1 AAOT AOO AO OOAOO T &# A OAAETTI1TCEAAT OUOOAI 8
third definition is a rather cross-disciplinary one.

57 Three terms have been chosenjz. OET OAOOAT OEIT 1 6
OAOI O TEEA OAAOGECiI &6 10O OfI AGET A¢
nology- or sociatfocused researchers.

>h OAOAI OAOGEI 16 AT A OO
oh OEAOA xAhOA AODPAAOA,
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were put right after the introductory, easyto-answer TEL questions. This was

ATTA OF CcAlT AOAOGA 11 O0A ObPi 1T OAT AT OO OAOOI 00
EAA AAAT DOO AEOCBIOA DEAATAGEAIOGOUNST A ODPOAIT EAA
OEAU T EGCEO OAEOA Ax Adsdiflina® @ackgroundi ThdoyO | ET OA

methods, publication etc. were held in the respective order, because this mirrors
the typical research process, with at first knowedge generation and afterwards
publication and knowledge distribution. As recommended for survey construction,
demographic data was asked for at the end. Membership in EU projects was the
very final question, as there was a huge list of projects to choof®m. If respon-
dents had left the questionnaire at that point, all the other more important data
would still have had been saved.

5.2 Methods of Analysis

As already indicated, the study at hand combines several methods of analysis;isu
as bivariate hypdhesis tests multivariate hierarchical cluster analysis and social
network analysis. These methods and their characteristics in reporting are going to
be explained in the following chapters.

5.2.1 Nonparametric Hypothesis Testing

In social statistics,nonparametric tests are used for ordinal data, e.g. Likedcales,

which are frequently occurring in the study at hand. In comparison to parametric
tests, they make fewer assumptions on the distribution of the data (Plonsky, 2009).

This means they do notequire a normal data distribution. Categorical data, e.g. V8
O7TEAO AAOAcCi OU 1T &£ OAOI O AT Ui 6 POAAEAODeo®
data. Still, nonparametric tests have disadvantages in comparison to parametric
tests, as they are less strict ahpowerful in the ability of finding a difference when

there really is oneand less robust, meaning they cannot tolerate violations of prior
assumptions (f.section IIl).

The null hypothesis H, which states that there is no difference between the three
big disciplinary groups, is tested by theKruskal-Wallis H test for independent
samples. Therefore the disciplinary study background (V3) makes up the grouping
variable, treating computer science backgroun®@ (only), social science bak-

58 From this point on, engineering science and computer science is going to be treated syypon
mously, as results (see 6) indicate that the vast majority studied computing related subjects.

AA
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ground (only) and multidisciplinary background as three independent groupsThe
Kruskal-Wallis H test is designed for testing differences between three or more
level of one independent grouping variable and an ordinal scaled depended var
able. In other words, it is thenon-parametric version of ANOVAUCLA, 2007).

If the probability (p) value is lower than the significance level { = 0.05), the null

hypothesis is to be rejected. In that case or even if the value is slightly over this

limit (p < 0.06), it is worth testing, if ary of the three groups is particularly diffe-

ent. This can be done by pairwise comparison, using thdann-Whitney U test of

two independent groups. For example a test can consist of one group, who studied

in a certain discipline and the rest, who did not. ie Mann-Whitney is similar to

the KruskalWallis H, with the only difference that it is not capable of comparing

more than two different groups within the independent variable (UCLA, 2007). As

meansare usually not reported for ordinal data (Gamble, 2001p.13), in this study

percentageof group discipline is going to indicate the differences between the

groups in more detail. Therefore sometimes parameter values are summed up in

I OAAO O DPOAOGAT O OEA OAOOI 6O ET A b1 OA AT
AT A OACOAAoe 1T AEA Ob OEA OACOAAT AT 6oh OOO0OI 1

Besides bar, column and pie charts, aldmx plotsare visualisation formats used for
reporting the results. Box plots allow a more precise interpretation othe answer
distribution. It does not only take means into account, but shows also minimum
and maximum values, quartiles and mediandcGill, Tukey, &Larsen, 1978, p.12).

