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1. Summary 
As an interdisciplinary research network, the Cluster of Excellence (CoE) com-

prises of scientific disciplines ranging from mechanical engineering to computer 
sciences as well as finally tackling social sciences like sociology and psychology. 
This interdisciplinary diversity is accompanied by a structural spreading: The 25 
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participating organizations from five departments and around 150 scientists are al-
located around the entire campus of RWTH Aachen University. Hence, many of the 
CoE’s employees are faced with new forms of cooperation in terms of competences, 
knowledge, heterogeneous objectives of institutions and actors (Jooß et al. 2012). 
As there is a continuous staff turnover in science, a sustainable process for the inte-
gration of actors in the research network is requested. 

Scientific Cooperation Engineering addresses the challenge of interdisciplinary 
cooperation in the CoE and aims at fostering interdisciplinarity and its synergies as 
a source of innovation. Therefore, the project researches means of reaching an or-
ganizational development from temporal structures to a sustainable network in pro-
duction technology.  

In order to achieve this aim, Scientific Cooperation Engineering has developed 
four fields of action (see Chap. 2). Within these fields of action a broad range of 
means has been developed and implemented. The scientific background of these 
means and the research results of Scientific Cooperation Engineering are outlined 
in Chap. 3: First, a requirements gathering from the perspective of the actors and 
tailor-made methods as well as results of cluster internal process evaluations are 
described (see Sect. 3.1 and 3.2), accompanied by the question on how to manage 
the diversity component in the CoE (see Sect. 3.3). Hereafter physical networking 
activities like colloquia of employees as main networking events and individualized 
training activities in the CoE are depicted (see Sect. 3.4). Virtual networking means 
are outlined in connection with the Scientific Cooperation Portal, as the tailored 
cooperation portal of the CoE (see Sect. 3.5-3.10). This includes applications for 
Data Analytics in cooperation management, visualization of publication data as well 
as project planning and management. 

2. Motivation and Research Question 
Interdisciplinary research and scientific cooperation take the role of an increas-

ing driver for innovative knowledge production and “improved understanding of 
complex phenomena” (Lyall and Meagher 2012). In the first funding period of the 
CoE, the complexity and dynamics of this cooperation lead to the development of 
the prototype model Application Model for Measures and Instruments of the Cross-
Sectional Processes in Knowledge Intensive Organizations. This model specifies 
design elements and cluster-specific measures for the management of Cross-Sec-
tional Processes.  

The initiated measures of the first funding period support the networking activi-
ties within the CoE and the efficiency of scientific working processes by focusing 
in particular on the detection and use of thematic synergies. The results of employee 
surveys and workshops led to the assumption that these measures had to be extended 
in various ways (e.g., virtual support measures). Furthermore, a scope of action for 
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the management of the CoE was given: The next steps for organizational develop-
ment of the CoE are derived by means of various measuring processes.  

Especially in the second funding period of the Excellence Initiative, this ap-
proach has been extended towards a sustainable setup of personal and organizational 
structures for scientific cooperation (Cluster of Excellence 2012). Interdisciplinary 
integration of the scientific disciplines in the CoE represents one possibility to 
achieve sustainable cooperation, and can be defined as the practice of knowledge 
production within the interplay of sub-teams (Jahn et al. 2012). These sub-teams are 
brought together with all their specific knowledge, concepts and (infra) structures 
and thus need an integrative element (Jooß 2014). Bergmann and Schramm (2008) 
state that “only integration on a cognitive, but also on a social, communicative, or-
ganizational and possibly technical level leads to the capability of trans-disciplinary 
research to achieve good results”. The central research question of Cross Sectional 
Processes 1 focuses on sustainability of this integration supporting the development 
towards a successful interlinking of people and knowledge from different disci-
plines: 

“Which actions are necessary to support the transfer of highly complex, dynamic and 
interdisciplinary research cooperation of the Cluster of Excellence into sustainable and 
robust structures?” 
 

 
Figure 1: Fields of action and measures for Scientific Cooperation Engineering 
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This research question has been operationalized by four fields of action within 

Scientific Cooperation Engineering (see Figure 1): Performance Measurement, Di-
versity Management, Interdisciplinary Innovation Management and Knowledge & 
Cooperation Engineering.  

Based on Jooß et al. (2012), the fields of action can be described as follows:  
§ Performance Measurement comprises of the contribution of the project 

to the steering and regulation of integrative research processes and out-
puts. Hence, measuring and evaluating the CoE are the main topics 
within this field of action. Within the Cross-Sectional Processes, tools, 
such as a Balanced Scorecard, have been adapted in order to derive 
insights into the performance of processes and the current vision and 
mission of the CoE on all hierarchical levels. Furthermore, project man-
agement and planning processes are supported.  

§ Diversity Management focuses on culture, age and gender aspects of 
the CoE. Based on the hypothesis that diversity can be seen as a source 
of innovation, the measurability and utilization of diversity as a com-
petitive factor are the focus of this field of action. Within this context, 
culture is defined in two ways: First, culture comprises disciplinary as-
pects in order to elaborate necessary factors for interdisciplinary coop-
eration. Second, culture covers international diversity. 

§ Interdisciplinary Innovation Management aims at measuring, visualiz-
ing and managing experts from different scientific cultures and disci-
plines within the cluster. Therefore, the promotion of the innovative ca-
pability is fostered by means of a discipline-specific interlinking that is 
based on different analysis processes (e.g., bibliometrics).  

§ Knowledge & Cooperation Engineering comprises the interaction of 
data and knowledge on all organizational levels to support a sustainable 
development of the CoE. This includes physical networking, work-
shops and training as well as data-driven methods to support commu-
nication and exchange as a foundation for further cooperation. For in-
stance, a cybernetic method suite supports terminologies acquisition 
and efforts for searching cluster-specific information via automated 
knowledge retrieval processes. 

All of those fields consist of measures from different origins, as they are based 
on combinations of method from empirical social science and data science, as well 
as workshops and seminars. Empirical and data science can be seen as steps for data 
acquisition and analysis. Both rely on data that has been collected from the actor by 
means of surveys and interviews on the one hand, and data science-based publica-
tion analysis on the other. As a technical frame for all data driven approaches the 
Scientific Cooperation Portal has been implemented as a virtual exchange and in-
formation platform (see Sect. 3.7). Workshops and seminars fulfill a combined role. 
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Data can, thus, be gathered on a qualitative level (e.g., thematic accordance in pro-
ject topics) and – focusing on a systemic-cybernetic perspective – feedback can be 
obtained on different hierarchical levels (Welter 2013). 

Thus, the fundamental idea of Scientific Cooperation Engineering is based on an 
iterative cybernetic approach for the development of measures that are capable of 
fostering cooperation within the CoE. The projects aim at integrating scientists into 
this approach by various feedback loops (e.g., using cluster-wide surveys or evalu-
ations of physical networking events). A detailed description of this approach is 
given in Chap. 3.1, followed with the results of the project.  

3. State-of-the-Art and Results of Scientific Cooperation 
Engineering 

3.1. Continuous Formative Evaluation 
Sarah L. Müller, Thomas Thiele, Claudia Jooß, Anja Richert, Sabina Jeschke 
 
Within the field of action Performance Measurement, different formative evalu-

ation tools have been developed and implemented to facilitate the steering and reg-
ulation of the research processes and outputs. Out of these evaluations, necessary 
adjustments were derived to enhance the processes and the performance of the CoE. 

3.1.1.  State-of-the-Art 
Formative evaluations examine the practical implementation of activities and the 

performance of an organization systematically. Due to the monitoring and analysis, 
the management gets ideas about how to optimize the processes of networking, the 
flow of information, the events etc. In this way, the effectiveness of means and the 
management itself can be optimized and undesirable developments may be reduced.  

A special form of accompanying evaluations is the participatory evaluation 
which involves the actors directly in the process (Bundesministerium für Wirtschaft 
und Technologie 2008). In doing so, not only does the management get feedback, 
but the actors become obliged to reflect their own actions and learning process can 
be evoked as well. Without this continuous reflection and due to routines, the actors 
can be limited in their knowledge and actions (Giddens 1984; Sydow and Duschek 
2011). Furthermore, a continuous performance management is required to evoke 
organizational learning processes that represent the basis for interdisciplinary coop-
eration and knowledge production (Jooß 2014; Liebsch 2011). The formative 
performance management is of particular importance for complex and dynamic 
processes and structures, which applies to the CoE.  
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3.1.2.  Method 
An established strategy tool for performance management is the Balanced Score-

card (BSC) originally developed by Kaplan and Norton (1992). Due to the special 
interdisciplinarity demands of the CoE, the BSC was adapted by Welter (2013). 
Like the generic basic model, the cluster-specific BSC allows looking at perfor-
mance from four perspectives: internal perspective/research cooperation, learning 
and development perspective, output/client perspective and financial perspective.  

Each perspective comprises critical success factors that were derived out of the 
vision, mission, and overarching goal of the CoE (DFG – Deutsche Forschungsge-
meinschaft 2006). Unlike many BSCs that gather hard factors like cash flow, unit 
costs, or delivery times for further analysis, it is essential for the CoE to additionally 
consider soft performance measures from the participants’ perspective. Factors like 
communications quality or the transparency of research contents are crucial for the 
participation and cooperation process – which is itself a determinant of good per-
formance. In particular, participation induces a self-determinant, active develop-
ment of the cluster that is not only driven top-down. The success factors were oper-
ationalized through questions that were evaluated by cluster participants on all 
hierarchical levels (research assistants, project leaders, ICD leaders, cluster man-
agement, professors). 

 
Figure 2: Iterative system of evaluation of the CoE  

The formative evaluations of the CoE follow an iterative approach modeled after  
Jansen (2004), Horváth and Seiter (2009) and Welter et al. (2011), having been im-
plemented to improve the cluster performance and the management itself. The iter-
ative system starts with the evaluation itself (see Figure 2). After the condensation 
and analysis of the data, a content-related analysis and reflection of the results takes 
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place. This analysis allows the derivation of recommendations for actions either for 
a single event or an event series – or for the entire cluster management. Through 
repetitive measuring, the effects of the executed consequences can be analyzed 
again. 

3.1.3. Results and Discussion 
The iterative system of evaluation is applied both for the cluster events and for 

the general performance of the cluster: 
The regular general meetings, CoE conferences, and the colloquia of employees 

are evaluated with a standardized questionnaire. In this way, time series can be dis-
played and show alterations between single events. An example of such a time line 
is given in Sect. 3.4.2. The event quality can be assured and the content and format 
of events can be adjusted to satisfy the needs of the participants of the cluster. The 
content-related analysis and reflection of the events is usually conducted through 
the cluster management and researchers of Scientific Cooperation Engineering. One 
recent example of implemented results stemming from event evaluations is the im-
plementation of microtrainings as one part of the colloquia of employees. 

The performance of the CoE is evaluated with the cluster-specific BSC on an 
annual level. Therefore, time series can be plotted as well. Most of the time series 
show a constant or progressive development over time (see Figure 3). The slightly 
increasing curves can be interpreted as the positive effects of management actions 
and the continuous annual regulatory process. It is apparent that the BSC results are 
influenced by many known and unknown factors, whereas statements on unambig-
uous causes are hardly possible. Nevertheless, an analysis of causes can be done on 
a qualitative level to obtain results.  

Figure 3: Exemplary results of the cluster-specific Balanced Scorecard over time (scale 
reaches from 1 “good rating” to 5 “bad rating”;(Müller et al. 2015) 
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To ensure this derivation of consequences through a back-coupling of the results 

of the event evaluations and of the BSC, workshops on different hierarchical levels 
were – and will be – conducted. The first workshop was conducted with the core 
team of the cluster in 2014, a second one followed in 2015. Additionally, a third 
workshop was carried out with the project leaders. A further workshop on the re-
searcher level is planned on a colloquium of employees. All of these workshops aim 
at revealing fields of actions and a joint elaboration of recommendations for actions. 

As shown, the formative evaluations and the iterative system of the CoE aim at 
self-optimization. Scientific Cooperation Engineering accompanies this process 
through the analysis of the evaluations and the initiation of back-coupling processes 
and the induction of the implementation. One example for a successful implemented 
measure out of the BSC is the internal newsletter that was first implemented in 2015. 
In this way, the transparency and the flow of information were supported. 

3.1.4.  Outlook 
To be more transparent about the BSC survey, an online visualization of the re-

sults will be developed. This so-called virtual BSC Cockpit should be accessible by 
every CoE researcher through the Scientific Cooperation Portal (see Sect. 3.7). It is 
also expected that the participation rate of the employee survey will increase be-
cause the importance of the researchers’ feedback is illustrated. Furthermore, the 
virtualization of results in combination with several filtering techniques allows the 
individual assessment of single projects. Following this idea, the BSC Cockpit rep-
resents a virtual management tool that is able to support the different hierarchical 
levels by fulfilling individual needs of information. 

