Publisher: 1I1SI - International Institute for Socio-Informatics

ISSN 1861-4280

Guest Editors:

Gunnar Stevens

Editors:

Volkmar Pipek
Markus Rohde

international reports
socio-informatics

volume 7 issue 1
2010

Workshop Proceedings of 9th
International Conference on the
Design of Cooperative Systems




Table of contents

Analysing the quality of collaboration in task-oriented
computer-mediated interactions: introduction to the

WOTIKShOp pProCceedingsS.......ovviiiiiiiiiie e 6

Francoise Détienne
Michael Baker
Jean-Marie Burkhardt

A descriptive model of collaboration to underpin a collaboration

Profiling MethodOlOgY ... ..uuuuiiiiiiiiiiiii e 15
Harshada Patel
Michael Pettitt

Scott Hansen
John Wilson

Study of correlations between logfile-based metrics of interaction

and the quality of synchronous collaboration..........cccccvvceiiiiiiiiinnnn. 24
Georgios Kahrimanis
Irene-Angelica Chounta
Nikolaos Avouris

Quantitative assessment of collaboration........c..c.ocvieiiiiiiii . 32
Stéphanie Buisine

Quality of collaboration in a distant collaborative architectural

educational SEHING. .....oviiiiii e 40
Stéphane Safin
Aurélie Verschuere
Jean-Marie Burkhardt
Francoise Détienne
Anne-Marie Hébert

0Sl owdé Coll aboration: Some uses of

delay in design collaborations ..........cccccciii 49
Janet McDonnell

Close collaboration, dialogical thinking and affective regulation ........... 57

Michael Baker

Collaboration as constructive interaction and the jigsaw method

AS IS BNNANCET .o 65
Hajime Shirouzu

Understanding collaboration in team design, task-oriented

INEEIACTIONS oot e e et e ettt e e e e st e e e e et e e eenaans 70
Chrysi Rapanta

Virtual learning communities and groups dynamics in the

overcoming Of ODSTACIES.....coo i 78
Christophe Gentil
Marie-Laure Betbeder

Jacques Beziat
Eric Bruillard



Assessing Writing and Collaboration in Learning: Methodological

L3 USSP 86
Philippe Dessus
Stefan Trausan-Matu
Sonia Mandin
Traian Rebedea
Virginie Zampa
Mihai Dascalu
Emmanuelle Villiot-Leclercq
Assessing the quality of collaborative activity in open, online,

calculus Nelp fOrUMS ... 95
van de Sande, C.

Task-oriented collaboration: not just what is inside the task, but

what the task is iNside Of ..., 104
Charles Crook
Report on disCUSSIioN group L....oooooiiiiiiiiii et e e eeeees 110

Stéphane Safin
Jean-Marie Burkhardt
Stéphanie Buisine
Giorgos Kahrimanis
Francois Charoy
Report on discussion group 2 (fAcoll

(o G o U N o TR N IR T TP TUPPPPPPPPPR 115
Michael Baker
Janet McDonnell
Chrysi Rapanta
Hajime Shirouzu
Report on diSCUSSION groUP 3 .. oot e e e e eeanes 119
Charles Crook
Francoise Détienne
Philippe Dessus
Christophe Gentil
Carla van de Sande

Mobile Collaboration Systems: challenges for design,

work practice, infrastructure and business...................... 121

Maria Danninger
Wolfgang Grather
Tobias Heer

Supporting Mobile Maintenance in Construction Industry..................... 123
Anne-Kathrin Braun

Considering the Design of Mobile Applications for City-wide

L AITIING ettt 134
Chiara Rossitto
llaria Canova Calori

Mamdouh Eljueidi
Monica Divitini

Separating Friends from SPItters ... 141
Samu Varjonen

A Proposal for QoE in Cooperative Wireless Local Networks ............... 151
Monica A. Lora Girén

A Mobile Collaborative Decision Support Architecture ..........ccccc........... 162

H. Michael Chung



The Mediation Role of Shared Representations in

Cooperative Activities: A Workshop Report..................... 170

Jean-Francois Boujut
Stefania Castellani
David Martin
Frédéric Roulland
Jutta Willamowski

Shared Representations for Innovation: Experience Feedback on

Two Innovation-oriented ProjectS .....ccoooeiiiiiiiiiiii e
Florie Bugeaud
Alain Giboin,
Eddie Soulier

Adversarial Collaboration through Shared Representations .................
Pé&r-Ola Zander
Ellen Christiansen

Mediating helpers for remote service ProviSion .........cccccvvvvvieiiieeenneennnns
Stefania Castellani
Frederic Roulland
Jutta Willamowski
David Martin

