
��������		�
���������
���������
�����	�����������������������
����������

��
�������������
�������
������
Gregor HEINRICH1, Tobias KEIM2, Christoph JUNG1, Urs KRAFZIG1, Stefan NOLL1  

1��������	�
���
�
�

��
���������	
��
	��	����	�
����

��������	��
��
��
�����
�����
��
�
�	���� 


!	"#
$�%
�&�&
&��
�'%�
��(#
$�%
�&�&
&��
��%�


)���"#
*�	�������+���,����-������""./���������	


20���	�
��	�
���1�
!�������"��	
�&�
�'���
����+���
23��
�	���� 

!	"#
$�%
�%
�������4�
��(#
$�%
�%
�������'�


)���"#
+	��/����	�
��	���	


��������� In recent years, modern forms of collaboration such as virtual project 
teams gain importance. But how do individuals identify and select their collaboration 
partners possessing the required sets of hard and soft skills? - While internet-based 
applications model individuals’ resumes or contact networks, to date no application 
exist that merge both worlds: human and social capital. Therefore, in this paper we 
present a software toolkit complementing expertise attributes by a set of historic and 
swift trust attributes. We then argue that merging these attribute sets will only be an 
intermediary step towards IS supported smart collaboration networks. We outline a 
decentralized architecture in which relational recommender systems allow for the 
prediction of trusted collaboration partnership thus assisting individuals in 
identifying the most suited collaboration partners from within or outside their 
personal contact network.  
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The Internet has transformed both, the ways people find work as well as the ways they 
effectively collaborate. The processes of searching for and applying for jobs are 
increasingly digitalized [12] [13] and the same is true once the partnership is established. 
As IS supported collaboration across space, time and organizational boundaries gains 
importance the number of people engaged in temporary virtual project teams augments [24] 
[15]. Thus, individuals are more often brought together with new projects, individuals and 
tasks within their work history than in times of lifetime employment. But what can 
information systems contribute beyond the partner identification phase to the partner 
selection stage? How can we build decision support for team design? How can we model 
and represent personal and interpersonal attributes in order to enhance team configuration? 
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Finding answers to the above questions is a challenging task as various research strands 
such as work psychology, sociology and others have been dealing with how to design teams 
for work contexts. In the following, we briefly summarize some considerations on team 
configuration. We then present a concrete implementation to support such scenarios: the 
Online Partnership Lens (Opal).  
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Team building has been considered by a variety of disciplines. Sociology driven approaches 
showed that successful team configuration needs to consider task-related as well as social 
aspects or attributes [8]. Work psychology regarded the same problem under the terms of 
person-job fit, person-vocation fit and person-organization fit [22]. It has been pointed out 
that when working together in teams the interdependencies between subtasks do necessitate 
high levels of interaction between team members. Thus, team work requires high levels of 
trust between the collaboration partners [10]. Misztal therefore characterized trust as 
“sustaining a smooth-running of co-operative relations” [17].  

While current applications on the Internet focus on the representation of task-related 
attributes such as peoples’ competencies and certificates, social factors or interpersonal 
attributes are often neglected. This is astonishing as researchers pointed out that with the 
ruptures of time, space, location, organizational and cultural membership emerging in 
modern forms of collaboration such as virtual teams [24] social aspects such as trust are of 
even higher importance. Also, interpersonal relations not only complement formal or 
organizational relationships within the collaboration phase as described in [7]. They also 
help already in the partner identification stages. For example, Granovetter showed that 
labour market processes like recruitment and selection are deeply rooted in social relations 
[5]. Also, informal relations have been identified as reducing attraction costs [21] and 
screening costs when seeking for candidates [14]. Even more importantly, information 
gained through informal networks has been characterized as highly reliable, thus leading to 
fewer frictions once the candidate is hired [23] [18]. However, while the advantage of 
informal relations is that they transmit “thick information” [3], it is obvious that they are 
limited to a small number of trusted contacts [2]. Therefore, additional trust models are 
needed that are not only based on historic shared experience, but for example are based on 
swift or situational trust cues. We conclude that in order to successfully model team 
configuration processes, we need to consider two dimensions. Individuals need to be 
brought together (1) with tasks for which they posses the competencies to carry them out 
and (2) with other individuals with whom they are able to collaborate successfully. Within 
the latter dimension, different trust constructs play a major role.  

