Journal of Simulation

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/tjsm20

©

Taylor & Francis

Taylor & Francis Group

An agent-based model of school tracking,
accountability, and segregation

Nicola Pensiero & Markus Brede

To cite this article: Nicola Pensiero & Markus Brede (2024) An agent-based model of

school tracking, accountability, and segregation, Journal of Simulation, 18:4, 524-538, DOI:

10.1080/17477778.2024.2326138
To link to this article: https://doi.org/10.1080/17477778.2024.2326138

8 © 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

A
h View supplementary material &

@ Published online: 18 Mar 2024.

\]
C;/ Submit your article to this journal &

||I| Article views: 700

A
& View related articles &'

View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=tjsm20


https://www.tandfonline.com/journals/tjsm20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/17477778.2024.2326138
https://doi.org/10.1080/17477778.2024.2326138
https://www.tandfonline.com/doi/suppl/10.1080/17477778.2024.2326138
https://www.tandfonline.com/doi/suppl/10.1080/17477778.2024.2326138
https://www.tandfonline.com/action/authorSubmission?journalCode=tjsm20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=tjsm20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/17477778.2024.2326138?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/17477778.2024.2326138?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/17477778.2024.2326138&domain=pdf&date_stamp=18%20Mar%202024
http://crossmark.crossref.org/dialog/?doi=10.1080/17477778.2024.2326138&domain=pdf&date_stamp=18%20Mar%202024
https://www.tandfonline.com/action/journalInformation?journalCode=tjsm20

JOURNAL OF SIMULATION
2024, VOL. 18, NO. 4, 524-538
https://doi.org/10.1080/17477778.2024.2326138

THE

OPERATIONAL .
RESEARCH Taylor & Francis
SOCIETY Taylor & Francis Group

RESEARCH ARTICLE

8 OPEN ACCESS | ™ check forupdstes

An agent-based model of school tracking, accountability, and segregation

Nicola Pensiero(»? and Markus Brede®

aSchool of Education, Southampton University, Southampton, UK; ®School of Electronics and Computer Science, Southampton University,

Southampton, UK

ABSTRACT

Extant research on the effect of education system characteristics on school socio-economic
segregation does not consider education as a complex system. This paper’s contribution lies in
using agent-based modelling to simulate the effect of the interaction between families’
strategies for school selection and two education system characteristics: tracking — a system
where students of different academic abilities are separated in different schools — and school
accountability - the public availability of information on school quality. The model shows that
school tracking and accountability tend to at the same time attenuate and increase school
socio-economic segregation, but overall both policies tend to exacerbate segregation by
eliciting competition for the best schools. The policy implications are: (i) tracking has a stronger
exacerbating effect on segregation than accountability, (ii) the two polices interact to create
compounding effects and (iii) by reducing residential segregation between families the segre-
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gating effect on schools of the two policies diminishes dramatically.

Introduction

School segregation - the unequal distribution of chil-
dren from different socio-economic backgrounds
across schools (Allen & Vignoles, 2007) - is an endur-
ing problem in modern western societies (Gutiérrez
et al., 2020). School segregation exacerbates inequal-
ities in educational achievements (Langenkamp &
Carbonaro, 2018; Levaci¢ & Woods, 2002; Thrupp,
1995; Van Ewijk & Sleegers, 2010) and political com-
petences (Janmaat, 2020), leads to larger inequalities
in adult outcomes (Palardy, 2015), and threatens social
cohesion (Mickelson & Nkomo, 2012). School segre-
gation represents a challenge for research as it is the
aggregate result of actions and preferences of families
that give rise to emerging outcomes which were not
intended by families or policy. This makes segregation
a complex phenomenon, which cannot be studied as
the sum of policies” intentions or families’ strategies.
This paper focuses on two key education system
characteristics which are consequential for school
socio-economic segregation: school tracking, which
determines how students are selected into schools,
and school accountability, i.e., the mechanisms to
hold schools responsible for the quality of their teach-
ing. There are different forms of accountability, such
as inspecting the financial management of the schools
and involving students and parents in the school gov-
ernance, yet this paper focuses on the public availabil-
ity of information on school quality, which is the
dimension of accountability that is most associated

with students’ performance (Fuchs & Woéfimann,
2007; Jurges et al., 2005; Woessmann, 2005). School
accountability aims to improve schools’ performance
by providing families with information on schools’
quality, but by encouraging competition between
families for the best schools, it unintentionally affects
school segregation. Families choose a particular school
to benefit their children with no intention of affecting
the broader community, yet with their choice they
change the social composition of the school their
child attends (Jenkins et al., 2008).

