
Chapter 23
Un Drôle De Type: The Schelling Model,
Calibration, Specification, Validation
and Using Relevant Data

Edmund Chattoe-Brown

Abstract This paper identifies a potential blind spot in ABM, linking aspects of
methodology and data use. The relative neglect of “specification” (empirical justifi-
cation of model components like particular agent decision processes) combined with
a relative paucity of qualitative data in ABM draws attention away from the possi-
bility that agents may make decisions in heterogeneous ways with uncertain impli-
cations for macroscopic system properties. Using the Schelling model as a simple
and well known example, this paper considers the role of specification as comple-
mentary to calibration and validation, the way that different kinds of data (qualita-
tive and quantitative) map on to different aspects of ABM methodology to justify
a model empirically and the possible implications of systematically heterogeneous
decision making. Some preliminary simulation results are presented and discussed
for mixtures of heterogeneous decision “types” grounded in existing secondary data.
The paper also considers exactly what the Schelling model can (and cannot) be taken
to show and how the legitimacy of various claims made for it relate to its empirical
justification.

Introduction

Famously, according to Maslow [1], to the man [sic] who has only a hammer, every-
thing begins to look like a nail (though it is less well known that the earliest citable
statement of this definite idea originated with Abraham Kaplan in 1964). One of the
general advantages of ABM is that it does not require assumptions to be made for
“technical” (i.e. not empirically justified or perhaps even justifiable) reasons as some
other formal methods do. However, as I hope to show in this paper, using variants
of the well known Schelling model [2], it is still unfortunately possible for ABM to
mistake something else for a nail, although rather through inadvertence and lack of
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methodological care than the technical limitations of the approach itself. The argu-
ment proceeds as follows. The next section considers the relative neglect of model
specification (empirical justification for claims about how particular elements of a
social process come to be represented as they do in an ABM) in contrast to the more
widely recognised concepts of calibration and validation. The third section considers
how various data types relate to particular aspects of specifying the Schelling model
(chosen as an example), namely how it is assumed that agents take moving decisions.
The fourth section presents and analyses some preliminary simulation results on
heterogeneous decision making. The fifth and final section concludes and discusses
the possibilities for further research on heterogeneity involving more effective use
of qualitative data.

The Assumptions You Don’t Realise You Are Making

The first problemwith discussing this issue is clearly one one of concepts and associ-
ated terminology. Leaving aside the contentious issue of what the range of legitimate
aims forABMare (and howweestablishwhether they have been successfully realised
in a particular piece of research)—see for example [3, 4], let us suppose that we are
interested in building an empirical ABM, one that is constructed using (and assessed
in terms of) data. Although their names sometimes vary, two concepts (which I shall
call calibration and validation following widespread but not universal usage) involve
assigning numerical values to parameters arising in the construction of anABM (cali-
bration) and comparing simulated output with corresponding real data (validation).
The Schelling model has been chosen for the argument here because it is widely
known in the ABM community and simple enough to demonstrate relevant issues
clearly without “bogging down” in potentially divisive modelling detail. (Another
disadvantage of non-empirical ABM is that arguments about the relative plausibility
of variant assumptions are typically unproductive.) The argument presented here
does not hinge on whether the Schelling model is “legitimate” or “valid” or exactly
what it “proves” (though it does potentially cast additional light on such matters as
I shall try to show shortly).

In this context, then, calibration involves assigning numerical values (a single
value for all agents, different constant values for different agent types, different ranges
for different agent types and so on) to the value of PP (the Preferred Proportion of
one’s own kind in the immediate neighbourhood) and validation involves choosing
a measure of clustering according to which corresponding real and simulated data
might be compared. This measure can be very qualitative (“there are some clusters”)
or rigorously quantitative (taking account of the advantages and pitfalls of different
formal measures of clustering [5]) without affecting the core argument of this paper.