����!�	
9�"��	
7��
�	�����
:	��


With the objective of enhancing the configuration phase of virtual teams, we designed a 
framework for partnership building. The system, the Online Partnership Lens (Opal), is 
based on the assumption that it ��
possible to measure, represent and thus establish trust 
online. Thus, the system is grounded in research such as undertaken by [1] and [20]. As 
trust is an important element of any social relation and in consequence also of (virtual) 
working relationships, the implementation aims to enhance virtual collaboration by 
establishing trust online. The Opal architecture is conceptualised around three concepts:  
• :� 	�� cover the main dimensions of partnership building.  
• 7����"	� form the integral component of personal and interpersonal attributes that 

belong to one individual.  
• ��"
	�� are modules that implement the evaluation of candidates according to a specific 

trust criterion.  
The layer structure is directed towards extending current competency-focused systems by 
relational attributes that can be identified between actors. While human capital attributes 
contained in many state-of-the-art systems and CV-databases are modelled in the 
Competency layer, we provide additional Confidence and Compatibility layers for this 
relational knowledge (see also Figure 1):  



• The Competence layer represents the structural side of partner matching. It describes 
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�+�""� of an actor such as “6 is an expert in topic !.”, which can be 
modelled either as a “unary” statement within the profile, e.g., “6 is expert in topic !”, 
or through referral, e.g. “8 rates 6 an expert in topic !.”. 

• The Confidence layer considers the relational side of partner matching from a situation-
independent perspective, modelling 
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������"	, e.g.
 “6 trusts <.”. 

• The Compatibility layer extends the previous layers by integrating the cognitive side of 
partner matching. It describes 
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�	����� such as “6 can work well with < in topic !.”.  
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For each of these layers, we implemented a number of filters that can be connected to 
different stages of the partnership creation process. These filters serve to refine the list of 
candidates by reducing its size and in parallel increasing the trust into the remaining 
candidates. The partnering process starts with the definition of profiles pre-requisite for 
system usage. These profiles contain the expertise information about a specific person and 
serve as a basis for refinement during later usage. For the later steps, it is necessary to 
distinguish expertise searchers and providers. The searchers will start a search process 
actively by defining their goals. Given these goals, the process enters the Competence layer 
where a search for candidates according to primarily competence-based criteria is possible. 
The obtained list of competent candidates can be filtered through Confidence and 
Compatibility criteria. For competence filtering, generally two different approaches to trust 
elicitation and modelling are used: historic and swift trust. Figure 2 shows examples of both 
trust filters.  

The main component to analyse historic or hindsight trust is by way of a network 
browsing and search interface. Figure 2 (left) shows the search for trusted candidates in a 
specific query about project management that are close to the searcher according to their 
social distance or radius within the social network.  

To extend the limitedness of historic trust relations as mentioned above or to verify their 
quality for a specific context or project in consideration, we implemented a second trust 
mechanism: the swift or insight trust module. This module provides an online interaction 



mechanism in order to support the pre-structured assessment of candidates who are not yet 
members of a user’s direct or indirect personal network or who are known to him but not 
within the right context. 

