We present the results of a survey, made on the CETRA partnership, to which we have applied some of tools described in the Complex Network module (http://www.cetracourse.org/). 
The CETRA network – dense, close and strong?
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Figure 1 Cetra Network relationships (April 2007)
At the end of the implementation of the CETRA project (April 2007), a high network density can be observed: 0.75 on a maximum of 1.
	Lines
	Frequency
	%

	“low collaboration intensity” (1)
	32
	59.26

	“medium collaboration intensity (2)
	12
	22.22

	“high collaboration intensity” (3)
	10
	18.52


Although the network is very dense, it can be observed that the strength of the ties is rather of low and medium intensity. The table above describes the frequencies of the ties.

CETRA is a highly connected partnership, but the relations of collaboration are not rated very strong. Possible explanations for this observation can be collected – for example, CETRA is not the only project the participating organisations are working on, so there are usually other projects competing for the resources. Nevertheless, there are more than 18 % of the relations which are labelled to have a “high collaboration intensity” by the partners.

Distance is an important term used in network analysis; it is defined as the length of any shortest path between two nodes (actors of the network).

“Closeness” is therefore a way to describe a network, focussing on the minimum steps of the actors necessary to relate to other nodes in the network. In the network analytical point of view, closeness is a minimum distance and we observe that the partners which are most distant to each other are also only two steps away from each other (for example one step from EUPHON to MENON, another step from MENON to SOPRON/INSRET – which makes EUPHON and INSRET two nodes distant from each other, see the following graph).
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Figure 3 The CETRA Network in April 2007

The average distance in the CETRA network is 1.25.

Another network-analytical term can be illustrated with the CETRA network: it consists of only one strong “component”. This term describes connected graphs, “there is a path between all pairs of nodes” or “all pairs of nodes in a component are reachable” is the description given by Wassermann/Faust [Wassermann St. and Faust K., 1994].

All graphs interpreted in for the CETRA Network Analysis are directed graphs, so we can also have a look at the behaviour of the partners if they are rather sending information to the others or rather receiving.

The partner EQT is a good example to show the difference in this respect, as it entered at a late stage of the project (as explained above) and although it has quickly managed to reach the most connected group, it is still rather sending and not so intensively receiving information. Among the other partners there is now particular differentiation in this respect.
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Figure 4 EQT receiving fewer choices than the other partners

“In a graph, the degree of a node is the number of nodes adjacent to it.” [Wassermann St. and Faust K., 1994, page 125]. And here ‘indegree’ can be compared with ‘outdegree’, which describes the how many relations are ‘stemming from’ a certain partner or ‘leading to’ the same partner. This measure can be quite different; for example for a partners such as ZSI and ANTARES whose in-degree are higher than their out-degree, it illustrates their particular role in the project; these two partner, in fact do autonomous tasks (respectively the internal evaluation and the review of the gender issues), and thus they feel themselves less involved in the activities central in the final stage of the project (mainly the test of the didactic material and the course and curricula design). Nevertheless the other partners keep in strong consideration their observations and thus indicate many ties with them. This way of explaining the data is confirmed by the average intensity of their incoming ties: for ZSI this value is 1.125 and for ANTARES is 0.625 which are relatively low values if compared with the average of the other partners: 1.285.
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Figure 5 The CETRA Network with in-degree of the partners
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Figure 6 The CETRA Network with out-degree of the partners

UNIMORE is central in the partnership, this can be observed in all graphs shown already.

The centrality of a node in a network is a measure of the structural importance of the node. Centrality measures attempt to quantify the prominence of an actor, with prominent actors presumably having a stronger influence on other network members. From the range of centrality measures (degree centrality, closeness centrality, betweenness centrality, etc.), the following figure shows the latter – betweenness centrality.
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Figure 7 Betweenness centrality of the CETRA partner

As the CETRA course also explains, the spread of information is deeply influenced by the network structure and the spread of information is limited by the fact that the actors cannot communicate directly to the whole set of actors in their network.

Betweenness centrality is illustrating the extent to which a node (or an actor) lies on the paths between others. It is assumed that actors who lie on the paths between others potentially might have some control over the interactions of the other actors. 

In a more mathematical way we describe, “The betweenness of a vertex i is defined to be the fraction of shortest paths between pairs of vertices in a network that pass through i.” 
Analysing Figure 7, the data confirms UNIMORE as the core of the project. And ZSI is shown as an important partner to pass information among the partners as well. This confirms that the role – to summarise and evaluate the activities taken, to describe the strengths as well as the weaknesses of project implementation, and to assess the status of the overall project implementation.

This still assumed that all connections have equal weight, and that communications will travel along the shortest route. In the following figure, the weak ties (that of value one or rated as “low collaboration intensity”) are experimentally removed from the network and a different picture is presented.

[image: image7.png]10.00] MENON

[0.00] 251

T0.00] ANTARES

TonEaT

0.56] UNIMORE

[0.04] EUPHON

T0.03] FGUSAL

[000] SOPRON

[0.00] FEPS




Figure 8 The strong ties of CETRA

It becomes clearly visible, that UNIMORE is in the focus of most of the strong ties. ZSI’s centrality depends on the weak ties (explained through its role as partner who evaluates results and carries out the internal audit, and is not involved in the collaborative production of the CETRA products).

The evolution of the CETRA network

Coming back to the network density which was calculated at 0.75 for the final survey when CETRA was coming to an end, the evolution of the network can be illustrated by comparing this indicator to the result of the initial survey carried out after workpackage 1: the density of the network was 0.5972

The Average distance among reachable pairs was 1.40.
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Figure 9 The initial CETRA network

An important observation at that stage of the project implementation was that the troubles of IZET as partner (the sudden death of the director and the following organisational insecurity was already briefly mentioned). The most distant vertices are EUPHON and IZET. The partner was then replaced by EQT who took over the tasks.