Starting with the next CoE conference, all event evaluations will be conducted 
online. In this way, prospective results can be displayed much faster – even a direct 
analysis during the event is possible. The event evaluation will also be accessible 
through the Scientific Cooperation Portal. 

The cluster-specific BSC is well established in the CoE and can be transferred to 
other interdisciplinary research clusters. Furthermore, adaptions to the special needs 
of the concerned cluster will be necessary, and it is possible to benchmark them 
through the BSC. For example, through the comparison of the BSC results and the 
activities in different clusters it can be seen which measures are more effective. In 
this way the clusters can learn from each other, and conclusions about the effects of 
different forms of interdisciplinary cooperation or different processes, activities and 
structures can be drawn. 

3.2. Critical lncidents of lnterdisciplinary Research 
Sarah L. Müller, Claudia Jooß, Anja Richert, Sabina Jeschke 
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Interdisciplinarity is one aspect of the field of action Diversity Management. Re-

garding the research about interdisciplinarity, there is an empirical deficit in the 
evaluation of the actors’ perspective to interdisciplinary cooperation during the co-
operation process itself in form of long-term studies (Raasch et al. 2013). For this 
purpose – and to support the management of the CoE – critical incidents for the 
success of interdisciplinary research were identified in a long-term study of Scien-
tific Cooperation Engineering. 

3.2.1.  State-of-the-Art 
Interdisciplinary research integrates the knowledge and methods of individuals 

or teams from different disciplines (National Academies U.S. 2005). Besides the 
acculturation (Redfield et al. 1936; Berry 1983), an integration of disciplines is ex-
pected from the involved actors (Aboelela et al. 2007; Porter and Rafols 2009) to 
evoke synergies (Defila and DiGiulio 1998), which heighten the complexity of co-
operative processes and structures. Through the last years, interdisciplinary research 
increased in prevalence and it is expected that this trend will continue (Millar 2013). 
Therefore, it is of special importance to analyze how interdisciplinarity impacts the 
research process and how this process can be supported. Interdisciplinarity can have 
numerous forms, such as varying through the involved disciplines, the number of 
people or the hierarchical structures. Nevertheless, it is stated that interdisciplinary 
cooperation has some generalizable patterns. Thereby, communication and time are 
relevant factors for example (Katz and Martin 1997).  

Interdisciplinary cooperation are mainly analyzed on a macro or meso-level, but 
the individual micro-perspective of the researchers is rarely in the limelight (Raasch 
et al. 2013). Thus, the involved actors in particular play a crucial role, since they 
are working on the direct value-adding scientific results and have to deal with the 
integration of the diverse methods and concepts of the different disciplines. Further-
more, there is a lack of long-term studies that display the stages of development of 
the cooperation process (Melin 2000). Therefore, this survey aimed at gathering 
detailed insights into the dynamic cooperation process already during the execution 
phase out of the actors’ perspective. 

3.2.2.  Method 
To analyze which phenomena are critical for the success of the CoE, a 

comprehensive long-term study was conducted (Jooß 2014). Therefore, a 
heterogeneous sample of actors across all hierarchical levels of the CoE were 
questioned. Using structured interviews, partly standardized employee surveys, 
evaluation of measures, and participatory observations qualitative data were 
collected over a period of five years (2009-2013).  
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From each set of data, phenomena of interdisciplinary cooperation were 

identified. Out of these phenomena critical incidents (CI) were extracted using the 
Critical Incidents Technique (Flanagan 1954). A phenomenon is called critical if it 
has a special importance for the interdisciplinary cooperation process compared to 
other phenomena, and if this phenomenon is the base and/or precondition for 
consequences or strategies. After having empirically reasoned a theoretical satura-
tion, the CIs were clustered in generalizable patterns that provide recommendations 
for actions for the cluster management. 

3.2.1. Results 
Thirty CIs were found which are shown in Table 1 (Jooß 2014). Besides the title, 

they give further insight into relationships of incidental, rear and distant effects. The 
CIs were clustered into three patterns. 

The first pattern cumulates CI in the way of integration and allocation of time. 
For a successful cooperation the interdisciplinary integration of knowledge and 
methods is critical. Therefore, constant communication between the participants is 
necessary. The researchers need to be aware of each other and the existing 
competences, to be sensitized for interdisciplinary cooperation, and develop a 
common language or rather common concepts. Furthermore, it is necessary to work 
out the interfaces and limits of the involved disciplines to collaborate successfully 
and, at best, to learn from each other. This complex negotiation process needs time 
and organizational support as it does not take place by itself. For this purpose, a 
sufficient organizationally established allocation of time is needed to foster constant 
exchange and should be provided. This process can be further enhanced through 
spatial proximity. 

The second pattern integrated knowledge management regarding the common 
interdisciplinary vision points out that a common vision and a continuous 
knowledge management with respect to realization of the vision is needed to 
cooperate successfully. A common vision is the basis for the identification with and 
the motivation for interdisciplinary cooperation. The vision needs to be established 
and the researchers should be aware of it and its importance. Visualization can 
facilitate the localization of the researchers and their projects as well as the 
interfaces within the entire CoE. Therefore, it can illustrate individual contribution 
to the overall goal.  

In terms of the vision, a continuous support of the knowledge exchange should 
take place. Regular networking activities should be fostered. This can be enhanced 
by the sub-project managers which act like key persons for networking, since they 
are supposed to have a content-related overview of the CoE and the interfaces 
between the sub-projects. Consequently, they can initiate exchanges about research 
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findings that are crucial for further cooperation. For the exchanges, sufficient 
temporal freedom is crucial.  

The third pattern summarizes CIs in the fields of recursive and process-related 
support and participation of stakeholders. It is shown that the participation of the 
involved actors and a recursive and process-accompanying support are of special 
importance. 

 
Table 1: Critical incidents of interdisciplinary research (Jooß 2014) 

Interviews Employee surveys Evaluations Observations 

Exchange and termi-
nology 

Co-creation of the in-
volved researchers 

Exchange of methods 

Key persons and net-
working 

Interdisciplinary 
qualification program 

Visualization of the 
vision 

Opportunity for con-
tinuous exchange 

Development of a 
common language 

Reflection of the re-
search findings 

Identification and vis-
ualization of inter-
faces 

Exchange and tem-
poral freedom 

Interdisciplinary com-
petences 

Interdisciplinary inte-
gration 

Communication and 
cooperation platform 

Exchange and net-
working 

Sensitization and tol-
erance towards other 
disciplines 

Reflection and termi-
nologies 

Iteration and partici-
pation 

Key persons for net-
working 

Identification and in-
centives 

Virtual communica-
tion 

Handling of staff 
turnover 

Integration of external 
persons 

Research contribution 

Temporal freedom 

Measures for further 
training 

Disciplinary advances 
in knowledge 

Personal benefit 

Public relations 

Publications 

Resulting patterns  

Pattern 1: 
Integration and allocation 

of time 

Pattern 2: 
Integrated knowledge management 

regarding the common 
interdisciplinary vision 

Pattern 3: 
Recursive and process-related 
support and participation of 

stakeholders 
 
This means all actors of the CoE should be involved in building the vision and 

scientific contents of the cluster. Furthermore, a continuous support of the interdis-
ciplinary, communicative and team competences of the researchers is necessary and 
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should be fostered through adequate trainings. Thereby, it should made clear that 
the own discipline advances through interdisciplinary integration. 

It has been shown that interdisciplinary cooperation needs a process 
accompanying support in terms of interdisciplinary knowledge production and 
transfer. It is important to identify support needs and to implement appropriate 
measures to reflect and adjust if necessary. The critical factors clarify which aspects 
have to be designed from the actors’ perspective. Although the CoE is highly spe-
cific, the generalizable patterns show that many aspects can be transferred to other 
networks and are traditional interdisciplinary research aspects (Gibbons 1994). 

3.2.2.  Future Studies on CIs 
The CIs were collected and evaluated qualitatively for this specific CoE. To con-

duct further statistical analysis, test the transferability to other research networks 
and develop a standardized measurement the CIs have to be operationalized by 
means of a quantitative questionnaire. In this way, the data acquisition is also more 
efficient, and a greater number of people can be questioned.  

The quantification comprises two different parts: The first part inquires the per-
ceived quantitative general importance of each CI, for instance, “How important do 
you rate a common understanding of terminologies?” The second part gathers data 
about the subjective quantitative characteristics of the CIs regarding the CoE, such 
as, “Within the entire CoE a common understanding of terminologies was devel-
oped.” Both parts are rated on a Likert-scale, respectively.  

The general analysis aims at clarifying the structure of the CIs on a universal 
basis. Therefore, an explorative factor analysis will be conducted first. In general, a 
factor analysis attempts to reduce a large number of correlated manifest variables 
(the questions) to a small set of independent latent variables (the CIs) called factors. 
These factors explain as much of the variance of the manifest variables as possible. 
Thereafter, the interdependencies between the Cis will be analyzed using structural 
equation modeling. test correlative relationships between latent variables. The CoE 
specific analysis aims at further evaluation of the CoE to derive recommendations 
for action. Out of these analyses, ranked fields of actions are displayed and suitable 
counteractions can be evolved. 

The CoE is assigned to the scientific discipline of engineering despite its 
interdisciplinarity. This may possibly influence the CIs and its impact on the success 
of cooperation. The CoEs, which are funded in the second phase by the DFG, are 
divided into four scientific disciplines: engineering, humanities and social sciences, 
natural sciences, and life sciences. By conducting the same study in other research 
networks, we can compare the CIs and its patterns and thus show cross-disciplinary 
comparisons. The results can be potential starting points for future launchings of 
research networks.  
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3.3. Intercultural Diversity Management - Age and Culture Effects in 
Cluster Research 

Mamta Sharma, Kirsten Dahmen, Ulrich Prahl, Wolfgang Bleck  
 
The project ‘Diversity Management’ seeks to find answers to some important 

research questions like: “Which teams perform better in a scientific work environ-
ment: homogeneous or heterogeneous?”, “Which type (or types) of heterogeneity 
(or homogeneity) is the most important one in influencing team performance: gen-
der diversity, age diversity, cultural diversity or diversity in disciplines?”, “Which 
measures are necessary to manage a heterogeneous (or homogeneous) team so that 
its members can work together effectively in clusters, projects and facilities to be-
come a successful research collective?”  

Addressing these questions first requires a systematic examination of the afore-
mentioned forms of diversities in different research groups in and out of the excel-
lence cluster. The next step is to compare the work culture, work values and success 
(parameters to define success shall be specific to the team/to the specific study) of 
teams having different degrees of the above-mentioned diversities, so as to delineate 
the diversity (and/or leadership and management) factors that lead to the most fa-
vorable team performance. Such a comparison can often be challenging. The final 
step shall be to correlate diversity and performance, which shall provide methods to 
build new (homogeneous/heterogeneous) teams and better manage existing ones. 

3.3.1.  State-of-the-Art 
Diversity Management is quite a new discipline emanating from the United 

States in the 1960s. Triandis et al. (1994) define diversity as that a person is differ-
ent from me. For Sundstrom et al. (1990), diversity means interdependent collection 
of individuals who share responsibility for specific outcomes. Most studies on di-
versity and its management deal with demographic or organizational diversity. The 
first one is relation-orientated, considering factors like age, gender and culture. The 
second is task-oriented, taking education, function, job, duration of employment, 
etc. into account. It is relatively less complex compared with demographic diversity.  

 (Hoffman 1959) reported a better team performance for heterogeneous teams on 
cognitively complex tasks as well as those demanding multiple viewpoints since 
such teams tend to have a broader range of knowledge, expertise and perspectives 
compared with homogeneous groups. In fact, (Triandis et al. 1965) suggest that het-
erogeneous teams show higher creativity in problem-solving. (Bantel and Jackson 
1989) also found a relation between diversity and innovation. (Caye et al. 2011) 
explain the many profits of diversity in business, arguing that today customers vary 
strongly in their behaviors, values, priorities, age, gender, etc. Therefore, a good 
mix of employees is necessary to cater to them. Additionally, shortage of talent 
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makes it indispensable to recruit from diverse groups. (Wulf 2002) suggests that 
having a diverse workforce in science and engineering is not just a matter of impar-
tiality and fairness but rather an ‘absolute necessity’, arguing that engineering de-
mands creativity which could come from the different life experiences of diverse 
team members. He also warns that a lack of diversity could lead to opportunity 
costs, which are the costs incurred because of using a ‘‘non-elegant’’ solution to an 
engineering problem resulting from lack of diversity.  Different barriers and benefits 
of having diverse teams have been discussed by (Cox 1993) and (Gebert 2004). For 
example, as (Gebert 2004) describes that such advantages of diversity over team 
homogeneity as higher productivity, effectiveness, innovative capacity and creativ-
ity, sometimes there could also be more conflicts and stress and less communica-
tion, group stability and work satisfaction. On similar lines, (Bassett-Jones 2005) 
introduces the concept of the ‘paradox of diversity management, innovation and 
creativity’. He identifies that although diversity can be a source of creativity and 
innovation, leading to competitive advantage, it could also cause misunderstanding, 
suspicion and conflicts in workplace, resulting in absenteeism, poor quality, low 
morale and loss of competitiveness. These are two conflicting aspects and thus ne-
cessitate effective ‘Diversity Management’.  