5.2.2 Hierarchic@lluster Analysis

Cluster Analysisn general describes a set dlechnigues, used to segment data into
a number of clusters. Elements within a cluster are closely related to one another,
while they are less related to elements from other clusters, regarding multiple
predefined variables Hastie, Tibshirani, & Friedman,2009, p. 501) In statistical
data analysis, clustering is used in a huge number of different fields, engachine
learning, pattern recognition, image analysis, data miningnformation retrieval
and marketing research. In the latter, the aim is the iddification of market seg-
ments (Sheppard, 1996, p. 49). Similarly, it is also a suitable technique for deseri
ing the field of European technologyenhanced learning as it is possible to detect
OAOCAO AOAEAT ARG AT A O AAOGs@esppdti®tBeOET T OE
TELeurope.eu social network platform. Cluster analysis, in general, like factor
analysis and others, is an interdependent method, as does not distinguish be-
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tween dependent and independent variables. The entire set of relationships éx-

amined. &1 O Al OOOAOET Cch-OmM&E AARATAGAT M BOAITAAEAOS
former starts with each case, i.e. participant, being a separate cluster. Those are

then agglomerated into larger clusters, based on similarity. The latter starts with

one bigcluster, which is then divided into a larger number of segments.

Hierarchical clusteringis a special variant of cluster analysis. In contrast to e.g.
k-means clustering, the number of clusters is not predefinednstead, the user
must specify ameasure d dissimilarity between groups of observations Given two
hypothetical groups G and H, the dissimilarity d(G,H)between those is calculated
from pairwise observation of dissimilarities A E @&he member of the pai i is in G
and the otherEis in H. Single linkage(SL) or nearest neighboumeasure does now
compare the groups along the closest (least dissimilar) pair in each group (Hastie
et al., p. 523)

dSL(G-, H) — lnicl_'l d”, (Hastie etal., P. 523)
1eG
i'eH

For complete linkage(CL), intergroup comparisonis done by taking the dissimila-
ity of the furthest neighbour i.e. the most dissimilar pair into account.

(p. 523

dor (G, H) = maxd;;
ieG
i'eH

Another common technique computes the average dissimilarity ira group and
uses it to comparebetween the groups.Group average linkage (GAgpresents a
compromise between the single and complete linkagé\im is to produce relatively

compact clusters that are relatively far apartThe clustering used in the study at
hand is based on the average iargroup comparison>9

] (p. 523)

ieGieH

After deciding what to compare, one must decide how to compare. The measure
for correlation can be several coefficients, which tell thestrength of dependence

59 There are more techniques like Ward, Median and Centroi6PSS, 2011)which are not going to
be described in this thesis
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between two variables.The variety of intervals to choose froms quite big, a sele-
tion of the most common ones, like Pearson, Euclidian distance, cosine etc. Several
coefficients have been tested, coming to the conclusion that the Pearson coefficient
provided best results for clustering the daté&C. In hierarchical duster analysis, e-
sults are visualised using a dendogram (see fig. 23). It shows all cases (survey r
spondents) grouped by similarity.

The Y-axis refers to the rescaled distances between the cases. The dendogfamo-

vides information about the appropriate number of clusters to keeplt is then up to

the researcher to decide on it. krarchical cluster analysis is an exploratory

method (Andrews, 2005, p. 3). Therefore alresults are recommended tobe

treated as tentative until they can be confirmed by teng a selected set of ind-

PDAT AAT O AT A AAPAT AAT O OAOEAAI AOG8 ' O #EAT j
AOOh OAOEAO OEAT OAEAT AAo6 jabidvalyahlewia@ito T 7T O xE
identify latent patterns in a hugedataset that coutl not bediscerned by any other

multivariate statistical method.6

5.2.3SociaNetwork Analysis

Central aim of network analysis as a methdd is the identification and explanation
of network structures. Therefore, several nodes of a network are examined, with
every node representing an actor. Insocial network analysis, these actors are -
mans, who are usually to be viewed at as individuals in their collective relations.
(Newman, 2006, p1). Relations between indivduals are called edgeslThey can be
either directed (pointing from one edge to another) or undirected (having no id
rection). The overall construction of edges describes theelationships that make
up a network. Looking at both nodes and edgestatements about the nature and
functionality of the investigated network can be deducedPrimary focus lies on the
1T AOxT OE OAO A xEil1 A6 OAOEAO OEAT OH$ cl A AA(
marks a crucial difference between network analysis and more conventional
methods of empirical social science, with tend to look at the individualattributes
of persons or artefacts(Jansen, 2006, pl18). Therefore, network analysis can ide-

60 Note: In order to conduct the cluster analysisn greater detail, all data has been transformed to

interval type and rescaledto a 0-1 scale.This procedure is common in applied sociological research

(Mayer, 1971, p. 519. For exampleA , EEAOO OAAI A EI 1 AET ¢ OEAI-EOGAI O Ol

x AUIOO OAOPAAOGEOATI U OAEOA C @ddudesO EQRD 1 WA AGFAAGANA 6@hmddl hA  nGBALGHO
accordance means andstandard deviationare going to bereported in the following.