Mediation Role of Boundary Objects in Articulating

Common INTOrmMation SPACES.......uuuuuuuriiiiiiiiiiiiriiieieiiriieineereeernreeeereeeeaeaaee
Nallini Selvaraj, Bob Fields

i Medi aotbijregct s06 i n new industrial cot¢

empirical iN SItU STUAY. ..ouuuiiii e
Catherine Elsen
Pierre Leclercq
Shared representations: dyadic and triadic perspectives in work
AN TFAINING (et e e e e e e e e e e e
Erica de Vries
Cédric Masclet
Future Ideation: creating ideas despite diStanCe...........ccccuevvvvvvviniinnnnnns
Asa Ericson
Peter Torlind
Mattias Bergstrom
Supporting document augmentation to leverage representations
IN KNOWIEAQGE WOTK ...t e et s e e e e e aannes
Federico Cabitza
Carla Simone
Building boundaries on Boundary Objects: A Field study of a
Ubicomp tool in a Design Studio.........cceeiiiiiiiiiiiiiicei e
Dhaval Vyas
Anton Nijholt
Distributed and context-focused discussion on augmented
documents and ODJECTS ... oo i
Paolo Bottoni
Kamen Kanev
Nikolay Mirenkov
Representations of a project process as a means for reflection ...........
Birgit R. Krogstie



Incentives and Motivation for Web-Based

Collaboration (Webcentives)......cccooooviiiiiiiiiciiin e, 321
Elena Simperl
Roberta Cuel
Markus Rohde

Social Objects and their Role in Building a Community.................co..... 322
Gabriela Avram

Motivating Online Publication of Scholarly Research Through

Social Networking TOOIS ... e 329
Vincent S. Smith
Daphne Duin
David Self
Irina Brake
Dave Roberts

User-Centered Design Goals for Motivating Participation in

Socially Embedded Software TOOIS .....ccoovieeeiiiiee 340
Torben Wiedenhoefer
Fahri Yetim
Markus Rohde

The o6internati orAanlf orrempadritcss 6o mrseocaino onl i ne report
Socio-Informatics, Bonn, Germany. They aim to contribute to current research discourses in the fields of

6 Hu m@omputer-l nt er acti ond and 6Computers and Soicnkeoymdmat
appear at least two times per year and are exclusively published on the website of the IISI.

Impressum

[1SI - International Institute for Socio-Informatics fon: +49 228 6910-43
Stiftsgasse 25 fax:  +49 228 6910-53
53111 Bonn mail: iisi@iisi.de
Germany web:  http://www.iisi.de



mailto:iisi@iisi.de
http://www.iisi.de/

Analysing the guality of collaboration Iin
taskoriented computemedided
Interactions: introduction to the
workshopproceedings
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francoise.detienne @teleceparistech.fr

Michael Baker
LTCI UMR 5146 CNRS Telecom ParisTech, Paris, France
michael.baker@telecoparistech.fr

JeanMarie Burkhardt
University Paris DescartesATI EA4469, France
jean-marie.burkhardt@parisdescartes.fr

1 Introduction

These proceedings are composed of extended versions of papers and discussion
reports from a workshop on AAnal-ysing th
oriented computemediated intact i onso whi ch took place o
2010, in the framework of the COOP 2010 conference. With the growing

importance of technology mediation for group work and learning, developing

methods for assessing the quality of collaboration is centraséareh carried out

within both Computer Supported Cooperative Work (CSCW) and Computer

Supported Collaborative Learning (CSCL). This workshop aimed to bring together
researchers from these two fields, working in cognitive, social and computational
scienceson understanding collaborative activities. The workshop was co
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organised by Francoise Détienne, Michael Baker,-0&ge Burkhardt and Hans
Spada (University of Freiburg).

2 Motivation

The aim of the workshop was to study theories, models and analysisqiees

that enable us to understand the quality of collaborative activity iroteeshted

computerme di at ed i nteractions. I n t his cont e

understood in descriptive terms (identifying and discriminating the intrinsic

propertiesof collaboration) and/or in a normative sense (identifying what makes

6good6é or | ess g o o cuigeoneri Thesevisiarns ofguality c on s i de

can be complementary; and exploring this would require elaborating deep models

of the processes of ltaboration, articulated with assessment of the degree of

achievement of collaboration goals in specific situations, and understanding of

productive and creative potentialities of dialogue. Research originating across a

broad variety of disciplines in s@tj cognitive and computational sciences can

contribute to these theoretical and methodological aims, within a perspective of

making constructive interventions in concrete collaborative work situations.

