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Introduction:

Inthis document the results of a Fuzzy cognitive mapping exercise conducted at the 200IN&E TER
SummerSchool in Pagsq are presented. 29 maps were produced by the participants trying to
answer thedeasy question:
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The attempts of the participants (and tutors) to find a response to this question can be found on
these pagesThe document has thremainparts, the first giving an overview over all nsagthe

second introducing the aggregated map and some results of the dynamical analysis (simulation) of
this map and finally the third part contains &ltlividualmaps & their indices.

This document mainly lists the results of the mapping and does notisisthem in depth. Feel free
to take your own conclusions out of your maps! Additional material like thefilest & theadjacency
matrixes willalsobe made available omwww.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 gossibiections
between N factors (Hage & Harary 1983).

Equationl: If no selffeedback is allowed (mamtiagonal consist solely of zero) max. number of
connections is N (1) if factors are allowed to influendbemselveghanthere are N2 possible
connections within a network.
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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 (Ozesmi & Ozesmi 2004).

To define tle 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 matrixputdegree[od(vi)] is calculated by summing up the absolute



http://www.fcmappers.net/

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 importan¥arfan &olat 2009).

N

N
1[1{1'!-] = Z{_{m Dd[ v} = Z_t_a'j.‘,-
k=1

k=1

Thecentrality or total degree (Harary et al., 1965) of a factor is the sum of thail 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 ctione@ntersthe
calculationof centrality (Kosko 1986). Centrality is a measure for the importance of a node. Concepts
with high centralityvalues should therefore get special attention (YamaRolat 2009).

Three different types of factors can be foumda 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 oudegree, and are also called end. Ordinary factors have both positie@doutdegrees
(Hararyet al1965).

Complexityis the ratio of the number of transmitters to the number of receivers. It shows if the
system is rather externally or endogenously driEden 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 outside driven with little bottoraup control (Simon 1996, p 185).

Social Map:

A sociamap is a map produced through augmenting several FCMs through matrix adtition.
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different meaning. The aim of a social map is to conserve the richness of the individual maps. The

resulting map usually contains too manodes to be visualinterpreted in a meaningful. It is the

basis of the dynamic analys@3zesmi & Ozesmi 2004)

Dynamic Analysis:

With the dynamic analysis the steady state of the system can be determined and scenarios can be
calculated As describein Ozesmi & Ozesn@004) we use the autassociative neural network

method Reimannl998).A vector of initial states of variables is multiplied with the adjacy matrix

of the social mapThrough 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 G1 by using a logistic function. The ripiication is iterated until the network converges

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

When running scenarios some factors (concepts) are set to high respectively low values. The results
of aScenario runsthen compared o 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 negativedoenplared to the

reference scenario
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Software

For calculating théndices running the scenarios and transfomgi the adjaency matrix into a net

file format &FCMapped was used. To produce the network images and to extractaitvorksthe
socialy S ¢ 2 NJ| Bafel dndoVidedE wére usel. The material needed to repeat all the
calculations presented here wile made available owww.FCMappers.netHereyou can also find

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

files.

FCMapperhttp://www.fcmappers.net/joomla/

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

Visone:http://visone.info/index

Results
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Figurel: Distribution of concepts (grouped into 8 thematic groups) over the 6 disciplines.
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Figure2: Fraction of concepts in the eight different thematic groups. Most concepts (26%) can be related to the social
sysem.
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Figure4: The most mentioned concepts in the 29 maps. Concepts mentioned at least four times were included into the
graphc.
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Figure5: Maps with the number of concepts per map and their distribution into the eight thematic groups.
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Figure6: The darkred bar shows the number of maps in which concepts belonging to therttaic category dominate.
The lightred 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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Figure7: Graphicrepresentation of overlap between maps grouped intbé disciplinary background of the creator. The
size of thecircles representshe 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.

Figure8. Overlap between the single maps. Thelors of the circlesrepresent the disciplines they belong to (see figure 7
for color codeg gray = discipline not known). The size of the map represents the amount of shared concepts.

The Aggregated map and the dynamic analysis




All complete maps (n 25) were aggregated into one big social map using the aggregation tool of
FCMapper. Conceptames were only aligned if synonyms or different spelliiagused. The
aggregation resulted in a mapm@ining226 concepts. This map will be our basisun dynamic
analysis & scenarios.

Tablel: Basic figures of the aggregated map

Density

Total No.
Factors

Total No.
Connections

No.
Transmitter

No.
Receiver

No.
Ordinary

Complexty

0.012

226

579

32

25

169

1.28

10




Figure9: The aggregated social map with its 226 concefitke same color code is also used in all following maps.
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