Using Survey Data to develop agent-
based models of spatial segregation

Abstract. Segregation processes depend on the distribution of neighbourhood prefer-
ences. These preferences are not constant among either the native or the immigrant
population. This was already shown by Farley and colleagues (Farley et al. 1978) and
Emerson and colleagues (Emerson et al. 2001). The developed show cards by Farley
and colleagues (1978) were adapted and used for the German General Social Survey
(ALLBUS) 2006.

Most studies refer to the segregation model developed by Schelling (2006). Schelling
(2006: 150pp.) designed a dynamic, self-regulating system to describe the emergence
of spatial segregation patterns. The model implies that actors are not aware of the con-
sequences of their individual decisions. The fact that the traits of individual actors in-
fluence each other can lead to an interlinked process of spatial segregation. In this short
paper the model uses results of the ALLBUS to investigate how different values effect
the segregation of the social groups.

It can be shown that with the implementation of different levels of similar wanted the
agents move more often and partly remain within different clusters. This makes it pos-
sible to examine how different values derived from the empirical analysis of the
ALLBUS affect Schelling's model, which was created in Netlogo.
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1. Introduction

With the increased immigration of refugees to Germany since 2015, there has been a
strong increase in the proportion of people with a migration background as well as a
strong diversification of immigrants' references to origin. Immigration and diversifica-
tion are changing the ethnic composition of the population, especially in cities, and thus
driving processes of ethnic segregation. The phenomenon of segregation is a well-
known topic but in its theoretical foundations very limited. In this short paper, | will
point out a theoretical approach for an agent-based simulation of segregation pattern
and investigate how different levels of tolerance influence the outcome of the model.
To develop the different level of tolerance data of the German General Survey

(ALLBUS) 2006 will be analysed and implemented in an agent-based model.



2. Theoretical Background

The theoretical foundation of segregation is usually seen in the model of Schelling.
Schelling (2006: 138) acknowledges that he leaves out two processes in his model. One
is the organised actions, whether these are legal/illegal, forced or merely exclusionary,
or subtle or blatant. The other is the effect of socio-economic aspects. By this, Schelling
means above all processes that separate the rich from the poor or the better educated
from the less educated (Schelling 2006: 139). In our contemporary understanding, we
would call this process social segregation. He acknowledges that race correlates closely
with income and thus influences residential choice. That means that the residential seg-
regation is a result of these residential choices and can be seen as manifestation of social
distance. He assumes that even if race is ignored, segregation occurs. Schelling (2006:
139) writes that the choice of neighbourhood is a choice of neighbours. This means for
people who want a specific social group in their neighbourhood force to move in these
areas because the majority is like a hint for specific characteristics. A explanation he
uses is that other people have seen skin colour as a signal and the people now reflect
the signal. In sociology, this is called the Matthew effect (Merton 1995). Schelling
(2006: 141) acknowledges that there are always segregated neighbourhoods, but the
characteristics can differ. In the US usually ethnic segregation is researched by skin
colour and that it is difficult to find neighbourhoods that are neither 75% populated
with people of white or black skin colour. In a comparison, Schelling writes that it is
also difficult to find areas that have a balance that lasts long enough. Most segregation
studies focus on ethnic segregation but there are other forms of segregation like social
or demographic. In this short paper | will focus on ethnic segregation.

Schelling (2006: 141) admits that his model does not explain how segregation occurred.
In this context, Schelling assumes that an analysis of the majority situation can only
happen locally and that each group strives for this numerical superiority. When this is
achieved, they try to segregate themselves from the smaller group. To understand seg-
regation, the researcher needs to analyse the incentives that motivate or sustain behav-
iour. However, no equilibrium is sought by both groups, since the disappearance of a

minority leads to complete segregation. At the same time, complete segregation is a



stable condition, while in other conditions a shift in the mix is always possible (Schel-
ling 2006: 142p). The question that arises is how these mixtures are influenced by in-
dividual decisions. According to Schelling, some rules are used to obtain legitimacy for
certain behaviours (Schelling 2006: 144).

The question is how segregation arises and what theoretical foundation can be used for
Schelling's model. In the following, | would therefore like to discuss the established-
outsider configuration according to Elias and Scotson (1993).

The negotiation of norms is carried out through the process of communicating the ac-
tion taken, i.e. the articulated advocacy. However, the exercise of the new norm leads
to a demarcation between the behaviour of the opponents of the new norm and reality.
Thus, a conscious demarcation is focused on. Elias and Scotson (1993) refer to such a
figuration as an established-outsider configuration.