However, for my purposes, what is important here is the related concept which
(while obvious ex post and probably “unavoidable” to effective empirical modelling)
is not commonly given a name (and certainly not a standard name). Leaving any other
assumptions of the Schelling model aside for a moment (although in fact we will
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rapidly return to them), we have to ask onwhat grounds Schelling decided that agents
would make the decision in the way he assumes they do and, in particular, why they
would all make that decision in the “same” way—leaving aside any variation in
PP which has been added to subsequent variant models. (We could ask on what
empirical grounds but that would be unfair to Schelling’s stated intention—despite
being a reasonable question generally—but even making the arguments Schelling
wished to make, there may be more or less legitimate grounds for specifying a
particular decision process. For example, it would not be ideal in scientific terms if
he had discarded decision processes without acknowledgement until he found one
that would serve the theoretical or policy point he wished to make! There seems to be
a belief in theABMcommunity that if you decide not to build an empirical model you
are not obliged to provide any objective grounds for saying that you have achieved
your modelling goals. In extreme cases, modellers do not even make clear what these
goals are which, of course, makes it very hard to fail in them!) Once this aspect of the
model specification (what kind of decision process or processes agents should have)
has been decided, the task of calibration is relatively banal in that it is obvious what
parameters need to be assigned values and (broadly) how those parameters should
be interpreted. (Other interesting matters can arise here however. If specification is
not carefully considered in an ABM then calibration may fail because the parameters
of an arbitrarily conceived decision process turn out to have no empirical referents.)
Without some decision process involvingmovement, anABMwould really no longer
be an example in the class of Schelling models at all. But the question legitimately
remains even though there may be a range of appropriate responses (depending on
the purposes of the model for example). Why that decision process? (And why that
decision process for everyone?)

Here, however, we divert briefly into the “meaning” and “value” of the Schelling
model to support arguments that follow. Clearly, regardless of the empirical corre-
spondence of either assigned PP values or the decision process, the Schelling model
does provide a simple and accessible introduction to concepts like non-linearity (the
“collapse” of increasingly rigorous clustering above a certain PP value), emergence
(the properties of clusters themselves which are not “reducible” to the properties
of agents) and complexity (the non intuitive relationship between individual agents
and their interactions and the macroscopic properties of clustering)—see [6] for
more detail on these ideas in the context of the Schelling model. This outcome does
not require the Schelling model to be “true” in any empirical sense, only that the
social story told about the model is not so implausible that the reader cannot engage
effectively with it at all. The “conceptual” value of the model can also be trans-
lated into legitimate advice about real styles of social science reasoning (though
not without some additional cautions). Under the set of assumptions that Schelling
makes (including the specification of a homogeneous agent decision process), the
model shows that clustering should not “automatically” be assumed to arise from the
“obvious” causes of individual “xenophobia” (or perhaps less morally disagreeable
self-preference). There will still be clusters even if people are quite tolerant given
Schelling’s assumptions (and some but perhaps not all other sets of assumptions he
might have chosen instead). There can also be an absence of clusters if people are very
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intolerant so that demonstrates that the naïve relationship assumed between levels
of analysis is neither necessary nor sufficient. However, this finding probably has no
bearing on what would happen in the real world if people made decisions differently
(and in particular with more diversity) than Schelling asserts that they do. It also
has no bearing on whether (in fact) intolerance or self preference are contributors
to observed pattern of ethnic residential segregation (which we have solid empirical
evidence to think that they may be—see, for example [7, 8]). Finally, we can be
fairly clear that (except under a rather special and unlikely set of circumstances) the
Schelling model does not “explain” the actual pattern of ethnic residential segrega-
tion in, say, a particular area of Chicago in 1965. The reason for this is that it is
unlikely that, “from his armchair” as it were, Schelling has hit on the correct (or
“processually dominant”) decision process and been correct in his (implied) judge-
ments that things like demography (specifically changes in family composition) or
the housing market (for example) do not have a significant impact on real patterns
of segregation. In fact, we have independent reasons [9] for thinking such things do
matter. (It is an interesting question whether it would be “fair” to test the Schelling
model empirically and how much it would really prove if it “failed” such a test.
Schelling himself did not claim it was an empirical model, though he did use it to
draw certain classes of conclusions which may or may not then be legitimate based
on an abstract model of this kind. However, subsequently, data collection methods
have been created to give at least a reasonable proxy for the PP parameter [10] thus
making it testable at least “in principle”. There have also been a fairly large number
of ABM “extending” the Schelling model [11] without really addressing the issue
of specification—and largely without validation either—thus implying that more
complicated models are somehow more plausible—or perhaps just less implausible.
This reminds me of the old joke about the farmer giving advice to the lost tourist:
“If I were you I wouldn’t start from here at all.” If the problem is not the specific
features of any variant model but their arbitrary nature, then simply having more
arbitrary features is not likely to produce scientific progress but rather models that
are increasingly difficult to interpret to no advantage).