3.3.2.  Method 
An online questionnaire study named ‘Criteria for Scientific Success’ was con-

ducted by the Steel Institute (Institut fuer Eisenhuettenkunde, IEHK) together with 
the Human Computer Interaction Center (HCIC) of the RWTH Aachen in the latter 
half of 2014. The survey begins with questions asking for the general information 
of the participant like age, gender, nationality, native language, country of origin, 
and the kind of environment (city, town or countryside) in which the person grew 
up. Additionally, the subjects were also asked for their educational qualification, 
academic discipline, work or academic position, experience or tenure, prior work 
experience elsewhere, and if their current field of work matches with or is identical 
with that in which they received their education. Whenever a question involved 
multiple choices in the form of statements, the participants were asked to display 
their agreement (or disagreement) with that given statement on a 6-level Likert 
scale, where rating 1 stands for totally disagree and 6 means totally agree.  

The Steel Institute aimed to ascertain whether and how culture, age, experience, 
gender and academic discipline influence the scientific success of researchers, as 
measured by the number of their publications. Three research groups of the RWTH 
Aachen (Cluster of Excellence, CoE; Collaborative Research Group, SFB 761; one 
of the materials engineering departments, MED) were chosen for the survey for the 
primary reason that these groups show varying degrees of the aforementioned di-
versities. 
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3.3.3.  Results 
Based on the responses of the survey participants, different forms of diversity 

were evaluated, and an attempt has been made to identify and understand the corre-
lation between diversity and scientific success.   

Diversity in the three research groups 
Gender diversity has been quantified in terms of the fraction of female team 

members (see Figure 4a). Cultural diversity has been described by the proportion of 
non-German researchers (Figure 4b), who in this case belong to countries like Bel-
gium, China, Croatia, India, Poland, Russia, South Korea, Sweden, Thailand and 
Turkey. Other forms of diversity – namely, diversity in age, experience, qualifica-
tion and academic discipline – have been summarized in Figure 6.  

Success in science in terms of number of publications 
The results of the first part of the questionnaire study by HCIC led to the conclu-

sion that researchers rate ‘publications’ as the most important factor for scientific 
success. Hence, the number of publications was compared for the three groups. Fig-
ure 7 shows that the members of SFB have published the largest number of articles, 
followed by those of CoE. The number of articles published is the smallest for MED 
among the three groups. The publishing trends of SFB and MED differ considera-
bly, in that more than 30 % members of SFB have published in excess of 30 papers, 
whereas over 40 % researchers in MED have just started publishing (0-1 articles). 
CoE lies in between, where 25 % members have published 5-9 papers and about 27 
%, 2-4 papers. The number of beginners (0-1 papers) is also relatively small (~12.5 
%). 

 
Figure 4: (a) Gender and (b) cultural diversity in the three research groups 

Only considering the data in Figure 5 and Figure 6, it seems reasonable to con-
clude that the most diverse group in all respects, the SFB, is also the most successful 
group. CoE is the second most successful group. It has only a limited gender and 
cultural diversity, but a higher age diversity and higher interdisciplinarity compared 
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to MED. The mono-disciplinary, young group MED which intermediate gender and 
cultural diversity has only limited success in terms of publications so far. However, 
a detailed look into the results points out that the scientific success (or its absence) 
cannot be completely attributed to the presence or absence of gender and cultural 
diversity, because although CoE is less culturally and gender diverse, it is more 
successful than MED, which has gender and cultural diversity.  

 
Figure 5: (a) Age, (b) Experience, (c) Qualification and (d) Academic discipline diversity 
in the three research groups 

The scientific success can nevertheless be correlated to interdisciplinarity since 
the least disciplinarily diverse group (MED) also has the smallest number of publi-
cations. Interdisciplinarity is still not the sole reason for scientific achievement be-
cause although the members of CoE belong to more diverse faculties than SFB, SFB 
has higher number of publications than CoE. We found that age and work experi-
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ence were positively correlated, r(86) = .818; p < .01 and therefore in this discus-
sion, age and experience are synonymous! Based on this work, a strong association 
between age or work experience and scientific accomplishment in terms of publish-
ing can be concluded.  This has also been observed by (Baer et al. 2007), who at-
tribute the benefits of tenure or educational diversity to the accompanying informa-
tional diversity, which has a positive effect on team performance due to wider range 
of informational resources available to the team. 

However, they do not attribute this benefit to ‘age diversity’. SFB, with the high-
est average age (35.5 years) and highest number of experienced researchers (>45 
years old), also has the highest percentage of researchers (35 %) with more than 30 
research papers. This result is also true for CoE and MED. CoE with a higher aver-
age member age and experience than MED also has published more articles than 
MED. This leads to the conclusion that the higher the diversity in age or experience 
of the group members, the higher the likelihood of the group being successful.  

Group control and project structure  
It should be pointed out that there are some differences in the way these three 

research groups are financed and in the way they are controlled. MED works both 
on industrial projects and publicly-funded projects. In case of industrial projects, 
there are sometimes restrictions in publishing when the results should be kept con-
fidential. This could also be one of the reasons why the number of publications is 
not as high as for the other two groups. The group SFB on the other hand is more 
focused on fundamental research. There are no restrictions on publishing as such: 
In fact, publishing is an important criterion to obtain funding for the next research 
period. The CoE is a part of the Excellence Initiative of the German federal and 
state governments.  The German Research Foundation (DFG) was given responsi-
bility for implementing the initiative together with the German Science Council. 
Thus, in this case making the research results public is very necessary.  

 
Figure 6: Number of research publications by the members in each of the three re-

search groups 
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3.4. Physical Networking and Tailor-made Trainings as Means for 
Cluster Development 

Thomas Thiele, Sarah L. Müller, Andre Calero Valdez, Anne Kathrin Schaar,  
Claudia Jooß, Anja Richert, Sabina Jeschke, Martina Ziefle 

 
Physical networking processes are demanded especially by the actors and focus 

on interdisciplinary and scholarly exchange (Jooß 2014). In order to realize this de-
mand, measures like networking events can be conducted. Moreover, interdiscipli-
nary trainings serve not only as further education, but also as a platform of exchange 
and, therefore, are a part of the knowledge and cooperation engineering activities of 
the Scientific Cooperation Engineering project. This chapter depicts the design of 
networking events and interdisciplinary trainings as key elements for the interdisci-
plinary integration within the CoE. 

3.4.1.  State-of-the-Art 
As a possible approach to forming an interdisciplinary cooperation, disciplines 

may consequently participate in an integration process that supports the stabilization 
and efficiency of scientific working processes. The integration process is mainly 
based on the ability of all actors in the cluster to communicate effectively despite 
their different terminologies (e.g., with respect to methods or technologies). Ac-
cording to Jahn (2008), communication should be accompanied by social & organ-
izational, technical and cognitive perspectives in order to combine various scientific 
disciplines into one consortium. Aiming at an added value of interdisciplinary re-
search and following Vaegs et al. (2013b), the definition of these perspectives is 
outlined in this chapter, followed by the results in the subsequent chapters.  

The social & organizational perspective addresses the definition and relation of 
different interests and activities between involved projects and organizational insti-
tutions: Different research interests and topics have to be exchanged and matched. 
With regard to interdisciplinary networking and training events, the main aim of the 
social & organizational perspective is the initiation of negotiation processes be-
tween the actors in the CoE. 

In the context of interdisciplinary networking and training, the technical per-
spective allows a sustainable knowledge transfer and aims at supporting idea gen-
eration and dissemination in physical events. Therefore, a technical system has to 
be integrated into daily workflows and should not provide any interruption from 
usual routines (Jahn 2008). 

The communicative perspective focuses on the linkage of discipline-specific lin-
guistic expressions and communicative practices (Vaegs et al. 2013b). The negoti-
ation process of a common language is a vital element for knowledge generation 
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and communication. The aim can be seen in the achievement of an integrative un-
derstanding without dismissing the terminology of the own scientific discipline. 

The cognitive perspective comprises the distinction of different discipline-spe-
cific knowledge domains and the connection of scientific as well as practical aspects 
within this knowledge (Bullinger et al. 2009). The goal is to gain deeper insights 
into methods and concepts that originate from different disciplines. Merging an in-
terdisciplinary group can be achieved by fostering mutual understanding and inte-
grating knowledge into a combined research effort. 

Following Bergmann and Schramm (2008), the coverage of these perspectives 
supports the development of an interdisciplinary group towards an integrative work 
process as a consortium. How this approach is implemented in the CoE using phys-
ical networking events and interdisciplinary trainings is depicted by two examples 
in the next chapters. 

3.4.2.  Method: Design of Colloquia of Employees 
Since 2008, Colloquia of Employees are part of the networking strategy of the 

CoE. As a forum for so-called networking services (Sydow and Zeichhardt 2009) 
and meetings on the level of the researchers, the Colloquia aim at the promotion of 
cluster-internal cooperation and the transfer of knowledge. Furthermore, an increas-
ing transparency and development of a mutual comprehension between the cooper-
ating disciplines is addressed. Jooß (2014) stated that it is of particular importance 
for the quality of the cooperation that all participants of an interdisciplinary research 
cluster are integrated in the bottom-up development of scientific contents and aims. 

In order to support these aims, the Colloquia are designed as a mixture of work-
shops and provide a communication platform. They take place twice annually and 
are not defined in terms of topics, concepts and agenda. The design and implemen-
tation of the Colloquia are based on two sources: First, results of the formative event 
evaluation are used in order to derive useful topics from the actor’s perspective (see 
Chapt. 3.1); and second, the concepts and topics are determined in close cooperation 
with the Cluster Management and the Cross-Sectional Processes.  

The first source illustrates the participative character of the Colloquia of Em-
ployees. As demonstrated in Welter et al. (2012), individual feedback of the partic-
ipants is evaluated and used to improve or redesign previous topics. The second 
source arises from superior aims of the cluster, such as the necessity to develop 
sustainable future concepts for the CoE. Based on the hypothesis that a group “is 
capable of producing ideas that are more novel than the ideas that they begin with” 
(Nickerson and Sakamoto 2010), the Colloquia gather the employees (among oth-
ers) for idea generation.  
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3.4.3.  Results: Developmental Stages and Evaluation 
Within the topics and concepts of the Colloquia, different developmental stages 

can be clustered. These stages show a strong connection to the typical development 
phases of networks (Müller et al. 2015). 

Initiation: The first Colloquia were conducted at the beginning of the first fund-
ing phase of the CoE. Therefore, main aims can be seen in the creation of a common 
purpose regarding a joint vision and mission of the line of research, primarily sup-
porting cognitive & communicative perspectives. 

Interfaces: As a next step, highlighting interfaces between the different disci-
plines and projects became a major element in the concepts of the Colloquia. In 
order to improve interdisciplinary communication, synergies and ideas for new co-
operation should be raised. The focus of this step can be seen in cognitive and com-
municative aspects as interface highlighting results in ongoing exchanges and visu-
alizations. Subsequently, the results were disseminated on a technical perspective 
via the Scientific Cooperation Portal. 

Learning: The third period of Colloquia focused on interdisciplinary mutual 
learning. This concept was promoted by means of presentations in so-called micro-
trainings. These can be seen as a method for supporting an enhanced knowledge 
transfer in a daily working environment (Lukosch et al. 2009). The typical training 
duration has been adapted towards the needs of the participants in the CoE, ranging 
from 20 minutes to 90 minutes. The presentations contain information on the meth-
ods and contents of the diverse disciplines. All aspects mentioned in Sect. 3.4.1 are 
tackled in this step, since learning comprises of cognitive, social, communicative, 
and technical perspectives. 

Sustainability: Despite the end of the second funding period in two years, the 
ongoing Colloquia aim at developing visions for the future. Therefore, deduced syn-
ergies were evaluated in order to set up networking sessions on the project level. As 
a next step, these synergies were used to develop future topics for the CoE. 

All of these topics and concepts have mostly been accompanied by an informal 
part in order to support further professional networking on a personal level. Follow-
ing Gratton and Erickson (2007), this kind of networking encourages the success of 
team work and in particular addresses social and organizational dimensions. 