Application domains range from various workplace aitns (companies,

hospital s, training institutes, school s,

learning, decisiooma ki n g, e) . Met hodol ogi c a-l approa

guantitative interaction and growpork analysis, tracéog analysis, intefiews,

computational modelling, participant observation, workplace studies of

technol ogi cal medi ation and transfer, usat
Across theseariousfields there are several reasons why the study of quality of

collaboration is important:

1 Establisling correlations between quality of collaboration and its outcomes
(quality of solution, learning effects, quality of products, adequacy with
respect to design constraints, creatiVvi

1 Establishing correlations between charastes of tools that mediate
collective action and quality of collaboration;

1 Devising methods for training groups, in the workplace, in educational
institutions, for more effectively collaborating;

1 Enabling participants in group work and learning to bexosflexively
aware of the nature and quality of their participation and collaboration.

Aspects of this kind (the list is n@xhaustive) contribute more generally to the
elaboration of theories and models of collaboration as well as to devising methods
for evaluating computesupported cooperative/collaborative work and learning.



3 Collaboration processes in problem solving
oriented activities

Research focused on the analysis of collaborative activities inotasked
situatiors (e.g, collaborative desig, see for example, Olson, Olson, Carter &
Storrosten, 1992; Stempfle & Badlehaub, 2002; Burkhardt, Détienne,
MoutsinguaMpaga, Perron, Leclercq & Safin, 2008; Détienne, Burkhardt, Hébert
& Perron, 2008 has highlighted collaborative processes alongfediht
dimensions. They can be classified according to their orientation toward -design
task processes, group processes or communication processes.

Firstly, collaboration concerns the activities related to the evolution of tasks,
e.g. design activities (ddaration, enhancements of solutions and of alternative
solutions) and evaluation activities, supported by argumentation and negotiation
mechanisms. These contantented activities reveal how the group resolves the
task at hand by sharing and-elaboratng knowledge concerning the task
resolution, by confronting participants©o
towards negotiated solutions.

Secondly, collaboration concerns group management activities such as project
management and coordination sities, e.g., allocation and planning of tasks; and
meeting management activities, e.g., ordering, postponing of topics in the
meeting. These processiented mechanisms ensure the management of tasks
interdependencies, which is highly important in a tigltbupled task such as
design.

Thirdly, communication processes are highly important to ensure the
construction of a common refen by the group of collaborators. The
establishment of common ground is a collaborative proessk & Brennan,

1991) by which the participants mutually establish what they know so that task

oriented activities can proceed. Grounding is linked to sharing of information

through the representation of the environment and the artefact, theudjsdod

t he S U p p-exsteg Bpbaeed knowl edge. This acti
comprehension and construction of shared or compatible representations of the

current state of the problem, solutions, plans, design rules and more general design
knowledge.

Finally, recent research on cdilaration processedaker, Détienne, Lund &
Séjourné, 2003Barcellini, Détienne, Burkhardt & SacRQ08) considers the roles
of participants according to communication, group management and task
management and the balance between these roles as an mn@spact in
collaboration.



4 Analysis of collaboration and groupware
evaluation in CSCW

Although most authors in CSCW generally agree upon the importance of these
various aspects of collaboration (even if research works may have specific
focuses), the nain of quality of collaboration remains most often quite implicit.
Regarding user studies, there are many methods that rely on different data
collection and analysis techniques: they can be based on computers logs,
interactions between participants (codimgethods or ethnmethodological
methods), or interviews. The indicators used to analyse collaboration processes are
often focused on quantifying fingrained interactions. An example, as given in a

recent review by Hornbaek (2006), they concern the measfire i c o mmuni cat i o

efforto: number of speakersbo turns;
interruptions, amount of grounding questions. However this does not give an
indication of how well the group collaborated. Furthermore,-based methods

to assess tlaboration concentrate only on one or two dimensions leaving aside a
more global view of collaboration: for example, verbal and gestural
communication to assess the grounding processes. The balance/symmetry of
individual contributions are rarely considdre although they reflect
complementary aspects of collaboration assessment. -Bthtiwdological
methods are often most sensitive to approach quality of collaboration on the basis
of qualitative analyses.

Regarding groupware evaluation methods, their foeusains clearly on task
modelling (e.g., Tromp, Steed & Wilso003, i.e. eliciting goals and actions
required for users to interact together and not on the collaboration processes and
their qualityper se Some usability inspection methods (eRjnele, Gutwin &
Greerberg,2003)consider a large spectrum of collaboration aspects.

As one important issue in CSCW is to understand to which extent technology
mediation affects or supports collaboration processes, we proposenth&ey
question is to undstand what differentiassgood from poor collaboration. It is an
important step to understand on one side the relationship between collaboration
quality and group performance or efficiency and on the other side the effects of
technology affordances on geboth aspects.