Arguments about definitions canoften bogdowneffective debate but it is clear that,
whatever we choose to call it, the empirical justification for a particular specification
of decisionmaking in the Schellingmodel is an important matter, likely to affect both
the behaviour of themodel (and thus even its “abstract” conclusions about complexity
and legitimate inference between micro and macro levels of analysis) and its ability
to empirically “track” corresponding elements of the real world. This being so, I
shall refer to the empirical justification of model elements (like the decision process)
as specification to form a trinity with the better known and more widely recognised
processes of calibration and validation. (I would be happy to change this term for a
widely used pre-existing term but I can’t find any evidence of one. Obviously, there
is no particular reason for changing the arbitrary term I am using to an arbitrary
term used by someone else unless it is already generally accepted.) Taken together,
these three processes thus have the opportunity to offer empirical justification for all
aspects of an ABM (barring one complication discussed in the next section).
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But What About the Data?

On the whole, ABM seems far more interested in data in principle than in practice
[12]. Given the general preponderance of non empirical models, there is a small
but thriving community interested in the distinctive role of qualitative data (semi
structured interviews, ethnography and so on) in ABM (see, for example, the set
of articles discussed in [13]). From the more general social science perspective,
however, the relations between different data types and ABM methodology actually
seem relatively straightforward. The validation of the Schelling model involves large
scale surveys of the ethnic composition of households in neighbourhoods that can
be compared with the output of the model. (However, the lack of interest in data can
still cause ABM to overlook important issues. Taking the Schelling model or some
variant as potentially “true” for a moment, moving decisions would be determined by
how neighbours appear in terms of the subjective ethnic categories of each decision
maker. This is not the same—necessarily—as the self declared ethnicity that would
be established by a large scale household survey.) By contrast, broadly speaking,
how people actually make moving decisions (and how diverse these decisions are
as a matter of fact) i.e. specification, seem likely to be established predominantly by
qualitative methods [14]. This claim is clearly something of a simplification for the
purposes of argument. Firstly, some motivations may be inaccessible to self report
and/or extremely socially unacceptable (for example because they are illegal) and
may thus require covert and unobtrusive methods [7, 8] or perhaps experiments
(provided the broad shape of the decision process is already known so these can
be designed effectively). Secondly, data about moving decisions is not irreducibly
qualitative. Once one has a justified idea about broadly how people decide to move
which has been established robustly from interviews, surveys can then be used to
obtain more representative information about, for example, the relative importance
of different aspects in the decision. (In fact, given the unsuitability of existing qualita-
tive research onmoving decisions, I am, in a manner of speaking, using this approach
in reverse—suitable secondary survey data temporarily “standing in for” qualitative
data—to justify the ABM presented here.) Finally, it should be noted that qualita-
tive research for use in ABM may have particular requirements which pre-existing
research on the same topicmay not happen to satisfy [15]. For example, itmay need to
be more process based and more focused on the exact detail of decision mechanisms
[14].