Focusing on the participants’ perspective regarding the Colloquia, a descriptive 
analysis of the evaluation in a time series can give some hints for the importance of 
these networking events. Figure 7 displays three exemplary questions of the evalu-
ation survey. All questions are answered on a four-point Likert scale, in which “4” 
represents disagreement and “1” agreement.  
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Figure 7: Exemplary colloquia evaluation results in a time series 

In the second founding period of the CoE, all three graphs show an increasing 
development that exemplifies the approval of the depicted topics and concepts. The 
impact of the collaboration especially develops from an average rating of M = 2.5, 
SD = 0.73 in 2013 to M = 2.1, SD = 0.81 in 2015 (1). This can be interpreted as an 
ongoing acceptance of the Colloquia as a cooperation-fostering measure. The other 
two graphs show slightly more volatile behavior – depending on the topic: Whereas 
topics like economic assessment of demonstrators receives M = 3.0, SD = 0.90 in 
2014 (1), idea generation on future research topics seems to be more suitable 
(M = 2.4, SD = 0.90 in 2014 (2)) in terms of suggestions for personal scientific 
work. As a whole, the Colloquia are perceived as vital means for the cluster devel-
opment in terms of physical networking, knowledge transfer and sustainability. 

3.4.4.  Interdisciplinary Training and Next-Level Learning Con-
cepts 

Scientific Cooperation Engineering comprises of a tailor-made training program 
that was developed for training necessary skills for the interdisciplinary research 
environment of the CoE. In addition, Jooß (2014) attested to the importance of qual-
ification programs in the context of interdisciplinary cooperation, demanding “an 
offer of classical and superordinate, interdisciplinary qualification measures”. Thus, 
the training program is based on two pillars.   

As a first pillar, interdisciplinary trainings have been developed that support the 
further integration and comprehension of scientific disciplines by focusing on a cog-
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nitive dimension in particular. In close cooperation with Cluster Management, Sci-
entific Cooperation Engineering coordinates learning activities with the aim of es-
tablishing subject-specific seminars in the field of production technology.  

Interdisciplinary training are cluster-specific seminars that were developed in 
order to support the integration of experts from different scientific disciplines and 
to foster the perception of synergies among the actors in the CoE (Jooß et al. 2012). 
The training sessions were implemented towards the vision of an interdisciplinary 
school of methods (see Figure 8) that consists of various seminar offers aiming at a 
useful skill set for cooperation in the CoE. 

On average, the evaluations of the seminars1 show a broad acceptance – espe-
cially regarding the publication workshop. In 2015 for instance, 43 % of the partic-
ipants voted “strongly agree”, while 57 % “agreed” that “the topics of the seminar 
contributed to a better understanding of interdisciplinary cooperation” (M=1.67, 
SD=0.51). The seminar “Fundamentals and techniques of management cybernetics” 
takes on a special role, as one of the elemental CoE approaches of cybernetics is 
depicted in the seminar and practical guidance is given by this approach. The eval-
uation showed a clear contribution of this seminar towards a common understanding 
of cybernetic principles (M = 1.88, SD = 0.83). The feedback gained from this eval-
uation is used to optimize the seminars towards the needs and aims of the CoE. 

 
Figure 8: Interdisciplinary school of methods 

                                                        
1 All questions are answered on a four-point Likert scale, in which “4” represents 

disagreement (“disagree”) and “1” agreement (“strongly agree”). 
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As the second pillar, Next-Generation Learning Concepts are adapted for the 

CoE and focus, on the one hand, on seminars in a special format: As illustrated in 
Sect. 3.4.2, microtraining sessions were conducted as short seminars during the Col-
loquia of Employees. The presenters of these seminars are members of the CoE 
itself. On the other hand, Scientific Cooperation Engineering currently works on a 
broader approach for the integration of CoE’s topics into learning activities in co-
operation with the Cluster Management. First concepts were created in order to de-
velop a broader transfer of CoE content into social networks, e.g. via constant posts 
and explanation videos for CoE topics. 

3.5. lnterdisciplinary Innovation Management 
André Calero Valdez, Anne Kathrin Schaar, Martina Ziefle 
 
Interdisciplinary collaboration is widely considered to be a solution for complex 

problems that surpass the competencies of individual disciplines. But where disci-
plines have developed methods and communicative patterns that enable fruitful col-
laboration between its researchers, interdisciplinary collaboration lacks these pat-
terns. This brings forward challenges in interdisciplinary collaboration. In order to 
tackle these challenges and reap the benefits of interdisciplinary collaboration, a 
cybernetic management approach is applied in the CoE to ensure innovative pro-
cesses. 

3.5.1.  State-of-the-Art 
No widely accepted definition of interdisciplinarity exists, although a definition 

should be taken seriously (Repko et al. 2013). Interdisciplinarity comes in qualita-
tively different modes of collaboration and research. Depending on the definition, 
distinct or continuous outcomes can be considered interdisciplinary (Aboelela et al. 
2007). For the sake of a common denominator, we consider any collaboration be-
tween two researchers from different fields as interdisciplinary. A simple exchange 
of ideas, complex method integration, and an integration of theories are all consid-
ered as interdisciplinary; given the common aim of solving a problem or optimizing 
research (Lattuca 2002; Deinhammer et al. 2003). Under this assumption, we out-
line benefits and barriers of interdisciplinary collaboration and assume different de-
grees of applicability and severity.  

Experts agree that topics like climate change, demographic change, hunger, and 
energy are too complex to be solved by single disciplines. To face these challenges, 
a vision of interdisciplinary research is needed (Deinhammer et al. 2003; Repko 
2008; Aram 2004; Jungert et al. 2013). This is because often-mentioned benefits of 
interdisciplinary collaboration are the creative breakthroughs (Nissani 1997; Repko 
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2008; Lyall et al. 2011) enabled by the fertilization (Hübenthal 1991) of new col-
laborations. The widening of horizon (Repko 2008) leads to new questions and in-
sights that let researchers overcome the tunnel vision, which is needed to see the 
bigger context. This bigger context might be necessary when dead ends occur (Lat-
tuca 2002) in dealing with the aforementioned global challenges. 

3.5.2.  Methods: Benefits and Barriers of Interdisciplinary Col-
laboration in the Cluster of Excellence 

Aside from necessity, personal benefits come into play, motivating researchers 
to conduct interdisciplinary research as well. Interdisciplinary work is described as 
exciting, interesting and satisfying by scientists (Lyall et al. (2011). Interdiscipli-
nary work may be intrinsically motivating, but must receive organizational support. 
Oskam (2009) even says that researchers must have interdisciplinary training to 
cooperate well in interdisciplinary settings. They need to have thorough disciplinary 
training and interdisciplinary connections to enable innovation processes. Where 
and how this training should be applied depends on the perception of the benefits 
and barriers of the researchers. 

Managing a research cluster like the Aachen House of Production requires ad-
dressing these benefits and barriers in order to leverage their outcome to the fullest. 
Individual differences on how these should be addressed can only be derived from 
empirical social research. Understanding how the benefits affect performance and 
how barriers hinder performance should be examined by interviewing partaking re-
searchers as well as their perception of those factors. Since every research endeavor 
might be unique (i.e., new combination of people and institutions) it is also neces-
sary to identify new factors that affect interdisciplinary collaboration and perfor-
mance. Qualitative research can help understand the connections and the pivotal 
points where these factors become effective. In order to ensure transferability of 
qualitative results, quantitative methods should be used to complete the picture. 

For these reasons, we assessed the perceived benefits and barriers in the Cluster 
of Excellence in a qualitative interview study. The results from this study were then 
verified by a quantitative questionnaire study. This triangulation allowed us to iden-
tify new benefits and barriers as well as quantify their importance as perceived by 
the members of the CoE. Furthermore, we could identify how these benefits and 
barriers can be addressed with individual features of the Scientific Cooperation Por-
tal.  

Six semi-structured interviews were conducted face to face at the participants’ 
workplaces. The main questions were focused on the experience of the researchers 
regarding interdisciplinary collaboration in the CoE. Interviews took between 16 
and 43 minutes, and were recorded and fully transcribed for content analysis ac-
cording to Mayring (2013). In a follow-up study the identified categories were then 
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evaluated for their perceived importance by questionnaire (N = 45). Each benefit or 
barrier should be rated according to its importance (1 = least important, 4 = most 
important).  

3.5.3.  Results from the Benefits and Barriers of Interdiscipli-
nary Collaboration Study 

The categorization of the transcription lead to ten categories regarding perceived 
barriers of interdisciplinary work and eight categories being listed as benefits.  As 
barriers, the strongest and most often-mentioned categories were language and 
missing depth (five mentions each). Language refers back to the problems of com-
munication across disciplinary boundaries. Disciplinary languages differ and may 
use terminology differently – unbeknownst to the communication partner. Often, 
this becomes apparent later in the interaction when details are worked out. The cat-
egory missing depth refers to the feeling of only performing superficial research, 
when interdisciplinary collaboration is conducted. Three other categories were men-
tioned four times each – namely: missing points of intersection, no idea of discipli-
nary potential, and time. Missing points of intersection addresses the interdiscipli-
nary collaboration directly. Researchers felt unable to identify points where their 
research overlapped specifically and collaboration would be fruitful. The next cat-
egory no idea of disciplinary potential also addressed the inability of knowing how 
the other discipline could serve them without being reduced to a mere service and 
not a research endeavor on its own. Time refers to the lack of time researchers felt 
anyways, amplified by the additional requirements from interdisciplinary collabo-
ration. Other barriers mentioned were the sheer size of the cluster (three mentions), 
organizational barriers (three mentions) and different aims (two mentions). As mi-
nor barriers, different approaches and challenges in publishing were identified. 

The most-mentioned benefit was the intrinsic motivation (six mentions) of re-
searchers. Researchers reported that interdisciplinary collaboration sparked their in-
terest and that the interdisciplinary scope itself was the strongest benefit to them. 
They perceived the widening of their own horizon (five mentions) as a strong moti-
vation to take part in interdisciplinary collaboration. Besides these personal aspects 
more general benefits in interdisciplinary collaboration were mentioned. Four re-
searchers each mentioned that the combination of knowledge in interdisciplinary 
collaboration harbors innovation potential and the potential to cover the complexity 
of the world. Leveraging the knowledge network and its new opportunities were also 
mentioned by researchers (two mentions each). One researcher also mentioned get-
ting to know their own discipline through the mirror of other disciplines. 

The quantitative evaluation of the benefits and barriers led to similar results. The 
strongest barriers were: different approaches (M = 2.77), language (M = 2.65), size 
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of cluster (M = 2.65). The weakest barriers were different aims (M = 2.47), publish-
ing (M = 2.42), and organizational barriers (M = 2.11). The other barriers fell in 
between these evaluations. Standard deviations for all barriers ranged between 
SD = 0.63 and SD = 0.95. These numbers denote that all barriers are, on average, 
perceived to be existent but are not so strong. A different picture appeared when 
looking into the quantitative evaluation of the benefits. Here the difference between 
the strongest benefits (widening of own horizon, M = 3.23) and the weakest benefit 
(new opportunities, M = 2.3) were more pronounced. Standard deviations were also 
smaller (SD range: 0.64 – 0.78). This indicates that the benefits are perceived more 
strongly than barriers in our sample. 

3.5.4.  Discussion 
With the findings from both the qualitative and quantitative study we can argue 

that a major effort needed in our research cluster is the facilitation of the communi-
cative capabilities within the cluster. This should address improving the capabilities 
in regard to overcoming the barriers of interdisciplinary language differences. Fur-
thermore, fostering an exchange regarding disciplinary methods, approaches and 
research questions is needed. Using strategic knowledge management to convey 
knowledge about disciplinary differences and to establish a common language is 
recommended. In the following section, we show how the scientific cooperation 
portal addresses these benefits and barriers in each of its features. 

3.5.5.  Mapping to the Scientific Cooperation Portal 
The Scientific Cooperation Portal (see Sect. 3.7) provides various features that 

help overcome barriers of interdisciplinary work and leverage perceived benefits. 
The cluster terminologies app for example addresses both the strongest barrier (i.e., 
language) and the strongest benefit (i.e., widening of own horizon). By visualizing 
the usage of terminologies in different disciplines, researchers are able to glimpse 
into different terminologies while at the same time overcoming the interdisciplinary 
language barrier. For all barriers and benefits we found functions in the scientific 
cooperation portal (see Figure 9). 
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Figure 9: Mapping of benefits and barriers to the functions on the Scientific Coopera-
tion Portal 

3.6. Perception of Scientific Success from Different Disciplinary Per-
spectives 

André Calero Valdez, Anne Kathrin Schaar, Martina Ziefle 
 
As seen in the previous section, benefits and barriers play a key role in fostering 

interdisciplinary collaboration and performance. Still, the meaning of what perfor-
mance in an interdisciplinary setting constitutes is objectionable. Finding a shared 
vision of scientific success in an interdisciplinary setting is crucial to steering the 
endeavor.  