601, AOxT OE AT AT UOEO ET OiI AET 11 CEAAIl OAOAAOAE A@GEOOO Ol
xEOE OEA 1 AOEI A6O EEOOI OEAAI AAOGAI T pi Al O8
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tify cliques®? of persons in larger networks, which ofen show a(atural modulari-
sationdas some personsare more connected thanothers (Newman, 2006) as &-
emplified in fig. 10.

When analysing networks, one can distinguish between mor@and bipartite varia-

tions. Criterion is the character of the nodes, which form the network cf.

Wasserman & Faust, 200R Monopartite networks only consist of nodes, which lie

on one sematic level, e.g. only persons, texts, etc., whereagtworks with bipar-

tite character display several types of nodes at the same time. This can be e.g- pe

sons and projects in TEL. A person would then be connectéal a project, if she is

AEFEI EAOAA xEOE EO8 4EAOAMEI OA OEAOGRA EET AO
x| OEMD). j b

Fig 10. Example of a modularised network. Fig 11. Example of a staishaped network.

Network analysis allows G specific, systematt and NOAT OEAUET ¢6 AAOAOE
networks (Jansen, 2006, p. 13) and can be combined with other methodology, as in

this study. It is especially conducted in sociological and developmental research, to

generate recommendations for e.g. information managemeénn organisational

contexts. Therefore, persons are identified, who are either central or peripheral

within the network to restructure and rearrange decisiorrmaking or informational

processes (Cross, Borgatti, & Parker, 2008, 7). In the following, basc terminol-

ogy of network analysis will be explained.

The density (3) of agraph describes the degree of connectedness with regards to

all points. In general, the network density is the relation between the realised o

I AACEIT O AT A OEA bl OOEAI A Ai1T1TAAOEIT O8 ' 1
least two thirds of the connections are realised (Renz, 2007). Professional e

works are usually less dense than private networks (Jansen, 2006, p. 95). The

maximum number of possible pairsimaxis calculated as followss:

Nmax =[N “(N-1)/ 2

224 EA OAOI Al ENOA EO OOAA ET OAOAEAIN ¢ ACACH GEDOEI OET EIT |
OA1 I3AEMOA OEA OAOI O O1 AOxi1 OE6 AT A OCOADPEGSGS
83N refers number of network nodes
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Fig. 2 shows a stashaped network. Wth N=9 it has 36 possible pairs of which 8

are realised.Thus, the graph has adensityap = 8/ 36 =If adgragh2is
complete, its density is 1.

On the individual level especially the terncentrality is of importance. The centrk

ity reflects the prominence of an actor. Different measures for centrality exist,
which can results in stronglyvarying values for a single actorSpecific forms of
centrality are expressed by the degree valueg which refers to the number of
AACAO OEAO ATT1TAAO OEA AAOT O O 1 OEAOOS
degree equalsnull (Jansen, 2006, p127). In general, hie highest degree of centrl

ity for a single actorcan be found in starshapednetworks (see fig. 11). A&cord-
ingly, ring-shaped networks are last centrally structured (p. 130). The most cn-
mon measures of centrality are rgA C O-A AlGgened © @Gnd rpetweeni AG OO
centrality (Serdult, 2002,p. 132). They all share the theoretical assumption that
more prominent actors have access to valuable network resources and controki
struments.

