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The hierarchical organization of many ecological and
social systems calls for a better understanding of part-
to-whole relationships. Network analysis provides a
tool for this and it is routinely used for modelling
interaction systems. I present a longitudinal social
network analysis of a classroom focusing on proper-
ties ecologists would be most interested in. Analyses of
ecological and social networks share many method-
ologies, and with many problems cross-relevant, I dis-
cuss the possibilities of cross-disciplinary thinking. I
quantify the structural balance, the core—periphery
organization, small-world character, the KeyPlayer-
nestedness and the invadibility of this human commu-
nity, over time, in the social network setting and look
for ecological parallels.
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Introduction

BOTH natural and social systems are immensely compli-
cated: if we wish to understand them we need to choose
sensible models for their study. Network representations
of various systems may help understand the ‘part’ to
‘whole’ relationships: how do parts form the whole and
how does the whole influences its parts? Answering these
questions is non-trivial as distinct mechanisms operate at
these two levels. The parts are more likely forming a
population of similar entities, selected through evolution;
they are best described by statistical tools. The whole, on
the other hand, generally defies statistical descriptions, is
more likely unique and is being transformed instead of
selected for. Still, studying different levels of hierarchical
organization in parallel is very important, because hierar-
chy is one of the main characteristics of life, in both
nature and society.

To look at the parts in the context of the whole is not
new. Gestalt theory and the various field concepts in dif-
ferent areas of science” are the precursors of many
recent studies on complex systems’. All of these appro-
aches emphasize the fact that interactions between parts
are not strictly localized: they spread indirectly but typi-

e-mail: jordan.ferenc@gmail.com

CURRENT SCIENCE, VOL. 97, NO. 11, 10 DECEMBER 2009

cally not to infinity, i.e. they have some effective range.
Contrary to the old (soft) version of holistic thinking —
simply stating that everything is connected to everything
else — the current (harder) holistic studies provide quanti-
tative results on what is connected to what and to what
extent. This latter version can be predictive, basically
testable and useful for science and society.

The well-established methodology of network analysis
(cf. graph theory) is a simple and sometimes powerful
(but sometimes irrelevant and inadequate) tool for quanti-
fying all of the above. It is mostly useful in systems
where interactions are of key importance. In ecological
(e.g. a forest) and social (e.g. a classroom) systems, inter-
action is what makes the system a system, what makes a
set of parts form a community, and what to study if the
system is to be understood. In contrast, in certain sys-
tems, interaction is not of key importance: even if water
molecules are connected to neighbours, a network model
is not really adequate for modelling water, and although
many small parts make a car, a network model of screws
and parts may not help in better understanding the beha-
viour of a car. In fact, many ecologists believe that inter-
actions between parts are even more important in
ecosystems than the parts themselves™. Conventional
wisdom (e.g. the enemy of my enemy is my friend; birds
of a feather flock together) also reinforces the evidence
that interactions are of high importance in social groups.

Because of the basic similarity of social and ecological
systems, the similarity of the methods for their analysis
(e.g. tole colouration”), and the similar problems they
raise (transitivity of indirect effects, role of key positions,
effects of system-level structure on functioning), there is
a growing interest in comparing them to each other®.
Even if the particular components of the respective net-
works are different (human beings vs. species), important
similarities may still exist given the importance of inter-
actions in both models”’. In both these systems, effects
spread indirectly but not to infinity and they change while
being transmitted (not like information on the internet:
the message is the same whether you read your e-mail in
Anchorage or Brisbane).

There are many current interdisciplinary studies on
various networks'!, with the general aim to demonstrate
the surprisingly similar properties of various systems,
despite containing quite different parts. Note that while
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comparing two static networks is highly sensitive to
methodology, especially on network construction, simi-
larly described networks are compared to each other the
differences between their properties give more reliable
information, since methodological noise is extinct. One
way for such a comparative approach is to study time-
series of networks, focusing on change, rather than static
description. With this in mind, I present the phenology of
the studied networks and try to compare them with simi-
lar ecological information (even if time series of ecologi-
cal networks is incredibly rare).