The CoE follows a cybernetic management approach. This means that key per-
formance indicators are measured and evaluated to derive actions to steer the CoE 
to success. One measure that is particularly hard to define is success in science. This 
is due to differences between disciplines in culture, method, and publishing behav-
ior that reflect on typical scientific indicators. Possible indicators are related to pub-
lications, acquired third party funding, prizes, established collaborations and many 
more. All of them are dependent on factors that are defined by the individual disci-
plines. 
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3.6.1.  State-of-the-Art 
Good examples of the multitude of possible indicators are bibliometric indicators 

(Persson et al. 2004). Counting the number of publications is a measure of scientific 
productivity – the more you write, the more productive you are. However, compar-
ing publication output between researchers is not this simple. Senior researchers 
often supervise younger researchers and become co-authors of their articles as well. 
Larger hierarchies thus lead to longer co-author lists. Fractional counting alleviates 
this partially, as an individual publication count must be shared between its authors. 
But math alone is not the problem here: Differences between disciplinary cultures 
in how many co-authors are acceptable for a publication are only the tip of the ice-
berg of the differences between disciplinary publishing cultures. The extremes of 
particle physics with articles that have over thousands of authors and sociology with 
mostly monographies demonstrate the breath of disciplinary differences.  

Trying to measure scientific impact (often done by citation-based metrics) makes 
this problem even worse (Bornmann et al. 2008). Not only do disciplinary citation 
cultures come into play (e.g., how many references per article?), but also the sheer 
size of the community determines the possible citation limits. For this reason re-
searchers from medicine often get the highest citation impact in comparison to other 
disciplines. Many other factors influence citation impact (e.g., citation half-life, ci-
tation lag), which also depend on disciplinary culture. But even within relatively 
similar subjects (e.g., particle physics and condensed matter physics) methods and 
publication behavior differ (Alexander von Humboldt-Stiftung 2009).  

In order to understand how the disciplinary differences play out in the CoE, we 
conducted a survey on the perception of scientific success factors with the members 
of the cluster. The purpose of this study was to assess the influence of scientific 
success factors and how they are influenced by the disciplines present in the cluster. 
In the end, the results may be used to measure scientific success appropriately 
within the CoE – and fairly for all disciplines. 

3.6.2.  Method 
The study was conducted using an online questionnaire survey. As independent 

variables demographic factors and disciplinary background of the participants were 
assessed. Then, as dependent variables, the perceived importance of six criteria 
were evaluated from five perspectives. The criteria were industrial funding, third-
party funding, publications, student supervision, teaching, and patents. The per-
spectives were: own point of view, project, department, university, and community. 
Each combination was phrased and agreement with the phrase was rated on a six-
point Likert scale (e.g., “From my point of view publications are important when 
evaluating scientific success.”). Participants were allowed to give comments on the 
survey. 
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Of the 180 researchers addressed in the study, 66 started the online questionnaire 

and 52 completed the survey. Out of the sample 79 % were male, and most partici-
pants had obtained a master degree or similar. Only ten participants already held a 
PhD. Most participants came from the field of mechanical engineering (73 %), fol-
lowed by material science (16 %). Only four participants came from the field of 
mathematics, physics or computer science; and just two from psychology and soci-
ology. 

3.6.3.  Results 
In general, a strong agreement between the perspectives for all scientific success 

criteria was found. Strong differences were identified in particular for industrial 
funding and teaching. The importance of industrial funding was seen as lower from 
the researchers’ perspective than from the university’s perspective (see Figure 10). 
Another contrast could be seen for teaching. Researchers perceived teaching to be 
highly important as a means of measuring scientific success, but felt that neither the 
project nor the community valued it as much. Overall publications were perceived 
most unanimously for all perspectives as the most important criterion for scientific 
success while teaching was perceived as the least important.  

3.6.4.  Discussion 
In order to understand the influence of the discipline on scientific success criteria 

– or at least the perception of it – a survey in the CoE was conducted. Differences 
in perspectives for some of the criteria that were measured were found. Sadly, only 
find weak differences could be pinpointed between the disciplines in the cluster in 
question. This could be due to sample limitations in the study. Most of the research-
ers in the sample came from the field of mechanical engineering. The other re-
searchers clustered only in little numbers in few different fields. No statistically 
relevant information could be extracted from comparison of means in this case. For 
this purpose, the study will be extended to another research cluster and a ‘Sonder-
forschungsbereich’ (SFB) in order to boost the sample size of the other fields. 

Nevertheless, it can be argued that publications are indeed seen as important cri-
terion when measuring scientific success. Other factors are seen as important as 
well, and a metric measuring scientific success from these key performance indica-
tors not only should include publication data, but also acquired funding, patents, 
and teaching activities.  

Participants used the chance to give comments in the questionnaire extensively. 
A comment that recurred often was that not only the quantity of publications should 
be considered, but also the quality of the publications. This also reflects upon other 
difficulties that may arise from interdisciplinary collaboration. Differences in pub-
lishing culture arise from differences in values and goals that must be unified to 



30  

 
 
 
 

achieve interdisciplinary success (Blackwell et al. 2009). This challenge is ad-
dressed in Sect. 3.9. 

 

 
Figure 10: Perceived importance of criteria of scientific success from different perspec-
tives. A higher bar means that the importance of the criterion is perceived higher. Error 
bars denote standard errors. 

3.7. Scientific Cooperation Portal 
Günther Schuh, André Bräkling 
 
Beyond physical networking and training approaches, a permanent virtual plat-

form called Scientific Cooperation Portal (SCP) is also provided to support the in-
terdisciplinary location and time-independent collaboration within the CoE (see 
Figure 11). Based on the open source community portal Liferay2, the SCP offers a 
broad set of information and collaboration features like CoE news, cluster infor-
mation, an event calendar, seminar registration, member profiles, a filespace includ-
ing version control and seminar registration (Vaegs et al. 2014). The cluster infor-
mation contains basic information, like an introduction text and descriptions of the 
several sub-projects, but also technology datasheets that show the competences of 
                                                        

2 https://www.liferay.com/ 
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the CoE’s actors. Furthermore, each sub-project is able to run its own sub-commu-
nity with additional components like a discussion board, a wiki, and a task manage-
ment tool. 

 
Figure 11: Screenshot of the Scientific Cooperation Portal 

In the next section, an overview on related research is given. During the opera-
tion of the SCP, quantitative analyses and qualitative user studies were performed, 
which results are described in Sect. 3.7.3 and 3.7.4. 

Besides, the SCP is a technical frame for additional applications, in detail: the 
Cluster Terminologies (see Sect. 3.8), the Collaboration Graphs (see Sect. 3.9), the 
FlowChart (see Sect. 3.10), and inquiry and information linking tools (see Sect.  
3.7.6). 

3.7.1.  State-of-the-Art 
As already mentioned before, interdisciplinary research and scientific coopera-

tion are important drivers for innovative knowledge production (see Sect. 2). This 
interdisciplinary nature requires collaboration and technology transfer between sev-
eral scientific areas and research fields, between academic research and potential 
industrial partners, but also between academia and the public in case of publicly-
funded projects (Schuh et al. 2014; Schuh and Aghassi 2013). 

This results in a common usage of documents, which becomes cumbersome be-
cause different systems are used and necessary data is distributed over several, non-
integrated systems (Jeners 2015). To close this gap, the CoE set up the SCP as a 
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central collaboration platform and decided to use modern web technologies and so-
cial media approaches that support knowledge and technology transfers (Leonardi 
2014; Leupold 2010).  

3.7.2.  Method 
To rate the established platform’s success and the community’s health, several 

metrics are known like active users, page views or actions (like uploading or down-
loading a document).  Matthews et al. (2013), however, showed that member views 
were “by far the most-used health indicator”. 

On account of this, we observed the quantitative usage, before we validated and 
extended the findings by user questionnaires.  

To get quantitative data about the SCP usage, the open source analytics tool 
Piwik3 was used between October 2013 and April 2015. By adding a few lines of 
code to each single page, the tool is able to measure page views, the time spent on 
each page, the movement path, user configuration details and much more. The re-
sults are discussed in Sect. 3.7.3. 

Towards the end of the quantitatively observed period, two user questionnaires 
were conducted to gain a more detailed insight into the users’ expectations and per-
ceptions. The detailed proceeding and results of both questionnaires are shown in 
Sect. 3.7.4. 

3.7.3.  Quantitative Usage Analysis 
The data of 925 unique sessions4, which were measured by Piwik, showed that 

an average user visited about 10 pages per sessions. These sessions took 10 minutes 
and 45 seconds on average. 

The different pages of the SCP were clustered into 7 superior sections: 
§ Cluster-Information: Pages giving a description of the CoE itself and 

demonstration sites of upcoming portal features. 
§ News: Pages showing current news and giving an overview of the ac-

tivities inside the portal, including the homepage. 
§ Events: The calendar page and all pages containing information about 

upcoming events. 
§ Members: The member overview page and the specific member pro-

files. 
§ Filespace: The portal’s filespace section containing all CoE documents, 

templates and publications. 

                                                        
3 http://piwik.org 
4 Due to several user configurations, not all sessions were measured – e.g., if 

JavaScript was blocked. Also mobile sessions were not included. 



33 

 
 
 
 

§ Seminars: Pages offering information about seminars and pages to reg-
ister for a seminar. 

§ Help: Pages containing portal related help. 
 

 
Figure 12: Distribution of portal section views between October 2013 and April 2015 

The most used portal sections were Filespace and Events, as shown in Figure 12. 
Even the News section, which contains the homepage shown to every user after 
login, was viewed less. The general Cluster Information and the Members section 
were infrequently used, while the Seminars and the Help section were hardly ever 
accessed. 

3.7.4. Qualitative User Questionnaire 
A group of users (Group 1) had to fulfill concrete tasks using the SCP and to 

answer a questionnaire. Based on these results, a second user group (Group 2) was 
asked to do the same with a revised SCP. Major changes were an update to the latest 
software version Liferay 6.2 and a simpler user interface. 

Table 2: For which purpose are you using the SCP? (1 = strongly disagree, 6 = strongly 
agree) 

 Group 1 Group 2 

Item n Mean (SD) n Mean (SD) 

Knowledge Management 4 3.50 (1.00) 6 2.67 (1.51) 

Communication 4 1.50 (0.58) 6 2.33 (1.75) 

Information Search 4 3.75 (1.89) 6 4.83 (0.75) 

Filespace
37%

Events
28%

News
21%

Cluster-
Information

6%

Members
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Help
1%

Seminars
1%
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As shown in Table 2, users of both groups prefer to use the portal as a knowledge 

management platform. This fits the findings of the quantitative study, which showed 
that most users focus on Filespace. 

Table 3: How strongly do you agree with each of the several statements? (1 = strongly 
disagree, 6 = strongly agree) 

 Group 1 Group 2 

Item n Mean (SD) n Mean (SD) 

I would find the SCP useful in my job. 5 4.80 (0.84) 5  4.40 (0.55) 

My superiors were helpful in using the 
SCP. 4 2.00 (0.82) 5  1.60 (0.55) 

The SCP is compatible with other sys-
tems I use. 5 2.00 (1.73) 5  2.80 (2.05) 

The SCP allows me to complete my 
tasks more quickly. 5 4.20 (1.30) 5  3.20 (0.84) 

The SCP will improve my productivity. 4 2.75 (1.50) 5  3.00 (1.00) 

I find the SCP easy to use. 5 2.80 (1.64) 5  3.80 (0.45) 

I think that I would like to use the SCP 
frequently. 5 3.80 (1.92) 5  4.60 (0.55) 

I thought there was too much incon-
sistency in the SCP. 5 5.00 (1.22) 5  3.20 (1.30) 

 
Overall, most attendees can imagine using the portal regularly (see 
As shown in Table 2, users of both groups prefer to use the portal as a knowledge 

management platform. This fits the findings of the quantitative study, which showed 
that most users focus on Filespace. 

Table 3). The new version of the SCP improved several usability ratings, but also 
got a worse rating in task processing time. Presumably, this is caused by a missing 
period of getting accustomed to the new version. The entire results are shown and 
discussed by Schuh et al. (2016). 
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3.7.5.  Usage Barriers and Usability Findings 
Following the previous results, most users prefer to share files and get infor-

mation using the portal. It is not used for communication and rarely for knowledge 
management tasks. Accordingly, the portal is not used constantly, but in case that 
documents are required or the submission of documents or results is required. 

Analyzing the results of the qualitative questionnaire, the users see the benefit of 
the provided portal, but are dissatisfied with the usability, and criticized inconsist-
encies within the old version. Based on the new version (see Figure 11) these issues 
are partly resolved. The impact on user behavior has to be observed in the future. 