There simply seems to be very little qualitative research on house moving deci-
sions generally and what there is does not seem very suitable to the specification
of ABM (having been designed without reference to the strengths and requirements
of the method). Pending the collection of more effective data in this area, however,
it is possible to make the necessary arguments for this paper provisionally using
secondary survey data. In a highly regarded study, which would have been avail-
able to Schelling, Rossi [9] asked people to report reasons for wanting to move. The
answers given are not necessarily of direct help in formulating a well grounded ABM
but they do give a more nuanced sense of whatmight matter in moving decisions and
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thus whether these might be systematically heterogeneous. For example, the largest
single response category (33%) concerns amount of closet (cupboard) space. This is
a property of a dwelling, not a “neighbourhood” or wider geographical context and
several other large response categories fall into this broad class: Open space around
the house (28%), amount of room (22%), heating equipment (16%), amount of air
and sunlight (14%) and amount of privacy (12%). Other reported reasons deal with
the neighbourhood but in a physical, rather than social sense: Street noise (23%). The
economic dimension is also relevant but not, contra economics as an academic disci-
pline, dominant: Rent (15%).Only two relatively small categories potentially address
Schelling’s interest in “neighbour preference” and even then we must be cautious
in our exact interpretation. Kind of people around here (13%) could be interpreted
in this way but need not be exclusively about ethnic composition. It could also be
about a neighbourhood that is noisy, untidy, unfriendly, “snobby” and so on. Thus
this 13% puts an upper bound on this kind of Schelling style motivation (assuming
accurate reporting but if we do not assume this, at least in the first instance, we are
dooming ourselves to a competition between entirely speculative models). The same
applies to the category kind of schools round here (6%). This could be read as a
coded reference to ethnic composition but might also refer to other issues such as
school quality. (It is actually an element of good questionnaire design that questions
should not be open to more than one interpretation by respondents.) Finally, there
is a moderately large class of responses which refer to the locations of places and
persons as part of the moving decision: nearness to friends or relatives (15%), near-
ness to church (9%), travel to work (8%), shopping facilities (6%). We can thus see
that the self-reported motivations on which the Schelling model is based are quite
a small proportion of the overall reasons given. (This data is not perfect and should
not be treated as quantitatively definitive. In several cases, it could be argued that the
data is open to more than one reasonable interpretation. For example should open
space around the house be treated entirely as a property of a dwelling or could there
also be an element of neighbourhood properties there? Fortunately, for the argument
presented here, based on qualitative not quantitative properties of the data, this does
not matter).

This analysis gives rise to the caveat about the exhaustiveness of calibration, vali-
dation and specification for empirical ABM raised in the last section. One relatively
neglected implication of the Schelling model is that it needs no “real” geography.
Because (by assumption) people only care about neighbouring types, there is no
virtue in modelling school location, shopping centres and so on. But if people do
report that they mind about such things (as in the Rossi data for example) then the
model needs to include them and how schools come to be located where they are is
not a fact that we can understand effectively just by talking to individual households.
We may thus need to access other kinds of data to justify our model assumptions,
creating the kind of simulated environment in which we would expect the empiri-
cally observed decision making processes to generate at least broadly the right kind
of simulated segregation. (It is an interesting question whether, to do this, we just
need a plausible distribution of schools or their exact locations for example.) Thus,
in order to be exhaustive, specification cannot be limited to agents but must also
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apply to the environment (and the properties of the environment cannot legitimately
be simplified just by making arbitrary assumptions about how moving decisions are
made.) In the next section I explore the patterns of segregation that arise under the
assumption of heterogeneous decision making in the Schelling model based broadly
on the Rossi data.