Degree centralityassumes that an actor is most central, if is very active and hasa
large number of direct relationships (Serdilt, 2002. In a graph, the degree centta

ity is calculated simply as the sum of all direct connections to other actarénother
measure, thecloseness centralitylooks at the closenesef a node to all other nodes
in the network. Hereby an actor is central, if it is in the position to reach many
nodes over as few indirect contacts as possible. High closeness centrality indicates
a high effectiveness within the network.. In contrast to te former two, between-
ness centralityaccounts for the circumstance that a positiotetweenactors can be
of special importance (p. 133). For this purpose, three actors are considered: a pair
of nodes and one node, which lies on the shortest path betweenotfe. Centrality is
assumed, if an actor lies on as many paths as possible. Persons with a high b
tweenness are likely b act as agenbetween other actors, who are dependent on
them for quickly reaching indirect contacts (Jansen, 2006, £35).

Network analysis and visualisation has been conducted using the open source
graph visualisation and manipulation software Gephi (www.gephi.org)

) A
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V. RESULTS OF INVESTIGATION

Combined with a cover letter email, the final questionnaire was sent to the around
1.000 members of TELeurope in June 2011. One week later, an email reminder was
carried out in order to increase the response rateThe cover letter explained the
context and aims of the study. It included a contact email address for eventual
questions andwas signed by members of the STELLARnNet research team and Peter
Scott, the director of the Knowledge Media Institute. A personalised htrlihk in

the email led to the start page of the online survey. This page further explained the
study, gave informationabout the author, the estimated time and included a small,
witty illustration to motivate for participation. Data collection was closed on the
30th of June 2011. 123 persons completed the survey, which makes out response
rate of around 10%. For analysis te data had been exported into an Excel table.
This was converted into a file containing only number values for each variable, so
that advanced calculations can be done, using SPSS software.

6.1 Basic Sample Characteristics

To tell about the representaiveness of the participating researchers for the
TELeurope.eu community, it is useful to take a look at the distribution of basic
variables, like disciplinary study background, age and genddtab. 6). There is a
slight bias towards social science backgrad, but gender and age are well disti-
uted. The largest group of participantsis between the age of 31 and 40The ex-
perience in the field of technologyenhanced learning ranges from one year to the
impressive number of 36 years of experience. Still, witii3%, the majority of re-
searchers hae a background of up to 10 years in TEL.

Looking at discipline differences, a majority of the social science researchers and
only on third of the engineering science researchers are womegiab. 6). The pro-
portion of the 23 professos, who responded to the surveyis similar for the disa-
plines. However, few persons,who studied computer scienceare over 30 years
old. Person with a background in social science are usually older aaimost every
multidisciplinary researcher is over 30 years old

Almost all of the participants have been working in a university or tertiary school
setting (84%) in the 12 months before the survey. Only a total of 20 persons state
to come from private companies, schools, neprofit organisations, individual en-
terprises or public cooperation. Besides the professorshimolding researchers,
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there are several lecturers (27%), research associates (25%) and assistaftts
(21%), who participated®s. Interesting enough, just as many PhD students asgsr
fessors participated in the survey, so attitudes of established and early careeer
searchers have been measured in equal amount.

Researchers from 31 different countries have participated, including 25 within
Europe, as well aghe United states ), Canada, China, Japan, Israel and South A
rica (each1l). All major European countries, such as Germany, U8pan, Italy and
France are represented in the survey. Thenumber of participants can be con-
pared with the population count of a country, in a form that thedegree of represe

V3 Study discipline Basic variables N % ‘J/((;ig(f:igﬁ:ép % total
Social science male 18 35% 15%
female 33 65% 28%
(studied only
social science) V19 Age-group
30 years and younger 12 24% 10%
Over 30 years 39 7% 33%
V16 count of professor 7 14% 6%
group total 51 100% 43%
Engineering science male 25 70% 21%
female 11 31% 9%
(studied only
engineer. science) V19 Age-group
30 years and younger 17 47% 14%
Over 30 years 19 53% 16%
V16 count of professor 7 18% 6%
group total 39 100% 30%
Multidisciplinary male 17 55% 14%
female 14 45% 12%
(studied in several fields®") V19 Age-group
30 years and younger 4 13% 3%
Over 30 years 27 87% 23%
V16 count of professor 9 29% 7%
group total 31 100% 26%
Other background group total 2 100% 1%
Total 123 100%

Tab. 6. Response rate statistic and distribution of basic vasue the final sample

64 |In contrast to a research assistant or research officer, a research associate often has a doctoral
AACOAA8 )1 O1 i1 A AAGAOG EO AAI
TTO0 Al xAUO OEAO
EAOA 0ES$Oh
65 For this questionit was possible to lect multiple answers

66 Gender and Age were noimandatory statements and therefore some values are missing.

67 18x social science and engineering science, 7x social science and natural science, 6x others
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tation drep equalsthe number of participants (N) divided by the population (P) of a
country and multiplied by 107. Table 7 shows all participating European countries
and their degree of representation on TELeurope.