Noticeable is the rating on support given by superiors. The attendees disagree on 
the statement “superiors were helpful in using the SCP”. Several discussions 
showed that, in most cases, only project leaders manage the file exchange within 
the portal. 

Therefore, in addition to overworking the software’s usability, feature offerings 
for project members should be improved so that not only project leaders see a need 
to use the portal. Superiors should also encourage project members to use the portal 
and offer support if necessary. 

Furthermore, support questions showed incomprehension related to the portals 
structure and permissions inside the system. User roles and user permissions should 
be clarified and visible in the future. 

Finally, the results also show a relation between content and usage. All sections 
that produce new content regularly – the Filespace, News, and Events – were also 
visited regularly. In contrast, the Seminars section has not been updated since early 
2014, which fits with the users’ disinterest shown in the statistics. 

In summary, we can mention these findings: 
§ The portal structure and the user’s permissions have to be clear and 

consistent. 
§ The features should address all existing user groups, and the usage 

should be motivated and supported by superiors. 
§ The content should be relevant and always up to date. 

3.7.6.  Outlook: Intelligent Inquiry Tools and Information Link-
ing 

To support the internal organization and management of the CoE, the database 
of the RWTH Aachen University Library was linked to the SCP. This allows listing 
all cluster-related publications, and is used to create the collaboration graph (see 
Sect. 3.9). 

Furthermore, the portal allows uploading technology datasheets and to link these 
to users or their facilities that offer related technology knowledge. 
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Additionally, a focused crawler is under development. In contrast to a typical 

web crawler, a focused crawler is trained to collect data related to a defined context 
(Chakrabarti et al. 1999). In conjunction with the CoE, the crawler is intended to 
take each sub-project’s material as training data to monitor selected research data-
bases for new publications fitting the sub-project’s interests. First thoughts on a 
configuration model to prepare such crawlers are presented in Schuh et al. (2015). 

3.8. Cluster Terminologies: Data Science in  
Cooperation Engineering 

Thomas Thiele, Claudia Jooß, Anja Richert, Sabina Jeschke 
 
As mentioned in Chap. 3.7, Scientific Cooperation Engineering contains virtual 

approaches to support the communication and networking among the actors. The 
Cluster Terminologies extend this aim towards the utilization of data science as a 
mean of knowledge and cooperation engineering. Therefore, cooperation engineer-
ing is interpreted as the establishment of topic-based links between entities (e.g. 
projects). The Cluster Terminologies represent one possibility to address this link-
age by the use of Text Mining and Visual Analytics.  

3.8.1.  State-of-the-Art 
In the context of this chapter, the term Cluster Terminologies can be defined in 

two ways. First, it represents one possibility to address an empirically proven de-
mand of the actors in the CoE. Jooß pointed out that a visualization of interfaces as 
well as the exchange on terminologies are important aspects when focusing on the 
actors’ perspective. These features can be seen as requirements in the development 
for the Cluster Terminologies: 

§ “Exchange and terminology: A constant communicative exchange is im-
portant in the context of interdisciplinary collaboration. This exchange is 
based on acquiring a common understanding of terms.” (Jooß 2014) 

§ “Visualization of the vision: In the context of interdisciplinary collabora-
tion, it is important to raise awareness for the (interdisciplinary) vision. It 
is based on the visualization and localization of the individual projects and 
involved researchers.” (Jooß 2014) 

§ “Identification and visualization of interfaces: A localization of individual 
researchers involved, projects and contents into the overall context is im-
portant as far as interdisciplinary collaboration is concerned. Interfaces can 
be identified and further processed by means of visualization.” (Jooß 2014) 

Second, the Cluster Terminologies are implemented as a virtual mean and can 
be defined as a tool that is used for cooperation support. Hence, the primary meth-
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odology is based on a technical framework. This framework is able to provide def-
initions of terminologies which enable scientists to recognize further research ac-
tivities in the CoE and to depict interfaces between them (Thiele et al. 2015). This 
so-called Terminology Framework is then used in form of an application, the Ter-
minology App on the Scientific Cooperation Portal (see chapter 3.7). This tool aims 
at the support of the development of and the semantic negotiation towards a com-
mon understanding of terminologies. The topology of the dependencies between the 
publication database, the framework, and the app is displayed in Figure 13. 

 
Figure 13: Entity Relationship Diagram of the Cluster Terminologies 

Currently, this development is fostered by physical networking events (see Sect. 
3.4). Although these means have proven as a vital concept of the networking strat-
egy of the CoE, they can be supported with a terminology framework. The benefits 
are displayed via faster information processing as well as a place and time-inde-
pendent availability of information (Eppler 2007). 
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3.8.2. Method: Terminology Framework  
The main aim of the Terminology Framework is characterized by the processing 

of scientific publications in order to derive the research terminologies of the CoE. 
To enable this processing the Terminology Framework is based on Text Mining that 
is used to transform the publications into a vector space model. This transformation 
allows the statistical examination of the publications as they “are represented in 
high-dimensional space, in which each dimension of the space corresponds to a 
word in the document collection” (Manning and Schütze 2003).  

At first, the extraction of terminologies from CoE publications is outlined. The 
extraction process consists of several pre-processing steps aiming at a vectorial rep-
resentation of those publications. This so-called feature vector represents a statistic 
form of the publications that is accessible via Text Mining Algorithms and contains 
term-dependent frequency measures as well as metadata. In order to allow faster 
access, the features are transferred to an underlying NoSQL database. It results in a 
flexible alignment of features, as the collections of terms and their frequencies can 
be retrieved depending on the use case and the aim of the database query. The ex-
tracted terms can be automatically enriched with metadata like publication date, 
project affiliation or names of authors. This metadata can then be used to supple-
ment user-specific visualizations in the Terminology App.  

After extraction, the next step contains a mapping to derive connections between 
entities in the CoE based on the underlying statistics. As there are twelve projects, 
they serve as the thematic layer that provides a common ground for exploring con-
nections by means of their research topics and related terminologies. Therefore, two 
tasks arise: The first task entails modeling the topics of projects from the extracted 
terminologies. Within this context, algorithms like Latent Semantic Analysis (LSA) 
and Latent Dirichlet Allocation (LDA) are applicable. The LSA covers the aspect of 
similarity between different terminologies: By means of comparing different simi-
larity matrixes between terminologies, features are computed aiming at a statistical 
description of different meanings based on their context (Wiemer-Hastings et al. 
2004; Landauer 2014). Furthermore, the LSA creates a semantic reduction by the 
application of a Single Value Decomposition to the terminologies. As a result, only 
the most important terminologies of the current discourse emerge (Thiele et al. 
2015). 

On that basis, LDA provides topic mapping at a project level. Following the idea 
that documents can be interpreted as random mixtures over topics, each topic can 
be characterized by a word distribution (Blei et al. 2003). Each distribution is de-
fined by a multinomial spreading over the terminologies (Hoffman et al. 2010). The 
combination of LSA and LDA results in the definition of statistical project topics, 
in which meaning similarities between the topics are evaluated. 
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The results are further evaluated in a classification process. By the use of classi-

fication algorithms “the task is to classify a given data instance into a pre-specified 
set of categories” (Feldman and Sanger 2007). Applied to the project topics, inter-
faces between the projects are derived: The topics of one project are classified to 
the topics of all other projects in the CoE.  

As a primary outcome, the classification process creates a prediction that deter-
mines how semantically close the classified topics and – as a consequence – the 
projects are. The metrics of the visualization are derived from this classification 
process aiming at a data-driven visualization. This visualization is accessible and, 
thus, usable by the actors of the CoE to initialize and support the communication 
and networking activities. The main benefit of this process lies in the statistical de-
termination of interfaces that also includes a probability as a statistical measure of 
“quality” for the depicted interfaces. Hence, not only a simple prediction is pro-
vided, but also a statement on how the topic overlaps the mapped projects and terms. 

3.8.3. Terminology App Functionalities 
On the one hand, the Terminologies Framework allows the gathering of term 

spaces individual to the project, and a state-of-the-art overview of project topics and 
thematic interfaces based on the CoE’s publication database is created on the other. 
In order to create further use of these results, a user interface for the actors in the 
CoE is currently under development: the Terminology App.  

Using the technical framework of the Scientific Cooperation Portal (see Sect. 
3.7) the Terminology App is part of the virtual method suit for the CoE (Vaegs et al. 
2014). As depicted in Chap. 3.8.2, the underlying Terminology Framework serves 
as the engine to enable various knowledge management functionalities. First, all 
Cluster Terminologies can be enhanced with additional information by its users. 
This includes short and long definitions of terminologies, an assignment of each 
terminology to a scientific discipline, and further references (Vaegs et al. 2013a). 
Furthermore, functions are implemented that facilitate an easy-to-use information 
retrieval. A search function for Terminologies as well as an alphabetical glossary 
(Yao et al. 2007) are also included. 

The main core of the Terminologies App is characterized by the implementation 
of various data-driven visualizations of the dataset. The visualization is computed 
with the underlying Terminology Framework. A tree graph that depicts the inter-
faces and the predictions of projects as well as the similarity between terminologies 
of visualizations is currently under development. This visualization depends on the 
user’s own project affiliation and is centered on the terminologies of this project. 

The tree graph connects the different projects and terms, if a similarity has been 
detected. By means of this type of graph as well as the coloring, different meanings 
are presented in one visualization (see Figure 14). The blue lines depict interfaces 
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between projects, for instance, between P1, P2 and P4. As there is no blue line be-
tween P3 and the other projects, no computed statistical interface between this pro-
ject and the others exists. 

 
Figure 14: Exemplary visualization of a Terminologies Tree Graph (Thiele et al. 2015) 

The green lines connect terminologies that are semantically related. There are 
several possible explanations for this relationship. The simplest reason is that the 
terminology belongs to the project itself. If a terminology (e.g., T2) is part of the 
terminology corpus of two projects (e.g., P2 and P4) and the LSA has proven that 
there is a semantic relation between the terminologies, it is connected to both pro-
jects. A third case occurs if two terminologies are different with respect to its 
spelling while similar regarding its meaning. In this case, it is likely that the LSA 
detects a semantic similarity, which then results in a dashed line in the visualization 
(e.g., T4 and T7). 

The Terminologies App comprises of various tools that visualize thematic inter-
faces and topics – but it is only a first step towards initiating further cooperation in 
the CoE. This first step primarily includes the creation of awareness: Only if a sci-
entist knows about the topics in the CoE and the persons related to them, she or he 
is able to interact with them. The development of a common understanding overre-
search topics is also tackled, as an advanced understanding of different terminolo-
gies is emphasized (Vaegs et al. 2013a). 

The Terminology App represents a virtual mean of cooperation support that tries 
to enhance physical networking processes by the creation of transparency regarding 
the topics in the CoE. In addition, the user is able to access these pieces of infor-
mation without his or her personal effort. Although the computed interfaces serve 
as a first enabler of cooperation, the next step has to be a semantic negotiation on a 
personal level (Thiele et al. 2015). Therefore, the Terminology App serves as a first-
step information system supporting a more purposeful approach in networking for 
cooperation support. 

3.9. Visualization of Collaboration as a Means to Support Interdisci-
plinary Cooperation and Integration 

André Calero Valdez, Martina Ziefle 

Legend 
 
Ti   ≙ Word (resp. terminology) 
Pi   ≙ Project 
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Tackling the challenges of a cluster that is both large and has to deal with fast 

staff turnover must include strategic knowledge management. The hard question is 
where to integrate the knowledge management processes. One of the main results 
from our study of interdisciplinary success factors was that publications are unani-
mously seen as an indicator of scientific success in the CoE. This led us to the con-
clusion that publications could be used not as a key performance indicator but also 
as a means for knowledge management. The idea is to visualize publication efforts 
from the cluster in a way that it fosters both knowledge integration and collabora-
tion. 

3.9.1.  State-of-the-Art 
Publication-based indicators have been proposed as means to steer scientific en-

deavors in various places. Jaeger (2008) argued for the use of indicators such as 
publishing output and citation impact as a means of motivation in university set-
tings, with the additional finding that they are caused by more transparency and not 
financial incentives. Most criticism is caused by the design of individual indicators 
and their imperfections in comparing different disciplines. 

In a cybernetic approach indicators are not only used as a means of steering the 
cluster but also as a means to communicate the status quo to the members in the 
cluster. Therefore, an approach should be used that integrates visualizing publishing 
indicators not just to measure success but also to improve knowledge management. 
This should improve the motivation of researchers to improve their publication out-
put as well as take part in interdisciplinary exchange. No financial incentive is used. 