Established people, according to Elias and Scotson, are characterised by the conviction
of a group charism in which all members of the group participate. With the group char-
ism comes a strong "we" ideal and the belief that one's self belongs to a group of people
who have a higher value (Elias and Scotson, 1993: 9). In this context, the self-image is
shaped by the most positive subgroup of the establishment group. The counterpart to
this is group shame. Group shame is characterised by a group being ascribed the "worst"
characteristics of its "worst" subgroup (Elias and Scotson, 1993: 13). This results in a
social devaluation, of the outsiders (Elias and Scotson, 1993: 9). The stigmatisation of
groups is usually linked to collective ideas about certain groups. Through the ideas, the
behaviour of the stigmatising group becomes excusable, since it is not the stigmatising
group that has endowed the stigmatised group with the characteristic, but this charac-
teristic comes from higher powers. Thus, the characteristic is used as a sign of inferior-
ity or badness. This symbol not only has the function of relieving the stigmatising group
of the burden of guilt, but also of defending the existing balance of power (Elias and
Scotson 1993: 32p.). Segregation is a mixture of such structures. On the one hand side
person would avoid moving into districts where they are in the position of the minority
and on the other hand side leave the district if the neighbourhood changes. Segregation
thus arises primarily out of the need to distinguish oneself from others and to maintain
a positive group perception. The theories of Elias and Scotson (1993) can be used as a

theoretical foundation of the processes described by the segregation model of Schelling.



The problem Schelling (2006) mentioned that this model is missing a theoretical basis
can be solved when using this theory. Even if individuals do not want to separate them-
selves, the desire for at least 50% of the same social group in the environment leads to
the emergence of segregation patterns.

In research on segregation, ABM is also used regularly. In an international comparison,
many studies on segregation have already been conducted. Therefore, only a few se-
lected studies will be discussed here. Hatna and Beneson (2012) were able to use ABM
to generate a real-world picture of the distribution of religious communities in two Is-
raeli cities by using census data from 1995 and taking into account residential prefer-
ences in relation to one's own religion and a similar prestige of the residential environ-
ment. Their models were able to replicate real-world mixed neighbourhoods. It turned
out that not only one characteristic is sufficient to replicate segregation. Liu and col-
leagues (2019) considered actors who could influence neighbours in their ABM and
showed that this changed relocation behaviour. Zuccotti and colleagues (2021) showed
that segregation is influenced by socio-economic status and ethnicity. These models
show that ABMs can be used to replicate real-world segregation patterns. There are no
segregation models developed for the German context. Moreover, there is another as-
pect that is neglected. These models say nothing about the processes that lead to segre-
gation. These models say nothing about the processes that lead to segregation. Building
on the theory of Elias and Schelling, this model will look at how the model changes
when real world data is used for the model. Here, the tolerance values function as an

indicator of whether people accept other group members in their neighbourhood.

3. Hypothesis and Research question

Agent-based simulation studies (ABM) provide a better understanding of the course of
segregation processes. Through modelling, it is possible to observe how individual
characteristics generate different macro phenomena (Flache & de Matos Fernandes
2021: 453). One way to make the spatial segregation model more realistic is to use
survey data. In this case the neighbourhood can be understood as a social network. This
network consists of relationships with different strengths. These can range from friend-

ships to more casual contact. To simplify the model, it is assumed in the simulation



study that the agents perceive their neighbours and adapt their actions accordingly.
What preferences exist with regard to neighbourhoods and how do these affect segre-
gation patterns? This is the research question that is the focus of this presentation.

With this theoretical foundation of Schelling (2006) and Elias and Scotson (1993) the
hypothesis arises that persons reject neighbourhoods in which they are in the minority
position and would avoid them. This hypothesis is supported by the model assumptions
of Schelling and results from the theory of Elias and Scotson (1993). The specific tol-
erance values should arise from empirical data. The research question is how these val-

ues effect the model outcome.

4. Methods

To investigate this hypothesis, | proceeded in two steps. In the first step, the data from
the ALLBUS 2006 and 2016 were analysed. There, in accordance with Farley et al.
(1978), the consent to the different composition of neighbourhoods was asked. The first
step is a descriptive evaluation of this item. In the second step, a model was pro-
grammed in Netlogo (Wilensky 1999). The model that takes up the data from the
ALLBUS.