After finishing the Confidence layer, the Compatibility layer is entered, that structurally 
resembles the Confidence layer because the compatibility criteria can be filtered again via 
the graphical browsing tool and the structured interview video tool. However, whereas the 
Confidence layer measures and establishes interpersonal trust trying to generalise on the 
situation, the Compatibility layer focuses on the mutual understanding of the particular task 
at hand. The finalisation of the Compatibility layer results in a list of candidates that actual 
collaboration can be started with. Here, predictions need to prove their correctness, which is 
assessed in the last step. Like the other assessment filters, the result of the evaluations can 
be uploaded to the system and serve as an additional criterion during search. Thus, we 
obtain a structure of dynamic, composite expertise and trust profiles within our database.   
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Based on the above considerations, we integrated historic and swift trust relations into a 
single multidimensional network of weighted relations. The network serves as the basis for 
accessing the trust structure of the community in consideration thus resulting in an 
“ontology of trust”. Besides the trust attributes in our ontology, the main class types are the 
individuals between whom trust is to be represented, which are generalized in a class Actor. 
Also, a number of “auxiliary” classes are required, e.g., to model contextual information 
necessary to describe side-conditions under which trust was established (e.g., the role, the 
quantity, the location, measurable entities, like time or assessment values). We chose the 
means of information visualization as our approach of accessing the information in the trust 
ontology, resulting in the trust browsing functionality as seen above in Figure 2 (left). 

In order to validate the approach chosen, a two-day validation workshop was carried out 
with a group of twenty students. The workshop showed that the swift and the historic trust 
modules were perceived as highly complementary. Respondents appreciated to be provided 
with a support for online interactions by means of the structured questions forms. They 
considered the questions suggested as relevant for partnering and teaming scenarios. The 
tool was perceived as useful in situations where partnering time was short. Also, it was 
stated that the approach added new information to the partnership configuration process 
through the online interactions. “Seeing and interacting” was perceived as a clear benefit in 
trust production in online team building. The browser visualization was rated as highly 
intuitive. One participant said he “did not know in advance he had so many friends he 
trusted”. Thus, the Opal concept clearly possesses a value in virtual partnership building 
and therefore it is worth to further pursue and build on this experience.       
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Building on the Opal system prototype and the research on trust ontologies, our network 
browsing approach and interactive assessments, this section investigates how social 
network analysis, computer graphics and machine learning techniques can extend the 
current results to provide more automatic recommendations. Further, we develop the idea of 
a peer-to-peer infrastructure for partnership recommendation to leverage a number of 
advantages of such an architecture, ranging from scalability over privacy to regionalisation 
issues. We dubbed this approach the Predictive Peer Partnership Lens (P3Lens). 
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In our above consideration on the Online Partnership Lens, we presented a system that can 
be understood as a �	�����
��	 approach to partnership matching. The system describes 
what is in the database and provides filtering and comparison methods but otherwise 
maintains a low degree of automation. Predictions are made solely by the user, based on his 
intuitive judgement on a specific setting of interpersonal and personal attributes, which 
itself is based on an appropriate presentation by the system. Although the idea behind this 
way of human-computer interaction is compelling – leaving the decision task to human 
intuitive capabilities but providing all necessary prerequisites – in many usage scenarios it 
is desirable to stronger support the user in his decision, in the best case by a prediction on 
how he would judge a situation or candidate as well as by a transparent representation of 
that estimated judgement. We call this more autonomous modus operandi the ��	���
��	