Visualizations of publications have been used in various contexts. Often visual-
izations are used to show how researchers, institution (Perianes-Rodr\’\iguez et al. 
2010) or nations have collaborated in science in so-called co-authorship graphs (Ku-
mar 2015). Beyond showing who has collaborated with whom, visualizations have 
been used to show how topics have evolved in keyword based graphs (Bruns et al. 
2015; Calero Valdez et al. 2015). These graphs visualize how authors have used 
certain keywords over time and how their use has changed. By visualizing co-cita-
tion in graphs, one can see how a certain publication is being used in different set-
tings (White and Mccain 1998). 

Beyond visualization efforts, social network approaches have been implemented 
to foster knowledge exchange and collaboration. Academic social networks such as 
academia.edu, Mendeley, and Researchgate collect author information and present 
those in author profiles. Here, researchers can connect with their peers in their com-
munity and find relevant publications. Microsoft Academic Search and Arnetminer 
offer visualizations that show how researchers are connected in their co-authorship 
network.  
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In our approach we try to combine the results from academic social networks 

and graph-based visualizations with recommender systems to provide tailored sup-
port to the CoE (Vaegs et al. 2014) and to understand the influence of interdiscipli-
narity on publishing (Holzinger et al. 2013; Calero Valdez et al. 2014).  

3.9.2.  Publication Visualization on the Scientific Cooperation 
Portal 

The SCP offers social media capability by providing each researcher with a pro-
file. By connecting the SCP with the library database of the university, we obtain 
full information on the publications of each individual researcher without the hassle 
of using external databases. This helps overcoming problems such as meta-data ex-
traction or identifying individual researchers from last names.  

The main idea of our publication visualization is to view the publications from 
the CoE and their keywords. The profiles of the users contain research interests (also 
generated from publication data), which can be used to pre-filter data to improve 
the visualization scope.  

Our visualization starts by showing all publications and their related topics (see 
Figure 15). Then, the user may filter the graph by entering keywords, titles, authors 
or outlets. Each keyword is measured against a relevance threshold. This allows 
determining the main content of the publication in relation to all listed keywords. 
With this information we can show a profile-based visualization that only shows 
publications that are relevant to the user.  

  
Figure 15: Publication visualization used to show how publications are related to dif-
ferent keywords 

The aforementioned threshold can then be adjusted using a slider by the user to 
also view publications that are related to his keywords but not in the center of his 
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focus (see Figure 15). A user that is looking for self-optimization could then also 
find articles that deal with cognition or different related keywords.  

Our second visualization shows the organizational structure of the cluster and 
can be used to interactively explore keyword relationships between authors. 

 

Figure 16: Collaboration visualization using bubble-bag visualization. Suggested col-
laborators are highlighted in different colors 

By hovering over an author node, all other authors that published to similar key-
words light up indicating possible collaborators. When clicking on a node, a full list 
of the author’s publications is shown, which is also filterable (see Figure 16). The 
profile of the user also shows immediate contact information, so that a user may 
immediately contact the possible collaborator.  

3.9.3. Evaluation of the Visualizations 
In order to ensure that our visualizations are seen as helpful by the researchers, 

the software was evaluated with members of the CoE. For this purpose, two user 
studies were conducted – one for each visualization.  

Both user studies were conducted using a task-based analysis. Users had to per-
form tasks in a prototype with little instruction and were afterwards asked to fill out 
a questionnaire to report their impression of the prototype. Questions were asked 
for the System Usability Scale (SUS) (Brooke 1996) the Net Promoter Score (NPS) 
(Reichheld 2003) and used some of the items on the ResQue Recommender Systems 
Evaluation scale (Pu et al. 2011). All user interaction was video recorded and tran-
scribed for later analysis. 



44  

 
 
 
 
In the user study evaluating the collaboration suggestion visualization (Study 1, 

see Figure 16) 16 researchers participated; while in the other 20 researchers took 
part. The average age was around 33 years in both samples. About half of the par-
ticipants in both studies were female. 

Overall, both visualizations received positive usability evaluations (SUS1 = 81.5, 
SD = 2.17, SUS2 = 82.5, SD = 24.4). The NPS was low for the first study (NPS = -7) 
and high for the second prototype (NPS = 40). This result led to the decision to fur-
ther examine the second prototype (keyword-publication-graph, see Figure 16). 

For the second prototype some interesting qualitative findings were found. Users 
were applying different search strategies depending on their degree of experience. 
More experienced researchers were using the filtering system in a drill-down fash-
ion. They first picked a keyword suitable for their search and then filtered the results 
set further to find a specific publication. The less experienced researchers imple-
mented an incremental bag strategy. They searched for relatively specific terms and 
incremented the result by adding further keywords to their search.  

When asking them how well they liked the visualization for different tasks in 
comparison to search engine results presentations (i.e. lists), all researchers pre-
ferred the visualization rather than typical list-based presentations. The only excep-
tion to this rule was in cases where a researcher was looking for a specific publica-
tion and when they knew the full title of the publication. This finding was expected, 
as the visualization changes in every search and no spatial information can be used 
to re-find results from older searches. 

The positive evaluation of the second prototype must be seen in the context of 
the experiment. Researchers were asked to test an interactive visualization in a time-
constrained setting with no time pressure as in real life. Whether these findings hold 
in an everyday setting, must still be seen. Still, one user reported having used the 
visualization to look for an article when writing a publication. At the time of writing, 
the database “connection” with the library database was a one-time synchronization. 
When the system automatically updates to the current status, more use-based eval-
uations in everyday work can be derived. 

3.9.4.  Interdisciplinary Publication Workshops 
As an additional measure to foster collaboration between different disciplines, 

publication workshops are conducted twice a year. These workshops are conducted 
with about eight researchers as full-day seminars. In these seminars researchers are 
asked to share their experiences with publishing in a protected environment. The 
workshops are designed to share hands-on experience on writing publications in 
interdisciplinary settings as well as giving tutorials on how to use publications tools 
(e.g., databases, reference management).  
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Most of the time researchers are unaware of the disciplinary differences in pub-

lishing outlets (e.g., computer scientists mostly publishing at conferences). But also 
organizational differences that may be unknown to other researchers have implica-
tions for practical purposes. Understanding how publishing works at other depart-
ments helps researchers understand how to improve their writing process to over-
come typical organizational barriers when deadlines near. The workshops were also 
evaluated positively. All participants reported to have gained practical knowledge 
that was helpful to their everyday work. 

3.10. Research Planning Using the FlowChart Tool 
Ulrich Jansen, Wolfgang Schulz 
 
Clear communication and a common understanding about the research process 

are crucial elements in research collaborations with multiple partners involved. To 
support the knowledge and cooperation engineering field of action inside Cross Sec-
tional Processes 1, a web-based research planning tool is developed and tested in-
side the CoE.  

Project planning and managing tools of different complexity exists – but these 
tools suffer from poor usage in research projects. Literature review on so-called 
Project Management Information Systems lead to key features for project planning 
systems. Additional requirements analysis leads to a lightweight and easy-to-use 
standardized project planning form that is implemented as a centralized web-based 
tool. A small usage study of the tool is carried out in the developing department and 
enhancements of the concepts are derived from interviews. In 2016 the tool will be 
rolled out on the Scientific Cooperation Portal, and a study about usage and effects 
on project performance will be accomplished. 

3.10.1. State-of-the-Art 
Project planning and scheduling tools exist and – if these tools have extendable 

items that can handle additional information – these tools are called Project Man-
agement Information Systems (PMIS). To indicate that PMIS need to be flexible 
enough to cope with changing demands during the project lifetime (Jaafari and 
Manivong 1998) extends this term to Smart PMIS. Jaafari defines five main capa-
bility items for a Smart PMIS: 

1. Management and real-time control of information relevant for a project 
2. Integration of information across the entire lifetime of a project, including 

initial feasibility analysis and final post-project phase 
3. Processing and reporting capabilities like alerts and decision impact meas-

urements 
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4. Real-time management support by objective functions like cost/worth ratio 
(Jaafari calls this proactivity facilitation)  

5. Integration into existing systems to provide all relevant information to all 
members of a project team 

Using these capabilities, 25 functions of an idealized PMIS are posed. 
An empirical study on impact of PMIS on project success is performed by (Ray-

mond and Bergeron 2008b) using questionnaires. A five-component success model 
is specified which is connected by hypotheses that have been tested by a question-
naire with 39 valid returns from project managers. A significant impact on project 
success by use of PMIS is concluded. 

The importance of good quality information of PMIS was analyzed by (Caniëls 
and Bakens 2012). A spillover effect was found in multi-project environments – so 
if the PMIS offers poor quality information for one project, project managers as-
sume poor information quality for other projects too. Thus, PMIS should provide 
good quality information for all projects in a multi-project setup to furnish satisfying 
results for decisions made by PMIS information. The importance of good quality 
information for success and acceptance of PMIS was also found by (Tromp and 
Homan 2015). 

3.10.2. Method 
To support the CoE in a goal-driven proactive praxis in project and research 

management, a reduced PMIS is developed inside Scientific Cooperation Engineer-
ing as a web-based application. This application is called FlowChart and it provides 
a graphical representation of the project’s initial situation, the project objectives and 
the project tasks or work packages. To develop this tool, an expert interview based 
requirements analysis is carried out in the developing department. The derived re-
quirements are grouped to functional and non-functional ones. Important non-func-
tional requirements include extensibility and flexibility, integration into existing 
systems and licensing costs. Especially because of these non-functional require-
ments the decision was made to develop an in-house solution for the FlowChart 
tool. The developed FlowChart Tool is beta-tested inside the developing depart-
ment and prepared for the SCP release in 2016. 

3.10.3.  Requirement Analysis 
Existing project planning tools suffer from poor usage in research projects. A 

precise requirements analysis is demanded to ensure that the FlowChart tool will 
generate a real benefit inside the CoE. The requirements analysis is carried out in-
side the developing departments modeling and simulation at Fraunhofer ILT and at 
the NLD chair of RWTH Aachen University. The typical structure of research pro-
jects is analyzed and a common pattern is found. Typical running times of projects 
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range from a few months up to one year. Publicly-founded projects with larger run-
ning times usually can be split into single phases and handled as consecutive pro-
jects. Each project has an initial situation that represents the state of current re-
search, available methods, and tools and the capabilities of all project partners. 
Typical project objectives aim at optimization of production processes, enhance-
ment or redevelopment of tools or the increase of process understanding. 

By analyzing requests for research projects and feedback of partners on project 
results, three main problems were identified that may lead to unsuccessful projects 
or dissatisfying results: 

1. Model assumptions are not fully understood by the client or partner. This 
refers to the applicability of a specific tool or method for a certain research 
question. Most likely the selected tool or method is not suitable for the an-
alyzed use case. 

2. Incorrect application of existing tools and solutions. The tool or method is 
suitable, but not used correctly. 

3. Client side application of results is inoperative or dissatisfying. Important 
assumptions and parameters do not apply for the machine or specific use 
case of the customer.  

To ensure satisfying project results, three crucial elements for successful research 
cooperation are identified: 

1. Clear communication with each research partner. 
2. Limitations for derived measures have to be recorded and communicated. 
3. A flexible research plan as a classical straight forward project schedule is 

not well applicable as it does not reflect the real systematic trial-and-error 
approach in research projects. 

The FlowChart tool is developed as a standardized web-tool to offer an easily un-
derstandable and easily applicable form for the common research plan. The tool 
provides a basis for communication between project partners and has to fulfill the 
following requirements: 

1. Start-up schedule: Represent the initial project schedule including re-
sources plan, role allocations and responsibilities definitions. 

2. Initial situation: Show the state of current research and define the precon-
ditions for the project. Sum up conclusions from possibly preceding pro-
jects. 

3. Feasibility: Connect initial situation and project objectives by project tasks 
that can be realized in the given time frame and given resources. If tasks 
that can possibly threaten the project are identifiable in this stage, these 
should be clearly highlighted. Alternative paths should be drawn and 
marked by conditional elements. 

4. Work allocation: Allocate workers for all defined tasks. 
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5. Resource allocation: Assign tasks to individual resources. By overlaying 
all projects that allocate a specific resource, resource bottlenecks can be 
identified early and the project manager can be warned. 

6. Project control: Enable the project leader or stakeholder to check the ful-
fillment level of each project task. 

7. Post completion review: Representation of successes and failures and les-
sons learned by this project. Point out open questions of this project. 

8. Risk management: Identification of critical tasks/threats to project objec-
tives. 

9. Time management: Overview of milestones, points-of-decision and time 
frames of all work packages. 

10. Stakeholders’ management: Control sheet for those with a direct stake in 
the project. 

3.10.4.  The FlowChart Tool 
To meet the requirements gathered from the requirements analysis, a pictorial 

representation of the research plan has been derived in a flowchart-like approach. 
The FlowChart tool displays a single screen view of initial situation, research plan 
and project objectives as an interactive web application. The flowchart view of the 
tool shows three columns placed on an arbitrary number of project category bars as 
Figure 17 shows. 

