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Introduction:  
 

In this document the results of a Fuzzy cognitive mapping exercise conducted at the 2009 ALTER-Net 

Summer School in Peyresq are presented. 29 maps were produced by the participants trying to 

answer the άeasyέ question: 

 ά²Ƙŀǘ ŦŀŎǘƻǊǎ ǿƛƭƭ ƭŜŀŘ ǘƻ ŀ ŎƘŀƴƎŜ ƛƴ the natural environment and how will that effect human 

well-ōŜƛƴƎέΦ  

The attempts of the participants (and tutors) to find a response to this question can be found on 

these pages. The document has three main parts, the first giving an overview over all maps, the 

second introducing the aggregated map and some results of the dynamical analysis (simulation) of 

this map and finally the third part contains all individual maps & their indices. 

This document mainly lists the results of the mapping and does not discuss them in depth. Feel free 

to take your own conclusions out of your maps! Additional material like the net-files & the adjacency 

matrixes will also be made available on www.FCMappers.net . 

 

Fuzzy Cognitive Mapping  
 

In the following a short overview over the FCM indices is given:  

Indices:  

Density (D) shows how highly connected the factors are to each other within the network. It is 

calculated by dividing the number of counted connections (C) by the number of possible connections 

between N factors (Hage & Harary 1983). 

Equation 1: If no self-feedback is allowed (main diagonal consist solely of zero) max. number of 

connections is N (N-1) if factors are allowed to influence themselves than there are N² possible 

connections within a network. 

    

More connections per concept will result in a higher density (D). A system with higher density is seen 

as containing more available options to manipulate the system (Özesmi & Özesmi 2004). 

To define the type and the role of each factor within the network Indegree, Outdegree and Centrality 

are calculated. 

 Indegree [id(vi)] is calculated by summing up the absolute values of all ingoing arrows (the sum over 

the column of a factor in the matrix). Outdegree [od(vi)] is calculated by summing up the absolute 

http://www.fcmappers.net/
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values of all out going arrows (the sum over the row of a factor in the matrix). Absolute values give 

positive and negative values equal importance (Yaman & Polat 2009). 

       

The centrality or total degree (Harary et al., 1965) of a factor is the sum of the in- and outdegrees. In 

FCMs, unlike cognitive maps or some SNA approaches, the value of centrality of a factor can be 

higher although it has fewer connections than others, as the weight of the connections enters the 

calculation of centrality (Kosko 1986). Centrality is a measure for the importance of a node. Concepts 

with high centrality-values should therefore get special attention (Yaman & Polat 2009).  

Three different types of factors can be found in a FCM: transmitter, receiver and ordinary. 

Transmitters have positive outdegree but no indegree. They impact the system but the system does 

not directly affect them they act as drivers or forcing functions. Receivers have a positive indegree 

but zero outdegree, and are also called end. Ordinary factors have both positive in- and outdegrees 

(Harary et al 1965). 

Complexity is the ratio of the number of transmitters to the number of receivers. It shows if the 

system is rather externally or endogenously driven (Eden et al. 1992). If the quotient of receivers / 

transmitters is high, complexity is high. If this quotient is low, it shows that the system is perceived as 

rather out-side driven with little bottom-up control (Simon 1996, p 185). 

Social Map: 

A social map is a map produced through augmenting several FCMs through matrix addition. In 

ŎƻƴǘǊŀǎǘ ǘƻ ŀƴ ά/ƻƎƴƛǘƛǾŜ LƴǘŜǊǇǊŜǘŀǘƛƻƴ 5ƛŀƎǊŀƳέ ǘƘŜ ŎƻƴŎŜǇǘǎ ƻŦ ŀ ǎƻŎƛŀƭ ƳŀǇ ŀǊŜ ƻƴƭȅ ŀǳƎƳŜƴǘŜŘ ƛŦ 

ǘƘŜȅ ŜȄǇǊŜǎǎ ǘƘŜ ǎŀƳŜ ƳŜŀƴƛƴƎΦ CƻǊ ŜȄŀƳǇƭŜ άCŀǊƳƛƴƎέ ŀƴŘ ά!ƎǊƛŎǳƭǘǳǊŜέ can be fused into one 

ŎƻƴŎŜǇǘ ǿƘƛƭŜ ά.ƛƻŘƛǾŜǊǎƛǘȅέ ŀƴŘ ά{ǇŜŎƛŜǎ 5ƛǾŜǊǎƛǘȅέ ǿƛƭƭ ƴƻǘ ς as these concepts have similar but 

different meaning. The aim of a social map is to conserve the richness of the individual maps. The 

resulting map usually contains too many nodes to be visually interpreted in a meaningful. It is the 

basis of the dynamic analyses (Özesmi & Özesmi 2004).  