Some Preliminary Results

In the abstract I referred to this issue as a possible blind spot in ABM and it is
interesting that existing research (as far as I have yet been able to determine) seems
to interpret “heterogeneous decision making” in the Schelling model as meaning not
that people make decisions in systematically different ways (for example based on
different aspects of the environment following Rossi) but that they make decisions
in the same way but based on different preferences [16, 17]. In fact, ABM with
agents that are heterogeneous in decision process rather than parameters are still
relatively rare. (One reason for this may be that, without specification data, such
models could be argued to be avoidably complicated with no compensating virtues.)
The samemight be said to apply to anymodel which simply gave different weights to
different features of the dwelling, the immediate environment and the wider city like
churches and schools. (It is an interesting conceptual question whether permitting
“zero weights” would allow these decision models to be considered systematically
heterogeneous. It would partly depend on the distribution of weights to different
reasons across the population. In such a case, one person could decide entirely on
dwelling properties and another entirely on target locations but, arguably, they would
still be choosing “in the same way” but based on different weights.) The apparent
interpretation of “heterogeneous” in the literature conjecturally supports the view that
lack of attention to qualitative data (how do people actually make decisions?) and to
specification (why this decision rule rather than that?) has “shaped” the approach to
modelling in an implicit way that (once made explicit) cannot really be justified in
empirical terms. (This is fine, of course, if the modeller says they are not attempting
to build an empirical model as long as they also clearly state what other objective
contribution theirmodelmakes.) Once the problemhas been set up thisway, however,
it is relatively easy to build a relevant model and investigate the results. The ABM
(written in NetLogo version 6.0.4 and available from the author) starts with the
standard “Schelling type” found in the relevant Models Library. However, it then
adds the possibility of several other types (in proportions the modeller can specify)
based on the broad classes of responses found in theRossi data. For example, one type
of agent is unhappy unless they are within a certain target distance (which can again
be specified by the modeller) of a particular (arbitrary) location. This is a deliberate
abstraction from the idea that various physical locations like schools, churches and
offices may have some bearing on whether an agent wants to move. But how will
this reason for moving “interact” with the standard Schelling motivation in various
different proportions of the population? Can the presence of one type impact on the
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convergence of another to an equilibrium state? How and under what circumstances?
Another type of agent (again deliberately abstracted) is one that becomes unhappy for
“random”—which could actually mean non-modelled—reasons and becomes happy
again once they have moved. (It should be noted that this is a moderately plausible
way of introducing “noise” into the system—though it would be more plausible if
every agent sometimes moved for non modelled reasons rather than one type always
doing so. It is not really plausible that agents should do something as important as
moving house genuinely “at random”—moving costs are another issue missing from
the Schelling model quite apart from the housing market—so we might be claiming
instead that they did it for reasons without a process yet explicitly specified in the
model such as a death in the family.) Such agents are again fundamentally different
from both the “location targeting” agents described above and the standard Schelling
ones. This is how I use the term heterogeneous in this paper (which is not always
how it is used in other research which claims to deal with heterogeneous decision
making): That an agentmakes decisions according to a different process/specification
and not just based on different parameters for a homogenous process. Again, how
will different combinations of these various types impact on the resulting patterns of
ethnic segregation? The final type presented in this analysis is the “person targeting”
type, who judges their happiness not in terms of a physical location but in terms of
the position of a designated “significant other”. Again, this is a deliberate abstraction
from all the possible “person based” reasons (children, grown up parents, friends,
partners in business) given by Rossi that might impact on the ranking of different
locations. (I have only begun sketching out this approach and one detail still to
be clarified is exactly when we should call two decision processes different. For
example, the location seeking and person seeking types both make the decision
based on distance between them and the target and aiming to reduce it by random
movement but the kind of target differs in each case: A place or a person. Further, the
person seeking agent may find that the person they “seek” moves while the location
seekerwill not. Thus, for example, the effect of randommoversmay be “amplified” to
the extent that person seekers happen to nominate them as targets. Does it makemore
sense, then, to call these two decision processes homogenous or heterogeneous? I
merely remark on this issue for now.) For reasons of space and simplicity, one broad
type identifiable from the Rossi data has not yet been implemented (though it should
be simple to do so). This is the “dwelling targeting” type that is happy if the property
they live in meets various criteria of rent, adequate storage, privacy and so on. It is
hoped that this type may be implemented by the time of the conference but it could
be argued that in terms of the logic of the Schelling model, such types are, on their
own, socially trivial. (More generally, however, types that have trivial behaviours
in isolation may have non trivial ones in combination with other types. This is one
motivation for exploring the behaviour of such systems).

The formof the simulation results is actually very simple to report. Using a popula-
tion of standard Schelling types as a baseline, a number of runs (ten per experimental
condition) were performed with various combinations of types (to be described in
detail below). These runs were characterised (as with the standard Schelling model)
using % of similar neighbours and % of agents “happy” at the end of the run.
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Fig. 23.1 Comparison of % similar neighbours for ten runs where all agents are standard Schelling
types (dashed) and when 45% are random movement types (solid)

However, because with some combinations of types, complete satisfaction is impos-
sible (random movers are potentially never satisfied), the simulation was run until
complete satisfaction or for 100 ticks whichever was shorter. This time period was
chosen because the standard Schelling model converges easily within this length of
time for the parameters used and there was no sign that any run had failed to converge
as far as it was going to within this time period. (The initial population density in all
runs was 90% and the % of similar neighbours wanted—where relevant—was 30%.)
Figure 23.1 shows a typical result from this comparison between sets of runs.