 
Figure 17: Flowchart view of the FlowChart application 
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The main elements of the flowchart view are categories, initial situation, tasks 

and objectives. A detailed description of the FlowChart’s elements is given (Jansen 
and Schulz 2015). 

3.10.5. Implementation 
The FlowChart tool is implemented as Web 2.0 application incorporating mod-

ern web techniques from the HTML 5.0 specifications like Server Sent Events 
(SSE), Asynchronous JavaScript and XML (AJAX) and Scalable Vector Graphics 
(SVG). The underlying application framework is Ruby on Rails 4.0 (Ruby et al. 
2013). As database application PostgreSQL is used because of its built-in listen/no-
tify channel mechanism. This mechanism is used to directly notify all connected 
clients, showing a view of a specific flowchart. To send messages from the server 
to the client without the use of a polling mechanism, SSE are used. This approach 
enables a concurrent view of every flowchart as all changes are stored directly to 
the server and transmitted to all clients. The tracking of all changes by date and user 
provides a change history of all items. 

3.10.6.  Results 
The FlowChart application is developed inside the Scientific Cooperation Engi-

neering team and beta tested by the department modeling and simulation at ILT and 
the NLD department of the RWTH Aachen University. The beta tests will be ex-
tended to the Cross Sectional Processes team and the beta phase will be closed in 
2016. The rollout of the tool on the SCP will be carried in 2016 and further tests 
and extensions of the tool are planned until the end of the funding period of the 
CoE. A first two-part usage study with four members of the two institutions men-
tioned above has been performed. The first stage is a usage test with four tasks: (1) 
generate a new project, (2) generate a new flow chart including categories, (3) create 
a project plan, and (4) explain the project plan. The second stage of the usage study 
is an interview about the flowchart concept itself and on how to extend the concept 
and the FlowChart tool. The usage and interview study of the beta version of the 
FlowChart tool pointed out the following enhancements and extensions of the cur-
rent version of the tool: 

§ Relation management: the not-yet implemented relations between work 
packages (dependencies, conditionals etc.) should have a smart compo-
nent that detects dependency conflicts between packages like circular de-
pendencies and warns the project members if strong project threatening 
dependencies that have not been met on a specific date were found. 

§ Resource management: the not-yet implemented assignment of resources 
(researchers, machines, materials) to project tasks should be invertible so 
that a resource to project relation is shown and possible resource conflicts 
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might be detected early. Also, the system should warn automatically if a 
possible resource conflict might occur during project planning and/or a 
resource is allocated multiply at the same time. 

§ Summary and detailed view: for larger projects and/or long-lasting pro-
jects, several levels of detail should be possible. For example, in a five- 
year project an overall time schedule should be shown that might be 
zoomed to specific half-year views of the project that include the detailed 
project plan for this phase of the project. 

§ Notification of changes: If project tasks are postponed or canceled, the 
effect on dependent tasks and objectives should be highlighted. Automatic 
notifications for project partners or a review system for project changes 
are that correspond to a dynamic relation management system are desira-
ble. 

The FlowChart tool will be enhanced by these features in 2016. 

3.10.7.  Future Research and Development 
The positive effect of PMIS on project success has been analyzed by Raymond 

and Bergeron (2008a). A transfer of these results into a scientific research coopera-
tion and the extensive testing of a lightweight and easy-to-use PMIS for research 
projects is performed inside Scientific Cooperation Engineering. The developed 
FlowChart tool will be used for close industry/university collaborations by the de-
veloping institute and knowledge about managing research projects will be led back 
into enhancements of the FlowChart tool itself. Additionally, the FlowChart tool 
will be rolled out in the SCP, and in 2016 the tool will be enhanced by the items 
found in the first usage study. By making the tool available on the SCP, it will be 
accessible for around 200 researchers within the CoE. A questionnaire and expert 
interviews with members from different institutions will be carried out in 2016. To 
analyze the effect of this research planning tool on project performance, repetitive 
interviews with individual users will be performed in 2016 and 2017. 

4. Industrial Relevance 
Cooperation gains in importance, especially in scientific research. Regarding the 

industrial applicability, the CoE tries to extend this cooperation towards the inte-
gration of industrial partners, – for instance, by means of the integrating stakehold-
ers in the Industrial Advisory Board. This specific integration serves the purpose of 
providing strategic consulting and giving feedback on research results. The 
measures of Scientific Cooperation Engineering, however, focus on the operative 
level. The integration of interdisciplinary researchers is addressed in their daily 
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working environment by supplemental measures that aim at enhancing networking 
processes.  

These measures include the support of communication, cooperation and collab-
oration in the scientific working environment of the CoE. Kaufmann and Tödtling 
(2001) stated that “communication and collaboration between actors embedded in 
different systemic contexts is costly”. Nevertheless, fostering the cooperation of 
science and industry can result in an increased innovativeness for business partners 
and in more stimulated research on the side of the scientists (Kaufmann and Töd-
tling 2001). Although this statement refers to research cooperation between science 
and industry, the collaboration in the CoE shows many similarities. There are actors 
in the CoE, for instance, who have a background in science as well as have gained 
industrial experience (Vossen 2012; Welter 2013). Furthermore, the aims of the 
CoE are related to applicable results, like production technology demonstrators. The 
measures of Scientific Cooperation Engineering share this applicability. All of 
those, thus, have been developed based on a scientific methodology, but are actively 
implemented and used in the CoE. 

Therefore, the portability of most of the measures fostering cooperation towards 
an industrial application is likely to be high. The employee survey of the CoE, which 
is based on a Balanced Scorecard approach (see Sect. 3.1), can be adapted, for in-
stance, in order to support further surveys in an industrial R&D context. This cir-
cumstance mainly includes the measurement of the employee’s perception of a fi-
nancial, output and customer, cooperation and learning perspective. As a follow-up, 
organizational design processes are supported with Scientific Cooperation Engi-
neering. The design and implementation of workshops aim at a reflection of the 
surveyed topics on various hierarchical levels. In the context of the demographic 
change, an implementation of these processes has already been initialized in the 
automotive sector. 

Another field of attention is the one on organizational learning processes. Scien-
tific Cooperation Engineering – in close connection with the cluster management – 
is responsible for the development and implementation of so-called microtrainings. 
These trainings are learning units of short duration that support on-the-job learning 
processes in particular (Welter et al. 2010). In the context of the CoE, a didactical 
concept of the microtrainings has been adapted to fulfill the requirements of cluster 
employees and serve as a mean to initiate organizational learning processes. The 
concept of microtrainings could be transferred to an industrial use case, focusing 
on on-the-job learning processes. 

Furthermore, the virtual measures of Scientific Cooperation Engineering can 
also be transferred to an industrial context. Considering a holistic approach on vir-
tual communication and exchange, a cooperation portal has been established in the 
CoE especially supporting knowledge dissemination that is independent from time 
and space. This portal also includes basic functions like cluster news bulletins or 
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calendar functionalities. In addition, cluster-wide and project-specific collaboration 
spaces have been established in order to create customer-dependent collaboration 
suits. Furthermore, cloud functionalities are available if needed. This portal can also 
be adapted by focusing especially on easy-to-use collaboration suits for small and 
medium-size enterprises, as there are little investment costs in terms of server ar-
chitecture or development. 

Within the virtual collaboration platform, a range of applications that try to en-
hance the depicted knowledge dissemination in various ways are currently under 
development. The Terminology App tries to find hidden synergies between the pro-
jects in order to enable further cooperation and communicative exchange. This ex-
ploration aims at establishing topic-based links between entities (e.g., projects) in 
the CoE. Based on publications, topical links are revealed by means of a Data An-
alytical approach. The database is then visualized in a data-driven user front-end. In 
an industrial context, the application could be used to detect synergies between dif-
ferent departments, which are possibly unknown yet. 

From a management perspective Scientific Cooperation Engineering serves as 
an evaluation and steering element of the CoE. The feedback gained through eval-
uation is used to support decision-making by a tracing back the impact of imple-
mented measures. This leads to an enhanced steering of the CoE as measures can 
be developed based on the direct and indirect feedback of the actors. On a cybernetic 
level the CoE management is based on iterations in decision-making, in which the 
actors’ feedback is used as a start for a new iteration for a redesign of measure, for 
example. This circle is depicted in Figure 18. 

 
Figure 18: Cybernetic Management of Scientific Cooperation Engineering 

In conclusion, Scientific Cooperation Engineering contains a large variety of 
measures that fulfill individual requirements. Within this chapter, the topics of 
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knowledge management, leveraging synergies and learning were addressed in par-
ticular. Within this context, various cooperative situations are covered. Although 
the CoE consists only of science-to-science cooperation, this relation can be ex-
tended towards science-to-industry as well as industry-to-industry cooperation – for 
instance, in large R&D locations. 

5. Future Research Topics 
The wide range of methods and topics of Scientific Cooperation Engineering has 

already been outlined in Chap. 3. There are four fields of action: Knowledge & Co-
operation Engineering, Interdisciplinary Innovation Management, Performance 
Measurement and Diversity Management. The development of the depicted 
measures will continue in the next years. Within these fields of action, four trends 
arise in the scope of the project: 

§ Measurement and evaluation of impact, 
§ learning and advanced trainings, 
§ data science as a tool for cooperating engineering, 
§ visualization and usability. 

In the following, the topics of these trends will be discussed. 
On the one hand measurement and evaluation of impact refers to the field of 

Performance Measurement. The next steps will include the design and concepts of 
benchmarking using the data conducted from earlier surveys in the CoE. Factors 
will be derived that allow a relation to comparable clusters and research networks. 
The Balanced Scorecard and the formative evaluation (see Sect. 3.1) will maintain 
a vital element of employee surveying and will be further developed and adapted, 
if necessary. On the other hand, the Critical Incidents of interdisciplinary research 
(see Sect. 3.2) have proven as desirable directions regarding the actors’ perspective 
in the CoE.  

Two further topics are currently under development regarding the Critical Inci-
dents’ measurement of impact. First, the Critical Incidents in their current stage are 
qualitative indicators for the actors’ perspective. They will be extended towards a 
quantification regarding their individual characteristics in the CoE. Based on a co-
herence analysis of Critical Incidents, this extension will lead to a measurement of 
perceived quality of interdisciplinary cooperation in general. Second, the Critical 
Incidents are derived on a data basis of surveys and interviews in the CoE. Further 
research aims at the measurement and evaluation of impact in comparable research 
clusters and structures in order to extend the validity of the Critical Incidents.  

The Critical Incidents also include a strong connection towards the second trend, 
learning and advanced trainings. Considering the derived Critical Incidents from a 
management perspective, they allow deeper insights into the needs of the actors and 
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their requirements on further developments in the CoE. These needs will be ad-
dressed by the development and support of further learning formats, such as micro-
trainings. Contributing to further learning means, first concepts for a CoE Massive 
Open Online Course (MOOC) have been made and will be further examined. The 
most decisive point can be seen in the fact that a research project, the CoE, conducts 
a MOOC about topics that are currently developed in the CoE and, thus, extremely 
up to date for students Hence, the MOOC will allow a strong connection of research 
in the CoE and higher education that will possibly lead to a stronger exchange with 
undergraduate and PhD students. As a future research topic, this trend will be mon-
itored with Scientific Cooperation Engineering. 

The ongoing trend on data science as a tool for cooperation engineering has 
already been included in the research of Scientific Cooperation Engineering. The 
Cluster Terminologies (see Sect. 3.8), for instance, are a typical feature in order to 
derive answers for the question whether there are hidden synergies in the CoE that 
can be detected on the basis of publication data. The development of the Cluster 
Terminologies will include the further implementation of algorithms in order to im-
prove predictions for project-to-project relationships as well as topic mapping. As 
it is the user front-end of the Cluster Terminologies, the Terminology App is also 
strongly connected to the visualization of data. Hence, future research will aim at 
improving the visualization functionalities towards the requirements of the CoE. 

As structures of research networks intend to grow in size, complexity and heter-
ogeneity, the requirements to projects enabling cooperation raise together with these 
three dimensions. For instance, from a European perspective the Knowledge and 
Innovation Communities form one of the biggest steps of self-organized research 
networks. Within the triangle of higher education, research and business, this type 
of networks demands a high degree of integration focusing on a combined research 
effort of education and entrepreneurship with research and innovation (European 
Institute of Innovation and Technology). As the size of these research networks 
grows, measures supporting cooperation become necessary that meet these chal-
lenges. Within this context, Scientific Cooperation Engineering represents a proven 
concept to derive requirements from these challenges and create tailor-made solu-
tions for a cooperative environment. 
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