Dynamic Analysis:  

With the dynamic analysis the steady state of the system can be determined and scenarios can be 

calculated. As described in Özesmi & Özesmi (2004) we use the auto-associative neural network 

method (Reimann 1998). A vector of initial states of variables is multiplied with the adjacency matrix 

of the social map. Through the connections input is transmitted from one node to the next 

connected node(s) according the strength attributed to this connection. The output is scaled in the 

interval of 0-1 by using a logistic function. The multiplication is iterated until the network converges 

to a fixed point. This results in the steady state of the network.  

When running scenarios some factors (concepts) are set to high respectively low values. The results 

of a Scenario run is then compared to the steady state results to see if the value of the concept has 

increased or decreased i.e. if the factor shows a positive or a negative trend compared to the 

reference scenario.  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VBS-4BRB857-3&_user=483942&_coverDate=08%2F15%2F2004&_rdoc=1&_fmt=full&_orig=search&_cdi=5934&_sort=d&_docanchor=&view=c&_searchStrId=1069430225&_rerunOrigin=scholar.google&_acct=C000023298&_version=1&_urlVersion=0&_userid=483942&md5=6adc538c3a7826d9c4229e761a3a7317#bbib61
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Software  

For calculating the indices, running the scenarios and transforming the adjacency matrix into a net-

file format άFCMapperέ was used. To produce the network images and to extract sub-networks the 

social-ƴŜǘǿƻǊƪ ǎƻŦǘǿŀǊŜ άPajekέ and άVisoneέ were used. The material needed to repeat all the 

calculations presented here will be made available on www.FCMappers.net. Here you can also find 

the links to the social network software and a short tutorial on how to use Pajek to open your net-

files.  

FCMapper: http://www.fcmappers.net/joomla/  

Pajek: http://pajek.imfm.si/doku.php?id=download  

Visone: http://visone.info/index  

Results 

Overview  

 

Figure 1: Distribution of concepts (grouped into 8 thematic groups) over the 6 disciplines.  
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Figure 2: Fraction of concepts in the eight different thematic groups. Most concepts (26%) can be related to the social 
system. 

 

Figure 3: Total number of concepts in the eight different thematic groups.  

 

Figure 4: The most mentioned concepts in the 29 maps. Concepts mentioned at least four times were included into the 
graphic.  
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Figure 5: Maps with the number of concepts per map and their distribution into the eight thematic groups.  

 

 

Figure 6: The dark red bar shows the number of maps in which concepts belonging to the thematic category dominate. 
The light red bars show the number of maps in which a concept belonging to a certain thematic category is the most 
central concept.  
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Figure 7: Graphic representation of overlap between maps grouped into the disciplinary background of the creator. The 
size of the circles represents the number of concepts counted in the maps of the respective discipline; the width of the 
line represents the number of similar concepts between the disciplines.  

 

Figure 8. Overlap between the single maps. The colors of the circles represent the disciplines they belong to (see figure 7 

for color code ς gray = discipline not known). The size of the map represents the amount of shared concepts.  

 

 

The Aggregated map and the dynamic analysis  
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All complete maps (n = 25) were aggregated into one big social map using the aggregation tool of 

FCMapper. Concept-names were only aligned if synonyms or different spelling was used. The 

aggregation resulted in a map containing 226 concepts. This map will be our basis to run dynamic 

analysis & scenarios. 

 

Table 1: Basic figures of the aggregated map 

Density 
Total No. 
Factors 

Total No. 
Connections 

No. 
Transmitter 

No. 
Receiver 

No. 
Ordinary Complexity 

0.012 226 579 32 25 169 1.28 
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Figure 9: The aggregated social map with its 226 concepts. The same color code is also used in all following maps. 