In the related field of CSCl_the analysis of the process of collaboration is also
a central topic of research atie notion of quality of collaboration has become an
important issue.

This field has its own journal, thénternational Journal of ComputeBupported Collaborative
Learning (http://ijcscl.org) and biennial international conferendgtp://www.isls.org/cscl.htm| e.g.
http://www.isls.org/CSCL2009/welcome.hfmboth organized under the aegis of the International
Society for the Learning Sciencégtp://www.isls.org/about.html

numil
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5 Collaboration processes in learning oriented
activities and the notion of quality of
collaboration

Research on collaborative learning emerged as a field from the 1980s onwards,
from two related research trends. Firstl
cognitive psychology and informatiggrocessing maels of individual reasoning,
problemsolving and learning, began to turn their attention to learning in groups,
largely motivated by the possibility and necessity of understanding how students
worked together with and around computers (see, e.g. the sintire
Dill enbour g, Baker, Bl aye & O6Mall ey, 1909
attempt to extend Piagetdos theories of de:
individual, to learning in social interaction. This gave rise to the theory of-socio
cogniive conflict (Doise & Mugny, 1984). Across these approaches, the 1990s
saw the recognition that in order to understand the conditions for efficient
coll aborative | earning, beyond relations
features of the task, ivas necessary to analyse the nature of the interactions
between students, to identify productive or constructive forms of interaction that
could explain learning effects. The phenomena identified and analysed included
selfandother explanation, groundirtgat went beyond what was strictly required
for mutual understanding, forms of mutual regulation, and various types of
constructive resolutions of argumentative interactions. More generally, a
consensus has emerged in this field on the nature of colledvoest a continued
and synchronous attempt to construct and maintain a shared representation of the
problem to be solved (Teasley & Roschelle, 1993; Baker, 1995; Dillenbourg,
1999).
I n other ter ms, col | ab ocroaa p eornactialdp nsoe,e np a s
only occurring in isolated phases of group work, during which students go beyond
aligning and concatenating individual solutions, to genuinehcartstructing
them, on the basis of a shared understanding of what the problem is. The
analytical probém is to identify when such collaboration occurs, and it appears

t hat it can take several di fferent f or ms,
(Baker, 1994; Baker, 2002). In this context, the quality of collaboration can be

seen as relatingtotheexnt t hat, and the way that, stu
and el aborate their partnerso6 contributi
thinking 6in paralleld. The space of coll

also be circumscribed by ideinty i ng t he reasons why fAsmart
2003), basically, because whilst highality solutions may be proposed within
some groups, they are often not collectively recognised, taken up and elaborated.
In sum, collaborative learning research hgravitated towards trying to
understand the nature of collaboration, its different manifestations and quality,
with the specific goal of relating it to learning outcomes. There have been calls
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(Crook, 1994) of growing insistence and recognition for extendhis almost
exclusive focus on measures of the size of the learning effect, towards considering
collaboration in learning as a specific seoétational experiencethat may be

more or less personally rewarding.

Finally, i f we k n o weollaboration fordepmingdate, itand 0 b a
might be possible to instruct students in how to collaborate, and thus validate the
model of collaboration. Thus Mercer (1994) has demonstrated precisely this, with
respect to a set of 09 ersation,dvhichuwhempud of col
into use by students, lead to superior learning effects than without such
instruction.

A central issue in CSCL is also how to design communication interfaces and
shared |l earning task spacewsnihWwadthatb st r uct u
are designed to be optimal for learning (see e.g. Fischer et al., 2007, for a
collection of works on this theme). Collaboration can be structured in several
ways, for example by constraining the set of available speech acts (Baker & Lund,

1997), by imposing a strict task sequence, by providing specific semiotic means of
expression, such as argumentation dialogue diagrams (see Andriessen, Baker &

Sut her s, 2003) . There has recent-ly been
scri pti ngdg 2002D orlrather asktojustrhow much collaboration can and

should be scripted, so as to favour optimal forms of collaboration yet without
preventing the essential creativity of dialogue.

Evaluating the quality of collaboration is another central is3iee Spada
rating scheme (Spada, Meier, Rummel & Hauser, 2005) is certainly the most
representative of recent effort made to evaluate collaboration and its quality. It has
been developed to compare and assess collaboration in collaborative learning
tasks, vith respect to various learning methods or technical support. A recent
review of the literature(Voyiatzaki, Meier, Kahrimanis, Rummel, Spada &

Avouris, 2008 provides theoretical arguments to consider five aspects
(communication, joint information procesg, coordination, reciprocal
interaction, individual task orientation) as central for successful collaboration
under the conditions of videmediated communication and complementary
expertise.