Country Participants (N) _ Population (P)  diep
United Kingdom 21 60271000 35
Spain 15 40281000 3.7
Germany 14 82425000 1.7
Netherlands 9 16318000 5.5
Italy 7 58057000 1.2
Romania 5 22356000 2.2
Switzerland 5 7451000 6.7
Austria 5 8175000 6.1
France 4 60424000 0.7
Estonia 3 1342000 | 22.4
Norway 3 4575000 6.6
Belgium 3 10348000 2.9
Portugal 2 10524000 1.9
Slovenia 2 2019614 9.9
Serbia 2 10826000 1.8
Denmark 2 5413000 3.7
Bulgaria 2 7518000 2.7
Croatia 2 4497000 4.4
Sweden 1 8986000 1.1
Greece 1 10648000 0.9
Turkey 1 68894000 0.1
Czech Republic 1 10246000 1.0
Finland 1 5215000 1.9
Luxembourg 1 463000 | 21.6
Moldova 1 4446000 2.2
[other countries] 0 178281386 0.0
Europe (continent) 113 700000000%”° | 1.6

Tab. 7. Representation of European countries on TELeurope

The continent Europe as a whole is represented with argd of 1.6.Looking at the
bigger counties, especially Switzerland, Austria and the Netherlands lie above this
value, while e.g. Italy and even more France lies below it. In total numbers, most
researchers come from the United Kingdom, Spain and Germany (fi@)1

Looking at membership in EUprojects, 56% of researchers on TELeurope partic
pate or participated in at least one project in thdeuropean Framework programmes
FP5, FP6, FP7 or theContentPlus programme. Researchers of higher age groups,
not surprisingly, are more likely to be part d TEL projects. In total, as expected, the
STELLARnNeproject (22) has been named the most.

68 drep:N/P '10_7
69 This number is the gprox. estimated population of the European continent (WWP, 2011).
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Fig. 12. Heat map of Survey participation in Europe
(dark grey indicates high participation)

Also quite common is theKaleidoscope project (11), which had beenfunded by
the European Union from2004 until 2008. It dealt especially with pedagogy and
science issues concerning TEL research, like integratinpeoretical and practical
research foundatiors, and developing new methodology (Sutherland, 2011). The
LTfLL project (QYE O 11T OA OAAET T 1T CU 1T OEAT OAAh DOl OEA
lifelong 1 A A OT Esldigeoted toyvadds textbased artefacts and uses a number of
different language technologies to analyse them and to give feedback about them
back to the uses, in order to increase awareness and reflection skill§LTfLL,
2011). Another project, Share. TEC(8) is providing digital resourcesfor the teath-
ing education community. Anonline platform for teacher educators has been built,

x EEAE Olealn abolt an® Exchange resources of various kinds, and 8 Stip-
portsthe sharing of experience bhout the use of those resources Axdorph, 2010).
ROLE(7) delivers and tests prototypes of responsive TEL environmentsThese
environments can be adapted and personalise (ROLE Consortium, 2011) The
ICOPER(6) project is a best practice network, which adopts standards for open
educational content. Itcollects and further develops best practices forinteroper-
able and open content irhigher education (ICOPER, 2011). FOPROLEARN(5), the
predecessor of the STELLARnet project, theission was to ®ring together the
most important research groups in the area of professional learning and trainirny
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(Herder, 2005). Other EU projects, which have been mentioned more than once are
TENCompetencédntelLEQ PALETTEAPOSDLECamp iCLASSTARGETGaLA CQD-
PERNEXTFTELL TEL-Map, CALIBRATEMATUREand ADAPTIT.

Besides project affiliation, also thecooperation within an institution might play a
role for the O A O A A (plrEeptiorOdd the field and it might influence other vai-
ables.42% of the community work together mainly with colleagues®, who have a
social scierce background (computer science: 31%). Only one in four researchers
works in multidisciplinary institutions (25%).