Because of the shared problems, it is useful, or at least
thought-provoking to study ecological questions in a
social network context. By network, I mean a set of nodes
(representing individual children) and a set of links
between pairs of them. A link represents a relation bet-
ween a pair of children: it can be either positive or nega-
tive (signed), it is directed from one towards the other
(directed) and it is either weak or strong (weighted;
although I consider only the strong ones). Networks have
various properties providing potentially useful informa-
tion for better understanding of their behaviour (group
dynamics).

I will analyse the data of a longitudinal social network
analysis survey and study several characteristics of the
communities being highly interesting and central in
current community ecology: (1) the role and identity of
key positions in the network (cf. keystone species), (2)
the general properties of the whole network, for example
how small-world-like or how centralized it is (cf. ecosys-
tem structure, organization), (3) the positions where new
nodes can enter and nodes leave from (cf. invadibility and
extinction risk), (4) the pattern of positive and negative
links and its effect on stability (cf. conflict and coopera-
tion), (5) the ratio of nodes in the core and in the shell
(cf. the core and satellite species hypothesis), and (6) the
stability of various network metrics in time series (essen-
tially lacking in ecology).

It is very important to note that comparative network
analysis has had tremendous problems, despite encourag-
ing advancements'>. The typically taken static attitude is
especially sensitive to methodological problems and may
produce artefacts. However, as most of the dynamical
studies are simulations, descriptive network time series
are very rare. So, instead of presenting a very detailed,
deep analysis, I only aim to sketch some of the most
interesting and perspectivical aspects of how to compare
social and ecological community organization. I wish to
suggest that future possibilities are endless and are wor-
thy efforts®.

Data

The data used in this study is a subset of a much larger
dataset provided by a longitudinal social network analysis
survey made in Hungary. Seven classes in three randomly
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chosen secondary schools were visited ten times during a
three-year period (roughly evenly distributed). Children
were asked to fill in a short, anonymous questionnaire
asking for all their positive and negative relationships
with classmates, as well as qualifying those relationships
as either strong and weak. Questions were very simple in
order to make interdisciplinary comparisons possible'.

In the present analysis, I have chosen one of the most
complete datasets. I started monitoring the class half a
year after they came together (January 2004, aged 11-12)
and finished the survey before the final exams (February
2007), with eight more steps in between (I have alto-
gether ten networks). Here I focus only on structural vari-
ables of students, not on their attributes (although I have
data on their gender and their personal feeling in the
class). Absent students were typically asked to fill in the
questionnaire later, but sometimes their previous answers
were incorporated into the series. Altogether four students
arrived and two left the class during the survey.

Methods

I calculated several network indices taken from the tool-
box of social network analysis (SNA; see ref. 14), partly
used also in ecological network analysis (ENA). Some indi-
ces characterize the network as a whole, while others
describe the network position of single nodes or nodal sets.

Network construction

Many methodological problems of network construction
may be reduced in longitudinal surveys if the data are
consistent. Similarly, biases in static databases may not
influence trends or if they do, only to a lesser extent.

In this network the nodes were the children (defining
nodes is less evident in food webs). Links were the rela-
tionships reported in the questionnaires. Weighted links
were not considered per se but weak relationships were
used as a filter for reliability. The sign of the links (either
positive or negative) was used for constructing signed
graphs (Figure 1 @ and b show positive and negative links
respectively, Figure 1 ¢ shows the total signed network
and Figure 1d shows the total unsigned network, where
there is no difference between positive and negative
links). While the direction of links is basically important,
I do not consider this in the present analysis (it does not
matter whether B likes A if A likes B). I study a time
series of 10 signed, binary, symmetrical social networks
(Figure 2).

Network analysis

In a graph, a loop is defined as a series of links with iden-
tical starting and end point (for example, the A-B, B-C
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