Several points should be noted from this Figure supporting the rest of the analysis.
Firstly, by presenting each set of ten runs ordered by value, it is clear that there is
an effect of a certain size between the different conditions. In all runs, the % similar
is higher in the standard Schelling condition by about the same amount. Not all
such results can be reported here (for reasons of space) but are available from the
author. However, such an analysis justifies reporting average values of conditions
(and differences between them) as meaningful (and demonstrates that ten runs per
condition is “sufficient” for the results to be relied upon.) Secondly, there is the result
itself. Clustering is higher when all agents are the standard Schelling type rather than
45% being random movers. (This % was chosen arbitrarily because it divided easily
into the three other types being analysed but also because it was a large though not
dominant proportion. The majority of agents in all runs—55%—are still standard
Schelling types.) Thirdly, although the result is robust, it is small, with a difference
between averages of only 2.39%. If we choose to think of the Schelling model in
empirical terms, it might be quite hard to distinguish between these two possibilities
assuming, for example, that therewas noise (or non response) in the household survey
data or if the modelled types were only an approximation to the whole population of
behaviours discovered by qualitative interviews. This shows that the homogeneity
assumption “matters” to the behavior of the model but that the size of the effects may
make them quite hard to distinguish without careful attention to data and research
design.

It would be wasteful to report all the bar charts for different combinations of types
but all bar one (which shows a single anomalous pair of runs out of ten) display the
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Table 23.1 % similar and % unhappy for different proportions of four decision making types
(standard Schelling, random mover, ideal location seeker, ideal person seeker)

Proportions of non Schelling
types (random, location
seeking, person seeking)

% similar (average of 10 runs) % unhappy (average of 10
runs)

0, 0, 0 74.21 0

45, 0, 0 71.82 2.46

0, 45, 0 73.99 7.21

0, 0, 45 64.21 0

15, 30, 0 73.6 5.61

15, 0, 30 69.05 0.84

0, 30, 15 71.58 5.15

15, 15, 15 71.56 3.11

same pattern of consistent effects sizes between pairs of conditions. Table 23.1 is a
summary of results from a number of conditions which will form the basis for the
rest of the analysis.

A number of points can be noted from this table. Firstly, only the person seeking
type on its own is compatible with the complete satisfaction found in the pure
Schelling case but leads to significantly lower % similarity. Apart from this, even
when there are no random types (which are, by design, perennially unsatisfied), there
is always residual dis-satisfaction but the differences between the % similarity in all
these conditions are small relative to pure Schelling and are therefore likely to be
difficult to detect in data. (It should be noted that this provides another example
of the advantages of taking the Schelling model “seriously” in empirical terms. It
would be very straightforward to collect data about levels of housing disaffection and
“aims” for desired new dwellings as part of the household surveys potentially used
to validate the Schelling model. To my knowledge this has not been done however).

Secondly, apart from the condition mixing Schelling types and person seekers, all
levels of similarity are broadly comparable across conditions and below the value for
the pureSchelling population. There ismore proportionate variation in the%unhappy
across conditions and we can consider whether this phenomenon can be decomposed
into separate effects for each type. Table 23.2 shows the results of this analysis, which

Table 23.2 Calculated and actual % unhappy for different combinations of non Schelling types

Proportions of non schelling types (random,
location seeking, person seeking)

Calculated % unhappy Actual % unhappy

15, 30, 0 5.63 5.61

15, 0, 30 0.82 0.84

0, 30, 15 4.81 5.15

15, 15, 15 3.22 3.11
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involves combining the effects of runs with only one other type in proportion to their
fractions in the population for runs with more than one other type. For example, 45%
random gives an unhappiness of 2.46 and 45% person seeking gives an unhappiness
of 0%. This predicts that (assuming the type effects are separable), that a combination
of 1/3 * 2.46+ 2/3 * 0= 0.82%. The corresponding actual value with three types is
0.84% suggesting that these effects are very close to decomposable.