approach
to partnership matching, noting that the two mentioned approaches are points on a 
continuum of automation degree. An overview of the difference between descriptive and 
predictive matching is illustrated in Figure 3. Matching itself is performed on the basis of 
the predicted relations, i.e., given known successful situations (and their expression in terms 
of a relational structure between individuals), new situations with predicted relations can be 
predicted in terms of success.  
 As a basis for the predictive approach, we postulate two work hypotheses: The first 
hypothesis is that the unary (i.e., propositional) and relational attribute structure latently 
captures personal qualities that generate degrees of trust, possibly conditioned on specific 
situations and roles. For instance, looking at a known relational confidence attribute with a 
source 6 and a target < (e.g., 6 assesses <), it is predicted that similar relations (with 
respect to type and weight) can be measured for sources similar to 6 and targets similar to 
<.  E.g., if 6 assesses < positively, 8 similar to 6 is predicted to assess 8 similar to < 
positively, as well.  
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The second hypothesis of the approach is that some dimensions of trust are transmissible 
through a referral network. This means, for example, that looking at such a higher-order 
trust relation, 6 trusts < and < trusts 8, again possibly conditioned on a situation or role, 
trust from 6 to 8 can be predicted. This is the conceptual basis of referral systems, such as 
ReferralWeb [11] [26]. The question is what trust dimensions do exhibit this transitive 
behaviour to which degree.  
 In particular, the first hypothesis can be mapped to the emergent scientific area of 
statistical relational learning (SRL), in which solutions are sought where graph properties 
are learned from data, and the local graph topology surrounding newly observed nodes are 
predicted. The second hypothesis is related to the Friend-of-a-Friend principle, which is the 
basis for transitive trust relations and is, in fact, used in the existing Opal system already. 
This latter hypothesis has a strong influence on the kind of relational learning algorithms 
employed in the system. In principle, the more influence comes from a more remote graph 
environment, the more complex the statistical models become.  
 Several relational learning approaches to solve the search problem can be considered, 
and we note the work of Jensen, Neville and Wolfe [19] [25] [9] and of Heckerman, Meek 
and Koller [6], as a basis for a generic social network prediction algorithm. 
 Further, within the framework of latent concepts, we plan to connect actors with 
documents and extract concepts of actors also from the content assigned to them or 
authored by them. This extends the idea of explicit profile creation to implicit methods of 
profile creation thus allowing for bootstrapping a real system by connecting it to existing 
document bases. A scientific basis for work into this direction can be found in [16]. 
Merging both the content and the social network into a ‘smart’ collaboration network to us 
seems a promising idea when considering the many real-world knowledge management 
problems and applications. However, several challenges appear when modelling profiles for 
the predictive approach to partner matching. These are: 
• the modelling of complementarity and compatibility for team building scenarios. This 

includes incorporation of research on matching different personal traits with express 
expertise measures to optimise team staffing. 

• the capturing of “inter-rater trust”. Within this functionality, the bias of a rater will be 
used to remove bias from ratings and will also be incorporated as a specific rater 
characteristic. This has been partly solved in our existing Opal system via a matrix-
based assessment browser as presented in [4]. 

• the resolution of disreputative scenarios. The case where candidates are assessed badly 
must be resolved in a way that conserves overall integrity and privacy in the community 
but still allows marking negative experiences. This is an often-encountered scenario 
where most rating-based systems capitulate. 
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Besides the predictive approach to partnership formation, we further aim to create an 
extended infrastructure. While the current Opal system is based on a server-centric 
approach with the communication subsystem in a point-to-point topology, we envisage 
constructing a completely decentralised peer-to-peer infrastructure, which in principle could 
be extended to a grid approach. This architecture provides the following advantages: 

• local storage: secure data handling by physical separation. Scalable privacy features: 
localised vs. global storage. 

• scalability: algorithms become viable that per se scale worse than inverted indexes 
(semantic annotation, machine learning approaches). Also, context-sensitive load 
balancing is allowed by this means.  



• regional search: peering different latent indexes (“peered latent spaces”) with focus 
on thematic or regional domains for indexing and query dispatch should be enabled. 
This implies a peer-structure of localised concept-based methods like latent 
semantic analysis. 

By means of this architecture, the envisaged system is – to our knowledge – the first one to 
use such a localised structure in order to meet privacy requirements present in most 
scenarios. As part of our research, the questions of disclosure policies and processes as well 
as of query mapping to localised concept-based indexes will be explored as scientific 
contributions. Building on this architecture, the system provides context awareness along a 
couple of dimensions, which serve as dimensions to scale down search spaces on the 
Competence layer:  

• geographic context ("�	�����"���
���"), 
• thematic context ("
�����"���
���”) and  
• role context of the active user ("��"	���
���"). 
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A particular challenge of a system like the one envisioned in this section is to prepare the 
results in a visually simple interface that transports the wealth of information inherent in the 
data considered to the user. We imagine that an approach similar to the one taken in our 
realised system can be a very fruitful one.  
 The network visualisation could, in fact, be extended to a full-fledged graph-based 
search interface, where queries are constructed either in natural language and then 
interpreted and visualised as a graph, or graphs are used directly as a search interface, 
similar to a mind map where all aspects of a target profile are stated. 
 Especially we plan to include a “meta-query” mechanism, which can be imagined as a 
tool that recommends queries for a number of common situations a user might himself find 
in, by identifying important queries to ask for a given common task, which is especially 
useful for inexperienced users to optimally use the search features. 