It is notable that the study background largely determines the current work ingt
tution (see fig. 13) Computer scientist usuallywork together with colleaguesof the
same background 72%). About the same accounts fosocial science researchers
(65%). However, nultidisciplinarians very often have more colleagues from the
social sciences (42).

%0
%01
%0¢
%0¢€
%0%
%0G
%09
- %0L
- %08
- %06
%001

Social Science Mixed Comp.

Computer Science Mixed Soc.

Fig. 13. QVhat academic background do most of
your colleagues havé? j Bl=12Dh
(upper=SSB, middle=MSB, lower=CSB)

©rEl T &£ OEA NOAOOEIT 6px xAO OF AAOAOI ET A OEA
explicitly put it in a category, but focussing on the persons, who work there.
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6.2 SurveyResults Hypothesis Testin

The presentation of survey results is going to be structured along the four broad
research questions, which had been formulated initiallysee C.1) For each of
those, the independent variableV3 study disciplinds going to be compared with
several dependent variables using bivariate hyothesis tests

6.21Research QuestioMilSe ns e of ihthée TEL Commmunigyr pr i s e o

To recall, te first research question about a sense of joint enterprisén the TEL
community is about attitudes and identitiesof TEL researchers. It imddressing the
following concrete points:

a) $1 %001 PAAT 4%, OAOAAOAEAOO OAEAO O1 OEAI OA
b) Do they agree with different attitudinal statements towards interdisciplinarity?

c) Do they use a similar teminology/vocabulary?

d) Are they interested in the same core research areas?

Several hypothesesare going to be testedn each of these categories. In general,

the independent variable is V3 study background.lt is suggested that the study

background has arE T £ OAT AA T 1 A -)dBigidadOwichi®@® j ET OAO
resented by many dependent variables. dsts are the aforementioned Kruskal Wa

lis Hand MannWhitney U. For better reading, the three independent groups to be

tested are sometimes abbreviated3 3" 6 | 31 AEAT 3 AEAT AKA O ( OI /
COi 6T Aqh O#3"6 | %l CET AAOET CT#1 1 DOOAD 3AEAI
(Multidisciplinary Study Background).

a) Interdisciplinarity and ldentity

Most researchers across aihvolved disciplines perceiveTEL asa scientific Gnter-
disciplined j O A A A K0uskaBNallsdest therefore was not significantH(2, N =
12171) = 1.63,ns. Concerning their own interdisciplinarity, 78% claim that they
AOEACA AEEEAOAT O i0ksddhoahadsm maEtdkdipiay ET OE/
study background correlates with a high perception of current work interdiscipi-

71 Kruskal-Wallis statistics in brackets are not going to be further reported, as they stay the same.
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narity (87%?72, Mann-Whitney U = 1032, p = .014). This accounts in particular for
researchers, who work in institutions where they have multidisciplinary cd
leagues(Mann-Whitney U=967, p = .004, see statistics in the appendix).

It is not necessarily the case that persons, who studiedore subjects, also perceive
their studies asmore interdisciplinary. On thecontrary, a majority of multidiscipli-
narily trained eOAAOAEAOO ZAAl OEAO OEAEO OGOAEAO
AT TTAAOGAA DEBI%CaD 4roupsA33%). AMann-Whitney U test showed
that this is a significant differenceU = 977, p = .007. Other statements on interds-
ciplinary studying involved an integrative interdisciplinarity rather than mere
multidisciplinarity. One weak form, where courses from neighbouring depat-
ments have been studied towards a disciplinary majonyvas noticed by two thirds
of the respondents For former social scierce studens this value was significantly
higher (88%, Mann-Whitney U = 1036, p < .001). Concerning a strongly integrative
interdisciplinarity, still over 30% of researchers tell that they studied a po-
gramme, which combined epistemology and methodology of traditiondields. No
significant difference between the groups can be reported by a Krusk&Vallis test
even though computer science researchers tend to agree less (23%d} 3.75, ns.

Regarding general disciplinary bondsmore than half of the researchers have an
identity mostly related to the social sciences and only few have a multidisciplinary
identity (see fig. 14). Across all fields, study background highly correlates with the
overall identity. It is notable that 48% of MSB researchers do not have a multgdi
ciplinary identity, but identify with the social sciences (statistics see appendix).