6 Organisation of the proceedings

The oneday workshopwas organsed irto paper sessions in the morning, and
discussion groups in the afternoon, followed by verbal reporll attendees and
the writing of discussion reporter the proceedingsThe extended version of the
papers in these proceedings are organiseding the three themes of the
workshop sessions. Tée are followed by reports of discussion groups which
debated on the workshop themes.

11



Theme 1: From qualitative to quantitative dimensions of collaboration

1. A descriptive model of collaboration to underpa collaboration profiling
methodologyHarshada Patel, Michael Pettitt, Scott Hansen, John Wilson

2. Study of correlations between logfile based metrics of interaction and the
quality of synchronous collaboratioGeorgios Kahrimanis, Ireréngelica
Chounta Nikolaos Avouris

3. Quantitative assessment of collaboratiBtéphanie Buisine

4. Quality of collaboration in a distant collaborative architectural educational
setting.Stéphane Safin, Aurélie Verschuere, Jbrie Burkhardt, Francoise
Détienne, Anndarie Hébert

Theme 2: Collaborative processes in groups

5. 6Sl owd Coll aboration: Some uses of vague
collaborationsJanet McDonnell

6. Close collaboration, dialogical thinking and affective regulatibhichael
Baker

7. Collaboration asconstructive interaction and the jigsaw method as its
enhancerHajime Shirouzu

8. Understanding collaboration in team design tas&nted interactiongChrysi
Rapanta

Theme 3: Collaboration in flexible open communities

9. Virtual learning communities and graspdynamics in the overcoming of
obstacles Christophe Gentil, Marid.aure Betbeder, Jacques Beziat, Eric
Bruillard

10.Assessing Writing and Collaboration in Learning: Methodological Issues.
Philippe Dessus, Stefan Trauskftatu, Sonia Mandin, Traian Rebedea,
Virginie Zampa, Mihai Dascalu, Emmanuelle Villibéclercq

11.Assessing the quality of collaboration in open, online, calculus help forums.
Carla van de Sande

12. Taskoriented collaboration: not just what is inside the task, but what the task
is inside of Charles Crook

Discussion reports

13.Report on discussion group IStéphane Safin, JedWarie Burkhardt,
Stéphanie Buisine, Giorgos Kahrimanis, Frangois Charoy
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14.Report on discussion group Rlichael Baker, Janet McDonnell, Chrysi
Rapanta, Hajime Shirouzu

15.Report on dicussion group Xharles Crook, Francoise Détienne, Philippe
Dessus, Christophe Gentil, Carla van de Sande
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Abstract. We have developed an explanatory, descriptive model broad enough to reflect
the different elements of collaborative work which are part of commercial and public
organisations. Our model aims to establish a structured representation of the attributes
which influence and form part of collaborative work. It is predominantly based on the
existing literature on computer supported cooperative work, distributed cognition,
education, social and organisational psychology, management science, and collaboration
within healthcare teams; and is additionally supported by our experience of working with a
range of industrial organisations. We applied the model in a practical way to underpin the
concepts of a new methodology called CoScope, which was designed to assess the
collaboration capability of organisations. The methodology focuses on the extent to which
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the fundamental conditions for collaboration are created, sustained and standardised
across teams and organisations.

1 ldentifying the constituent factors of
collaboration

The work presented in thipaper was carried out within the context of the
CoSpaces projecta European Commission funded Integrated Project developing
innovative collaborative working solutions that are responsive to the needs of
designers and engineers in the aerospace, aut@aoid construction industries.

Human factors researchers were tasked with developing a descriptive model to
provide a simplified representation of the main factors which form and influence
collaborative work. Such a model could give teams a cleavieveof the areas
which impact on their collaboration and overall performance and provide a
framework for defining user requirements for collaborative technologies/working
structures and can subsequently inform change management strategies and
evaluation.

CoSpaces technology will support collaboration at different levels, from small
teams to larger project teams working across numerous international
organisations. Our understanding of what it means to collaborate must, therefore,
have the flexibility toembrace interpersonal relationships and the factors that
drive people to work together successfully, and also higher level organisational
aspects of the collaborative working environment.

Our first step towards a model of collaborative work involved catiniyia
transdisciplinary review of collaborative working, and of the factors or activities
which define it, and then structuring our findings in a way that became the basis
for a descriptive model of collaborative worRatel et al. 2009).The review
included literature from computer supported cooperative work, psychology,
management science, computer science, collaborative engineering, cognitive
ergonomics, healthcare and education.