��� ���
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In this article, we showed how trust-aware collaboration construction is possible with a 
methodology that combines “hard” with “soft” features or expertise-oriented attributes with 
a trust ontology. Our research evaluation showed that this tool goes in the right direction. 
Based on this experience, we aim to extend our research from the current “descriptive” 
approach that entirely leaves interpretations to the user to a “predictive” approach that will 
provide recommendations to the user about new social relations possessing a high 
likelihood of success. Thus, we aim to build a relational recommender that based on the 
nodes’ characteristics, e.g. the individual attributes, in the network as well as on the 
characteristics of the edges, e.g. the interpersonal, relational attributes, will predict new 
social relations that individuals should or could engage in. By this means, we hope to 
enhance partnership building for collaboration scenarios. The "bird's eye" view on the 
community of experts or network of companies represents another important pillar of this 
approach as it allows the identification of experts or knowledge hubs for a specific domain 
within these social or relational structures. This combination of human and social capital as 
well as of content and social networks to us is a challenging, but necessary step towards the 
knowledge economy.  



�

�� ����
���
[1] N. Bos, D. Gergle, J.S. Olson and G. M. Olson, “Being there versus seeing there: Trust via video”, Proceedings of the 
conference on human factors in computing systems, 1998, pp. 496 – 502.  
[2] R. Eisentrauth, M. Koch and K. Möslein, “Building Trust and Reputation in Communities and Virtual Enterprises“, 
����������	
��
�
�
������

�������	
����������
��
�����������
��	���	, 2001, pp. 1506 – 1509. 
[3] J. Glückler and T. Armbrüster, “Bridging Uncertainty in Management Consulting: The Mechanisms of Trust and 
Networked Reputation”, ������������
������	, Vol. 24 No. 2, SAGE Publications, 2003, pp. 269 – 297.  
[4] M. Graham and J. Kennedy, “Exploring and Examining Assessment Data via a Matrix Visualisation”, ����������	
��

�
�
���
����, pp. 158-162, Gallipoli, Lecce, Italy, May 25-28, 2004. ACM Press. 
[5] M. S. Granovetter, “Economic Action and Social Structure: the Problem of Embeddedness”, ��������
 �������
 ��

���������, Vol. 91, 1985, pp. 481 – 510. 
[6] D. Heckerman, C. Meek, D. Koller, “Probabilistic Models for Relational Data”, ���
�����
 �!��� MSR-TR-2004-30, 
Microsoft Research, March, 2004. 
[7] M. Herczeg, B. Janfeld, B. Kleinen, H. Kritzenberger, H. Paul, M. Wittstock, “Virtuelle Teams – Erkenntnisse über die 
Nutzung von Video Conferencing und Application Sharing bei der Unterstützung virtueller Teams”, paper available under 
http://www.iatge.de/aktuell/veroeff/ps/paul00a.pdf, 2000.  
[8] S.E. Jackson, “The consequences of diversity in multidisciplinary work teams”, West, M.A. (ed.), "���#��$
 ��

%��$����!
!	��
�����, John Wiley & Sons, Chichester, UK,  1996, pp. 53-76. 
[9] D. Jensen and J. Neville, “Data Mining in Social Networks”, E65
�''�, 2002. 
[10] G.R. Jones and J.M. George, “The experience and evolution of Trust: Implications for Co-operation and Teamwork”, 
�
�
�������
��
&���������
 ����%, Vol. 23 No. 3, 1998, pp. 531–546. 
[11] H. Kautz, Selman, B. and M. Shah, “Referral Web: Combining Social Networks and Collaborative 
Filtering”, 8��������
����
��

�	
683, pp. 63-65, Vol. 40, no. 3, March 1997.  
[12] T. Keim, W. König, and F. von Westarp, “Bewerbungspraxis 2005: Eine empirische Untersuchung mit 
über 11.000 Stellensuchenden im Internet“, @	�	����
�	���
, University of Frankfurt, 2004. 
[13] T. Keim, W. König, F. von Westarp, T. Weitzel and  O. Wendt, “Recruiting Trends 2005 - Eine 
empirische Untersuchung der Top-1000-Unternehmen in Deutschland und von 1000 Unternehmen aus dem 
Mittelstand in Deutschland“, @	�	����
�	���
, University of Frankfurt, 2005.  
[14] K. T. Leicht and J. Marx, ”The Consequences of Informal Job Finding for Men and Women“, �������
 ��

&���������
�������, Vo. 40, 1997, pp. 967 – 987. 
[15] T.W. Malone and R.J. Laubacher, “The Dawn of the E-Lance Economy”, "������
'�	���		
 ����%, 1998, pp. 145 – 
152.   
[16] A. McCallum, A. Corrada-Emmanuel and X. Wang, “The Author-Recipient-Topic Model for Topic and 
Role Discovery in Social Networks: Experiments with Enron and Academic Email”, !	������"
@	���
, UM-
CS-2004-096, 2004. 
[17] B.A. Misztal, (���	�
��
&�����
��������	), Polity, Oxford, 1996. 
[18] J.D. Montgomery, “Social Networks and labor-market outcomes: toward an economic analysis” ��������
*�������

 ����%, Vol. 81, 1991, pp. 1408 – 1417.  
[19] J. Neville, M. Adler and D. Jensen, “Clustering Relational Data Using Attribute and Link Information”, 
!	(
;3�����
F
:��+;6��" ���
G��+����, TextLink, 2003. 
[20] J.S. Olson, G.M. Olson, “i2i Trust in E-Commerce”, �������������
��
�
�
��&, Vol. 43 No. 12, 2000, pp. 41 – 44. 
[21] G. Russo, P. Rietveld, P. Nijkamp, C. Gorter: „Recruitment channel use and applicant arrival: An empirical 
analysis“, *�!������
��������	, Vol. 25, 2000, pp. 673 – 697. 
[22] B. Schneider, A. Kristof-Brown, H.W. Goldstein, and D.B. Smith, “What is this thing called fit?“, in: N. Anderson 
and P. Herriot: �������������

���#��$
��
���������
���
�		�		����, John Wiley & Sons, 1997, pp. 393 – 412.   
[23] C.J. Simon and J. T. Warner: “Matchmaker, matchmaker: The Effect of Old Boy Networks on Job Match Quality, 
Earnings and Tenure”, �������
��
+�#���
*�������	, Vol. 10, 1992, pp. 306 – 329. 
[24] M.B. Watson-Manheim, K. Crowsten and K.M. Chudoba, “Discontinuities and continuities: a new way to understand 
virtual work”, revised version of ����������	
��
 �
�
,-��
������
"�%���
 �������������
����������
��
��	���
�������	, 
2002.   
[25] A. Wolfe and D. Jensen, “Playing Multiple Roles, Discovering Overlapping Roles in Social Networks”, 
�83:
�''�
G��+����
��
5
�
��
���"
@	"�
����"
:	������
���
�
�
8���	�
����

�
9
�	�
��	"��, 2004. 
[26] P. Yolum and M. P. Singh, “Emergent properties of referral systems”, 7���		�����
 ��
 
�	
 ���

��
	���
����"
H���

8���	�	��	
��
6�
�������
6�	�
�
���
3�"
�6�	�

5 �
	��
=66365>. ACM Press, July 
2003.  
 