Engineering Sciences

28%

Humanities and Social
Smer(\)ces | can not say
55% (Multidisciplinary
Identity)

15%
Natural Sciences
Life Sciences 2%

1%
Fig. 14. @n the whole, which scientific field
do you identify with the most?  j N6=1128)

Summing up, the researchers of the TEL community perceive themselvasd es-
pecially the field they work in, as very interdisciplinary. However, there is india-
tion that SSB researchers view their background asore interdisciplinary . MSB

72 Percentageof independentgroup agreement

4
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researchersand persons in mixed disciplinary institutions agree more on the in-
terdisciplinarity of their current work. However, most researchers see their ide
tity rooted in the field(s) that they once studied.

DV Subvariables p- Agree
Value | ment

Vda fl studied courses from neighbouring departments towards a disciplinary < 001 | 679%+
major, rooted in only one scientific field (e.g. in the Social Sciences). i '
"| studied several unconnected study programmes from different scientific ol

Vab fields (e.g. Humanities & Engineering Sciences)." 022 43%

Vac fl studied courses focused on topics from different scientific fields in one ns 48%*!
study programme."

vad "I studied in an academic "interdiscipline” (e.g. Biomedical Engineering), that ns 3304+
methodologically and epistemologically integrates different scientific fields."

V5a "l work in an academic "interdiscipline" (e.g. biomedical engineering) that ns 769+
integrates different scientific fields."

V5b "l interact with neighbour disciplines in my research.” ns 9496+

V5473 fl involve specialists from different scientific fields (e.g. Humanities & Engi- ns 8504+
neering Sciences) in my research.o

V5e "I bridge different scientific fields (e.g. Humanities & Engineering Sciences) 038 780+L
in the research practices and methods | use." )

V6a I d e n 1 daringt say (Multidisciplinary Identity)o .009 15%*°

V6b Lo?ni?:sn eﬂ;lclu)rgarytles afid Social Sciences (incl. Education, Psychology, Eco- < 001 | 55%*

V6e I d e n Engineering $ciences (incl. Computer Science, Materials Science, < 001 | 28%*
Mechanics, etc.)0 '

V7e firechnology-enhanced learning is an academic "interdiscipline" that bridges ns 9104+2
different scientific fields.o

Tab. 8. Overview ofyeneralagreement andgroup differences:
interdisciplinarity and identity (Kruskal-Wallis H test).

b) Opinions onmterdisciplinarity

To know not only about the background of researchers, but also about their att
tudes on interdisciplinarity, statements have been presented to the participants.
Included in the survey was a note, saying that interdisciplinarity is to be condi
ered as in the stongest sense of the concept, for answering the questions.The
concrete statementsare summed up in table 9.

Bysc(®) ET OT1 OA OEA AOI AA @it diithistdint, Blit thentaticAIMDA A OA E &
better in chapter 5.2.6, whid deals with publishing practices.
" Interdisciplinarity as "strong and integrative collaboration of researchers from different scientific

AEAT AO xT OEET ¢ 11T A AlTiii1T1T OAOAAOAE AEIi 068
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DV Subvariables \%Iue ﬁ]gernete
V7a finterdisciplinary research pushes researchers intellectually. fi ns 94%
V7b "Interdisciplinary research is hard to publish. ns 48%
V7c finterdisciplinary research is hard to achieve.o ns 65%
v7d "| prefer working interdisciplinary to working in a single discipline.o ns 78%

Tab. 9. Overview ofgeneralagreement andgroup differences:
opinions oninterdisciplinarity (Kruskal-Wallis H test).

The whole community admits that there is an intellectual value to interdiscipling

ity. Almost four in five researchers also prefer this kind of work to single

disciplinary approaches. Two thirds of the respondents thik it is hard to achieve

an integration of disciplines. There seemed to be a lot of indecision about the gue

OETTh xEAOEAO ET OAOAEOAEDI ET AOU OAS&AAOAE E
searchers did not have an opinion on this issue. No differences alotige study

background can be reported for all statements (details see appendix).