5. How the model works

The basic structure does not differ much from the segregation model of Wilensky
(1997), only the specifications made make it significantly more complex than the orig-
inal model. These changes will be discussed in the following. First, the model assumes
two distinguishable groups. For convenience, the agents have been coloured blue and
red. This colouring can be perceived by the individual agents. The two groups are ran-
domly distributed, just as is the case with Schelling. Due to the assumption of neigh-
bourhoods, there are no further social ties between the agents. The neighbourhood in
this case is therefore based on pure perception by the agents. The social identity is based
on one's belonging to a social group. In the following, we will discuss which settings

can be made in the model.



It is possible to vary the density of the agents. The density of the agents can be varied
between 0 and 100% via a controller. In this way, the assumptions of Schelling can be
used. In addition, there are two controllers for the neighbourhood preferences. In the
model the share of similar and unsimilar neighbours can be changed through sliders.
Therefore, in this text the term sliders is used. The %-similar-wanted slider specifies
how many agents of the same social group are desired in the neighbourhood. A second
slider (%-unsimilar-wanted) specifies how many different neighbours are desired in the
neighbourhood. Both sliders can be set to a value between 0 and 100.

There is the possibility to expand and limit perception. On the one hand, there is the
possibility to activate the Neumann neighbourhood. The Neumann neighbourhood is a
specific implementation in Netlogo and effects the number of neighbours the agents
perceive. If the Neumann neighbourhood is deactivated, the agent perceives its eight
neighbours completely. If the Neumann neighbourhood is activated, the agent only per-
ceives one neighbour above him, one below him and one to the right or left of him. This
means that the perception of the neighbourhood is reduced by half. With the slider ra-
dius-neigh, the neighbourhood can be extended to the perception of up to ten neigh-
bours. There is also the possibility that there are not only two, but four groups in the
model. This is done with the switch four-groups? Slider Noise adds a disturbance term
to the model that specifies a random value and thus makes the model more realistic. In
addition, monitors can be used to observe the concrete number of members in each
group, how many agents are happy and how similar the agent groups are. To begin with,
there are the variables of how high the average value of equal neighbours desired by all
agents is and what percentage of all agents are unhappy.

Table 1 shows the properties of the agents at the beginning.

property value concept

Happy? true/false If happy is false the agent moves and
look for a better place nearby.

similar-nearby numeric how many neighbouring patches have a
household with my group?

other-nearby numeric how many have a household of another
social group?

total-nearby numeric sum of other and similar variables

similar-nearby-fraction  numeric fraction of neighbours who have the

same social group than me



attractiveness-now numeric to compute and store current attractive-
ness once moving is considered

patch-now to remember current patch before
household starts moving

similar-nearby-opt optional new patch: how many similar
are nearby

other-nearby-opt optional new patch: how many house-
hold of another social group are nearby

total-nearby-opt optional new patch: how many house-
hold are there nearby in the potential
new spot

similar-nearby-opt- optional new patch: fraction of similar

fract nearby

ethnicity numeric belonging to a specific group

my-%-similar-wanted numeric the threshold for this particular agent

tolerance-level-neigh- numeric influence of tolerance to the neighbor-

bours hood composition

Table 1: properties of the agents at the beginning

The values of the belonging to one of the social groups, the tolerance-level, similar-

wanted and unsimilar-wanted are drawn randomly.

6. Results

In the ALLBUS, people were asked in which residential area they live or in which
residential area they would not like to live. Based on the vignettes of Farley and col-
leagues (1978), a typical residential area was drawn. This consisted of 49 units in order
to adapt it to the German context (GESIS 2011, 2017, Wasmer et al. 2007). The results
are shown in the table. It can be seen that homogeneous residential areas are also re-
jected by a small proportion. It is therefore more realistic for purely homogeneous
neighbourhoods to be rejected and thus for a certain number of the other social group
to live there. It turns out that many people prefer a proportion of foreigners between 8
and 50%, which are clearly different values than those assumed by Schelling. It is also

evident that neighbourhoods are only rejected above 66%. - rework

Want to live in the district Do not want to live in
this district




Proportion 2006 2006
of foreig-

ners (48

other units)