The literature identified: existing models and frameworks which descri
collaboration and its processes (e.g. Gutwin and Greenberg, 2000; Harvey and
Koubek, 2000; Neale et al., 2004; Weiseth et al., 2006), team effectiveness/team
collaboration models (e.g. Campion et al., 1993; Hackman, 1987; McNeese et al.,
2000; Salas efal.,, 2005a;), and attributes of successful collaboration (e.g.
Mattessich and Monsey, 1992; Monif@verall, 2005; San MartiRodriguez et
al.,2005)

Models have focused on different influential factors, tasks and processes, and
on different levels of irraction. Of the few existing models proposed seeking to
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structure the factors influencing collaboration, there is a tendency towards
simplicity or to focus on only a small part of collaborative work.

This literature base was extended and tested agautsbmes from our
empirical work with industrial teams, and findings from workshops and expert
brainstorming sessions (Wilson et, @009a). V¢ analysed collaborative wodh
selected activities at CoSpaces user partner sites throughstseatured
interviews, carried out as part of scenario development during the user
requirements elicitation phase of the project (Wilson et al., 2009a). This helped us
to gain an understanding of how teams work collaboratively, the problems they
face, the critical suess factors and so on. These user scenarios provided
compelling examples of the factors highlighted in our literature review.

2 Representational form of the descriptive
model

The review highlighted factors which were consistently discussed in the
literatureas forming or influencing collaborative work. We isolated seven main
categories of factors involved in collaborative work: Individuals, Teams,
Interaction Processes, Tasks, Support, Context, and Overarching Factors (which
are relevant across two or mavethe previous factors, e.g. goals are associated
with individuals, teams, tasks and organisatjoBaised on feedback from focus
groups, we decided on a 6webd representati
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Figure 1. The CoSpaces modelollaborative work.
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The web illustrates the mutually dependent relationship between the main
factors of collaboration. Individuals and teams are central to the process of
collaboration, engaged imtra- and intergroup collaboration (Bratman, 1992;
McNeese et al, 2000; Schragel99Q Sundstrom, 1999; Unsworth and West,
2000; Warner et al., 2003 They are involved innteraction processegSteiner,

1972 Weisethet al, 2006) which are required in order to work together to
perform tasks (Harvey and Kouék, 2000; Warng et al, 2003) Providing
support is essential for ensuring that collaborative work is effecive efficient,

and that individuals and teams have access to the resources required to perform
their tasks, and meet their goals and needsckidan, 1990; McNeese and
Rentsch, 2001Weiseth et al, 2006) Context forms the final segment of the

web, usually dictating the individuals and teams, tasks, and support/drat is
needed/providedand thus will impact on the actual process of collaton itself
(Nealeet al, 2004 Unsworth and Wesg00Q Warner et al., 2003; Weisegh al,

2006). Subactors associated with these main factors are shown within the web,
and f actaveraschdwhtihcehn mbai n factors are shown

Metaphorically, the web clearly shows the close relationships between the main
factorsi breaking any of the links in the web would make it weaker oveiall.
should be noted that the distance of the factors from the centre of the web is not of
any signifiance Furthermore, there is no special relationship or connection
between factors which lie side by sidexn® each other.

3 Collaboration profiling tool

We applied the CoSpaces model and our empirical work with CoSpaces user
partners in a practical wag underpin the concepts of a new methodology called
CoScope, designed to assess the collaboration capability of organisations and
organisational readiness for collaborative technologies across multiple
dimensions. The CoScope methodology uses a collamorptofiing model

which utilises methods defined in the ISO/IEC TR 15504 standard. This standard
was extended to support additional processes and factors related to collaboration
which were derived from the CoSpaces model. The methodology is broaghenou

to accommodate the different collaboration styles found in commercial and public
entities.

A CoScope assessment involves three assessors carrying out a structured
interview whilst recording data simultaneously. The interview involves multiple
stakehol@rs (with different roles) working on the same project. Projects are
assessed on four life cycle processes: delivery (including collecting information on
information production, decision making, communication, coordination, learning
and error managementieam working (including roles, group processes, team
composition, common ground and shared awarenesspport (including
knowledge management, team building, training, networks of support and tools)
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and organisational processes (including trust, confligbals, incentives,
integration and management). Some metrics associated with the project being
assessed are also collected, for example, information about user satisfaction, user
participation, supplier responsiveness, project duration, annual spém, oe
investment etc.

The involvement of different stakeholders identifies contrasting perceptions
and differing understandings of the collaborative process, and can help to improve
communication and understanding of collaborative processes among team
members. This method is supported by the CoScope software tool which collects
the assessment data and produces collaboration capability profile graphs which are
based on all stakeholder viewpoints.