However, there were significant differences between age groups More expei-
enced researchers (31 and abovéy = 86) often disagree on the claim that it is hard
to conduct interdisciplinary research (MannWhitney U = 1060, p = .0L). They also
prefer interdisciplinary work more than early-career (under 31, N = 34 researth-
ers do U=1017,p<.01).

c) Terminology and Interdisciplinarity

The meaning of various termds very ambigwusin TEL and indicates a major gap
between disciplinary parts of the community.This was especially the case for the
OAOI OAOAIT OA BE WHeré thg shudyRbackgEbqnd copelates with the
choice of terminology. TEL researchers, who studied sotiscience, often state that
they use the term for the evaluation of people, i.e. persons like teachers, students,
employees and others. Researchers with a computer science background im<€o
OOAOO 1T EOAT AOAI thehpéidrmadde Affhardwharé api$oftvidred 8 O !
Kruskal-Wallis test revealed significant differencesH(2, N= 116) = 9.81,p < .0L
Many multidisciplinarians chose a systerroriented meaning of the term, evaluga

E1 Csygbem involving people and technolofy 6H= #.33,ns). Similar results a-
AOOOAA &£ O OEA OAOI OET OAOOAT OEiI 16 -} OAA 0O

75 See appendix for fulMann-Whitney U statistics
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T AOCET 6 AEAEAOAT AAO xAOA 1T AOO Al AAOh
to their disciplinary background. ). In general, most researchers chose systemic
term meanings, they account for half of all answers (50%).

60%

50% -

40%
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80% 0% —
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50%
60%
50% 40% -
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People Systems Technology People Systems Technology People Systems Technology
Intervention Evaluation Scenario
Fig.15.d EAT ) OOA OEA OAOI 0wdé EO

(V8;N=114/116/112; left column = SSB, middle column = MSB, right column = CSB)
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EO

Technology-oriented term meanings are least commonTheir usage varies most
strongly between the disciplines: nearly only researchers, who studied computer
science, refer to them. A table sums up the results in this section:

DV Subvariables p- Agree
Value | ment

v8al | ntervention: i (e.g. chargé ia teaghing and lpaenmg | e 04 41%
which is implemented in the classroom)

V8a2 Inte_rventlon: ... changing technolog_y (e.g. user intervention, user input to a < 001 | 13%
device in Human-Computer Interaction)

v8a3 I nt erven tion ©efs (e.g. activity #onntpiiove the Eerfosmance ns 38%
of a socio-technical system)o

V8b1 Evaluation: Af. .. eval‘uatlng peopl e o7 24%
(e.g. the performance of teachers or learners)o

V8b2 Evaluation: ... evaluating technology . <01 11%
(e.g. the performance of hardware and software)o
Evaluation: ... evaluating systems o

Vb3 (e.g. the usability of a system involving people and technology)o ns 61%

vacl S c e n a I. describing steps or actions bet_wee‘n people ns 3206
(e.g. role plays, team work, teaching strategies)o
S ¢ e n a r. describing technology interactions (e.g. use cases with abstract

V8c2 .02 10%
actors, such as external software or manual processes)

v8c3 S cenar. describing _Huma_n-Computer interactions (q.g. narratives and ns 50%
interactions in a system involving people and technologyo

Tab. 10. Overview of general agreement and group differences

terminology and interdisciplinarity (Kruskal-Wallis H test).

000

A

OO0l
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d) InterestinTEL core research areas

Main TEL core areas ar€SCI8, andformal learning, with over 90% of researchers

xT OEET C 11 EO ET CAIT AOHaK di thefrasgosdents GondiddrA OO0 OO/
OET OA AOAAO O1 AA DPAOO 1T &£/ OEAEO x1 OE AOAI
workplace learning ubiquitous and mobile learningand digital divide in society

with less than 10% involved in it a lot. Still, every core area represents more than

50% of researchers, who can identify with it at least to some point (see fig6)L

Fig. 16. Which of the following TEL reseah areas reflect your work®V2,N=123).

Social science researchers ammore involved in the field of informal learning, while
computer scientists do more in the field ofinteroperability. Kruskal-Wallis tests
were significant for those two areaH=8.52/11.87,p=.01/< .01

Even though KruskalWallis H tests for other areas were not significant, there are
more indications for differences. Comparing only SSB and CSB researchers, the
former are generally moreactive in core research areasA MannWhitney U test
between the two groups was significant for the fielddormal and informal learning

76 Computer supported colaborative learning (see C.4.2.1 for information on the core areas)
77 Scaling: 0=Not at all, 1=Very little, 2=Somewhat, 3=To a great exteAll Likert-scale labels can be
found in the study data (see appendix).