Finally, we can think about what these results might actually signify. Because
of the way they are specified, random movers will never be permanently satisfied
and thus, in principle, it is easy to distinguish populations containing them from
those that do not. In practice, however, this is only true because of another arbitrary
simplification in the standard Schelling model, namely that agents do not arrive
from outside or leave the area. If they did this (which in reality they do of course),
then it might be significantly harder to distinguish dis-satisfaction of this kind from
that arising via random mover types. Because of the simplifying assumptions made
to illustrate points about decision heterogeneity, there is a plausible explanation
for the decomposability of different type effects observed here. Getting near to a
single target person (who is statistically unlikely to be the target for many other
people) is relatively unchallenging. The same is true of getting close to a particular
location because, again, there is little “competition” for any particular spot. The
same might not be true if, for example, some target locations were much more
“in demand” than others (which we would actually expect, for good schools for
example) and your target individual happened to be located close to one of these.
Interestingly, the least convincingly decomposable combination involves a mixture
of location seekers, person seekers and no random movers. Perhaps there is at least
some “aggregate interference” by each type in the goal satisfaction of the other which
random movers in some way meliorate. (It should be noted that, arbitrarily, agents
have to be really rather close to their target to count as satisfied, no more than four
“coordinate points”—sum of differences in x and y coordinates.)

However, it is important to draw the right conclusions from this analysis. What is
important is that we can explore the effects of decision homogeneity in the Schelling
model (and by extension in ABM more generally) but also, to avoid this being a
purely abstract exercise introducing complication to no empirical purpose, we can
ground this heterogeneity in data (in this case secondary survey data but ideally
effective qualitative data) by being explicitly aware of the concept of specification.
In the final section I turn to the wider implications of this approach.

Conclusions and Further Work

The argument can usefully be recapped at this point. There seems to be a tendency
to minimise the importance of specification in ABM (empirical justification of, to
take the Schelling model as an example, why agents are assumed to make decisions
the way they do and why they are all assumed to make decisions in the same way).
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Qualitative data allows us to think effectively about this issue by acting as a poten-
tial justification for decision processes and their observed diversity. (The standard
method of systematic qualitative analysis—so called Grounded Theory—argues that
one should focus on themost recurring patterns in data which could be for example, if
the right questionswere asked, the commonest ways ofmaking decisions [18].) Since
this is a work in progress and existing qualitative research on relocation has proved
unhelpful regarding moving decisions, I have made the argument “provisionally”
using secondary survey data.

Nonetheless, this analysis allows us to think more carefully about exactly what
we mean by heterogeneous decision making, to explore the dynamic implications of
such heterogeneity (and consider how challenging it might be to confirm or reject
such diversity using real data) and to extend our thinking about exactly why (and
when) different types of decision making might have (or fail to have) effects that are
decomposable in a simplifying way. At this stage, the broad answer seems to be that
effects are decomposable when type decision processes do not create “lumpiness” in
the structure of residence whichmight distort the outcomes of other types of decision
making. It so happens that the types specified here satisfy this requirement but others
that can easily be envisaged need not.

This in turn suggests a number of obvious areas for further the research. The first is
a much more detailed exploration of the parameter space with 45% of non Schelling
types being pretty much arbitrary. Another obvious way to look at the decompos-
ability of effects is to see whether these “scale”. (Are 15% of location seekers 3 times
as unhappy as 5%?) Do these results depend on the size of the Schelling type propor-
tion (which has been left constant across all runs?) Are there other combinations
of types behaving in unexpected ways? Are type effects less decomposable when
satisfaction is more challenging to achieve? A second set of explorations involves
contextualising the observed behaviour. Is it still so easy to distinguish between levels
of unhappiness when agents arrive and leave in the simulation? What would happen
if “random” (i.e. non-modelled) behaviour wasn’t a type in itself but applied to other
types with a low probability? (It is generally useful to think about what is means for
the Schelling model to be non deterministic in empirically plausible ways.) Does it
matter that these results abstracted out from agents seeking dwellings with particular
attributes? Would such agents “break” the significant amount of decomposability
observed here? (More generally, what can we learn from the fact that some type
effects are plainly decomposable and others apparently less so?).

Finally, a combination of having a definite model in mind (albeit a stylised one)
and seeing what is wrong with existing qualitative research on relocation from the
perspective of ABM will make it much more feasible to collect qualitative data that
can actually justify a specification for an ABM of ethnic residential segregation that
is likely to “survive” validation.
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