CoScope focuses on the extent to which the fundamenptaditons for
collaboration are created, sustained and standardised across teams and
organisations. For example, whether there are formalised procedures in place for
error management, or whether procedures vary between teams, or whether such a
process isnainly conducted ad hoc. Six process attributes are used in CoScope to
measure the capability of the four organisational life cycle processes, ranging from
whether certain processes or tasks are performed, to whether employees have the
skills to perform hese processes, and whether processes are performed
consistently across the organisation and at a high level of quality.

An example of one of the questions in CoSdope: O Ar e teams moti va
new communicati on tool s?0 THthtemens sos es s or L
indicators as probes during the intervién order to determine how well the
process is performed; so all the indicato
to use new toolsFor this question the indicators are:

1 Team members are awarkthe limitations of current communication

tools (if any)

1 New communication technologies are selected according to team needs

1 Benefits of new communication technologies are clearly articulated

1 Team members participate in the selection of new communication

technologies

1 The impact of introducing new communication technologies is assessed in

advance

1 Appropriate strategig®.g. phased introduction, staff training, change

management) are established for introducing new communication
technology

Figure 2 shows ra example of one of the CoScope output graphs from an
assessment carried out with an industrial project team. The graph shows the
different processes assessed using CoScope and the ratings associated with the
different attributes for each process. Dudirtotations of time (90 minutes were
available), this assessment focused on whether a pracpssformed, whether
resourcesreavailable to support the process/task, and whether the task is planned
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and if the plan is reviewed and managed). Notes waken during the
assessment to provide a record of some of the reasoning behind the ratings given
to each of the criteria listed above. A summary of these notes accompanies the
graphs produced by CoScope to provide a detailed assessment @frriet
situation to the project team. Overall, this project tésuperforming at the largely
achieved level for the majority ofeas covered in the interview.

Information Production'I
L. L=

Decision Making
Communication_I
Coordinalion_'
Learning_I

Error Managemem_I

KnowledgeTManaBge_rlz_em_, PA1.1: Performed
eam Building I .
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NetworksofSuppon_l I PA4.2: Planned
gg‘oelz.. and Tracked
Group Processes _
Individual/Cultural Differences j
Common Ground_I I I
Shared Awareness |
Trust_I Legend
Conflict — - Mot achisved
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Goals, .
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) T hY ) T hY R
> > > > > > >
N N w IS IS « o
-y Py - - N - N

Process Attributes

Figure 2. Process attribute ratings associated with different project lifecycle processes.

The CoScope output can highlight areas of strengths aa#inesses within a
project teamproviding a measure efhether organisations have in place the best
conditions for collaborative work it provides a profile of measures and attributes
that indicaé the maturity or sophistication of each of the most important
collaboration processes as defined in the CoSpaces mdtel assessment also
helps to identify achievable targets for improved collaboration related to specific
business needs and objectives)d identify the organisational and technical
changes that will be necessary to meet those targets. This tailored approach is
expected to result in greater success in the adoption of collaborative technologies
and to provide substantial benefits to oigations that invest in improving
collaboration.

Pilot studies have shown the CoScope methodology to be powerful in its
analytical capabilities and capable of being used as a first appraisal or for a
comprehensive and-depth organisational analysi$he pilot studies highlighted
areas which could be improved and thus the methodology is still under
development. The time available for the pilot studies wdmetween 9aL80
minutes. A more thorough assessment of an organisation could take between
three ad five days. Ideally, several assessments would be conducted with
different teams within an organisation, in order to generate a more comprehensive
and comparativeanalysis of collaborative work across the organisation. Each
team assessment would likeguire a full day. In spending this amount of time
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with a team, assessors would be ablentloy all the pcess #ributes in the
tool.

CoScope can based to reassess collaboratidiollowing the implementation
of changes and the output can be useddmpare differenteams within an
organisation.

4 Discussion

Collaborative work is inherently complex and the factors which constitute and
influence it are multiple and their importance and interactions between them vary
depending on theituation Findings from an extensive literature review and
empirical work with industrial companies have fed into the development of a
descriptive model of collaborative work. This model is broad enough to reflect
the different elements of collaborative work which aret prcommercial and
public organisations.Such a model provides teams with a clear overview of the
areas which impact on their collaboration and overall performance and provides a
framework for defining user requirements for collaborative technologies, ne
collaborative working structures and support mechanisms (e.g. training) and can
subsequently inform change management strategies and evaluation.

The CoSpaces model ebllaborative work underpinned the concepts of the
CoScope methodology which was dgmd to effectively assess the collaboration
capability of industrial project teams across a range of dimensions, with the
overall aim of providing guidance on areas which could be improved in order to
enhance collaborative work. CoScope involves condgcsimall group semi
structured interviews with project team members who perform different roles.
Such a tool could eventually support benchmarking to assess projects against each
other or against themselves over time, and possibly even compare companies i
the same sector against each other.