1 0 0,81 0,05
2 8,3 0,81 0,02
3 16,6 0,73 0,03
4 25 0,56 0,07
5 333 0,4 0,12
6 41,6 0,29 0,19
7 50 0,19 0,27
8 58,3 0,11 0,36
9 66,6 0,06 0,46
10 75 0,03 0,58
11 83 0,01 0,68
12 91,6 0,01 0,76
13 100 0,01 0,99

Table 2: Calculations from the ALLBUS 2006

In the model this implications were implemented by the variables %-similar-wanted
and %-unsimilar-wanted. In order to better adapt the values to reality, they were ran-
domly selected from the range between 0 and the set limit in the sliders. To answer the
research question of how the different values affect the model, an experiment was cre-
ated in the Behaviorspace in Netlogo. The different values for "density", "%-similar-
wanted" and "%-unsimilar-wanted" were varied. The parameter variations can be found
in Table 3. These variations are orientated on the results of the descriptive analysis of
the data. The maximum of the slider “%-unsimilar-wanted* is set at 20% because in the
next step under 50% of the people want to live in this area. The variation of the slider
“%-similar-wanted* is oriented on the empirical data, because if around 75% people
from a other live in the area only 1% want to live there. The density varies between 80
and 95 because 80 is the value Schelling (2006) choose and between 90 and 95 because
most cities in Germany have a vacancy rate of 5 to 10%. 100 runs were carried out per
parameter combination with a termination after 500 steps, in total there were 8000 runs
of the model.

concept name of the parameter values
random effect noise 0.03
density density 80, 85, 90, 95




other social group

surrounded by agents of the | %-similar-wanted 50, 60, 70, 80
same social group
surrounded by agents of the | %-unsimilar-wanted 0,5, 10, 15, 20

Table 3: Variation of the parameters in the experiment

Graphic 1 shows the variation of the means of the tolerance of all agents and the number
of the runs. On the one hand, the new parameters no longer result in a state of equilib-
rium in the model, but the runs have to be aborted. On the other hand, the tolerance
values increase plateau-wise, which is related to the selected population density. On the
other hand, the tolerance values rises up to 60%, which means that society seems to

become more tolerant simply because a small amount of mixing is desired by the peo-

ple.

mean similar wanted in %

Graphic 1: Mean of the similar wanted depending on the number of runs, separated
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Graphic 2: Distribution of mean of tolerance depending on the steps and variation of

the parameters and corresponding confidence interval.

Graphic 2 shows the distribution of the mean of tolerance depending on the steps and
variation of the parameters and the corresponding confidence intervals. The confidence
intervals are overlapping, which means that there is no clear difference between the
experiments is possible. The mean is differentiating between the experiments and is

lower with a density of 95 than with a density of 80.

7. Summary and Limitations

In this short paper, the theoretical basis for segregation has been presented first. For

this purpose, the theories of Schelling and Elias and Scotson were linked. This provided
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a theoretical foundation for the agents' chains reaction. Subsequently, the model devel-
oped was presented in Netlogo and its mode of operation was described. The rules fol-
lowed the theoretical foundation were translated in mathematical terms and imple-
mented in the model. With the ALLBUS results, individual preferences about ethnic
composition can be fed into the segregation model in a more complex but also empiri-
cally more realistic way. In this paper, an agent-based model is presented that works
with the empirical preferences from the ALLBUS. The distributions are rudimental im-
plemented in the model. It turned out that the different preferences ensured that the
agents became more tolerant overall and accepted more agents of the other group in
their environment over time. Looking at the models also shows that the respective seg-
regated areas in the model do not remain stable as in Schelling's model, but move. These
mechanisms need to be investigated further. In addition, the values from the ALLBUS
should be implemented more precisely in further models. At present, only random num-
bers are implemented as lower limits to implement a level of uncertainty as well. In
later models, the empirical distributions are to be implemented as well as lower and
upper limits. At the moment the individual tolerance is set at the beginning and not
changing anymore. The individual tolerance is changing during the life course this
should be implemented that the individual tolerance can be shaped as well by the cor-
responding neighbourhood. It is important to mention that the behavioural rule from
Schelling is implemented in this model, which is critical and should be investigated in
future research, if this rule reflects correctly the real world. In addition, only a simple
descriptive evaluation was carried out, with the extension of the agents' attributes, better
cause-effect relationships can be established. It would be interesting to investigate how
the models behave when there are four groups of agents with different distributions.
There is still more possibilities to use empirical data for agent-based models. In the next
step more attributes should be added to the agents and as well attributes should be added

to the patches.
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