The CoSpaces model of collaborative work has been broadly accepted by the
CoSpaces industrial and research partners, and by a wider industry and academic
audience through training workshops that we have run at keyeremcks
associated with the collaborative engineering,T IGnd human factors
communities. In addition, initial pilot studies using the CoScope methodology
verified its usefulness at assessing the conditions for collaborative work, and the
industrial parters involved were very positive about its practical benefits.
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Abstract. This paper presents a study that investigates correlations between various
metrics of interaction based on interaction events automatically recorded by an online
collaboration tool, and collaboration quality as it is assessed by human agents according
to a rating scheme. The study concerns a large dataset of synchronous problem-solving
technology-enhanced collaborative learning activities.

1 Introduction

Research on technologgnhanced collaborative learning has focused on analyzing
and assessing compurpported collaborative activities with the aid of various
analysis and evaluation dts. Collaboration support systems allow automatic
|l oggings of usersod6 actions that are
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can then provide the basis for the calculation of automated metrics of interaction.
In technologyenhanced collaboratvlearning,the state of evolving knowledge
must be continuously displayed by collaborating participants with each other
(Stahl, 2002) Therefore,what one participant communicates with others is
accessible to researchettsrough logfile entries providing thus an objective
source for analysis (Dillenbousg al., 19%). Such data can then be subjected to
automated statistical elaborations which, in the form of suitably implemented
metrics, may be useful for indicating important aspects of collaboratedityqu

There is, however, limited evidence that automatic metrics of interaction
reported in the literature are capable of indicating collaboration quality (e.qg.
Avouris et al., 2004). There either is no rigorous examination of their indicatory
value, orthey are compared to indirect indications of collaboration quality such as
the quality of the outcome of a collaborative procésditomo, & Reimann,
2007)

This study presents an extensive set of metrics of interaction that were designed
and implementedh order to be statistically tested for their suitability to indicate
core aspects of collaboration quality. Each metric was kept rather simple, so that
potential results would be easily interpretable and additional, more sophisticated
metrics would be deloped in the future, informed by current findings.
Correlational statistical tests were then carried out comparing scores that the
metrics took in a large dataset with collaboration quality ratings applied following
a different methodological approagkahrimanis et al 2009)

2 Automatic metrics of interaction

Metrics designed and developed in the frame of this study were informed by an
existent metric set implemented by the Synergo tool, which provides a chat and a
shared workspace supportingllaboraive modelling activities(Avouris et al.,
2004). Like most collaboration support tools, Synergo keeps logs of events of
userso6 interaction with theObjecdariented n a | og ¢
Collaboration Analysis Framework (OCAF) (Avouesal., 2003). According to
OCAF, collaborative activity can be described in a fdunensional spacehe
four axes of which ard¢ime, actor, objectand typology. Time refers to the
tempor al mo me nt of t he acdais the colaboatian o f a us
participant who generated an actioijectrefers to an objeatreated throughout
the process$e.g an item in the shared workspace or a chat messagéypaitafy
contains a characterisation of an event according to some predefined
categorisationln that manner, all Synergo logfile records follow a format based
on these core dimensions, and metrics of interaction are calculated taking
advantage of the structure of data gathered.

For the purposes of this study, the existent set of metrics ahdtiten of
Synergo waseshapedand significantly augmented. &ur categories of events
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were definedbased on the kind of object that an event relate€hat messages

(C), Main actions in theéWorkspace(MW) (including only these actions in the
workspace hHat lead to significant changien the developed modelverall
actions in theWorkspace(OW) (including actions in the workspace of secondary
importance as well, such as the movement or resizing of existent objects), and
overall EVents(EV) (including al categories of events capture@eneric types of
metrics were then defined that involve calculations of the data logged, taking
advantage of other information of log annotations, such as the typology of actions,
temporal aspects, and interchanges ofatirs of events. Eight such types of
metrics were then developed, each one of them applied for each category of events
mentioned aboveiumber of [], rate of [], symmetry of [], alternations in [], rate

of alternations in [], mean response time in [], madresponse time in [Jand
number of [] gaps peK (parametric) second@vith the square brackets standing

for any category of events). 4 additional metrics that could not be covered by the
above typology were also added so that the final set used teohsfs36 metrics.

The whole metric set is illustrated in Figure 1.

JLIXUH 7KH DXJPHQWHG VHW RI 6\QHUJRTYVY DXWRPDWHG PHWULFV

3 Collaborative setting

The objectives of this study implicated that the newly developed metrics should be
tested empirically in a largescale, realvorld scenario. Therefore, extended

collaborative activities were designed and put on, in order to provide a rich data
source for statistical analysis of the values that metrics take in common,
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