Educational tracking is the policy of allocating stu-
dents into different types of school tracks varying in
the content and level of the curriculum. Although all
educational systems use some form of tracking or
streaming, we follow previous comparative studies
(Bol et al.,, 2014; Gorard & Smith, 2004; Jenkins
et al., 2008; Van de Werthorst & Mijs, 2010), and
focus on curricular tracking between school types,
i.e., a system where students of different academic
abilities are separated in different schools. In most
countries the tracking starts at age 15 or 16 with the
transition to upper secondary education, offering one
or more general or academic tracks preparing for
higher education, and a series of vocational tracks
offering training for specific occupations in the labour
market. Academic tracks have higher esteem and
accessing them is selective and is based on students’
prior academic achievement. The use of students’
prior achievement in the school admission policy
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aims to select students to cater education to the stu-
dents’ needs. The policy does not intend to change the
school’s socio-economic composition, yet one of its
unintended consequences is a change in the socio-
economic composition of the school because pupils’
academic achievement is associated with their socio-
economic background (Thomson, 2018).

The analysis of school segregation is further com-
plicated by residential segregation (Jenkins et al.,
2008), which is external to the education system, but
nonetheless has an impact on school segregation. The
driving force of residential segregation — which has
risen over the last two decades (Fujita & Maloutas,
2016; T. Tammaru et al., 2016, 2020) - is the choice of
high-income socio-economic groups, which can
afford to realise their residential preferences, whilst
poorer socio-economic groups have more limited
choice of where to live and over the school to enrol
their children to (Hulchansky, 2010).

Conducting empirical analyses on the association
between education system characteristics and school
segregation is difficult, which explains why empirical
studies on the determinants of school segregation are
few. How schools select students and the degree to
which schools are accountable for their performance
are factors which vary across countries, requiring an
international, comparative research design and data
on families’ choices and school characteristics, which
extant international datasets do not contain. The dif-
ficulties of conducting a statistical analysis at the
country level with several explanatory factors and the
lack of international data is a barrier to conducting
research on the above questions. Indeed, only
a handful of multi-country studies analysed the asso-
ciation between tracking and school segregation
(Burger, 2019; Chmielewski, 2014; Chmielewski &
Savage, 2015; Gorard & Smith, 2004; Jenkins et al.,
2008; Murillo et al., 2018; Strello et al., 2022), and no
study has simultaneously considered the effect of
school accountability on school segregation. A few
studies were conducted at the city level (Gortazar
et al., 2020; Klaauw et al., 2019). However, the limited
scope of these studies does not allow for conclusions
about national policies, such as school accountability
and school tracking. This paper uses agent-based
modelling, which - based on realistic assumptions -
runs simulations of the emerging segregation out-
comes which result from different behavioural and
policy hypotheses. Agent-Based Models (ABMs) are
effective tools to conduct counterfactual analysis
in situations like these where statistical analyses are
not possible because of either the lack of data or
limitations arising from small sample sizes. Another
advantage of agent-B=based modelling is that it
explains how individual actions give rise to complex,
aggregate and emerging phenomena (Bianchi &
Squazzoni, 2019; Epstein, 2008; Franck, 2013) such
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as school segregation. Rather than assuming the
mechanisms that lead to macro phenomena such as
segregation, this paper attempts to account for the
actions and motivations of students and families
which give rise to school socio-economic segregation.

The model we propose here is a typification (Boero
& Squazzoni, 2005) of school segregation which refers
to Western education systems and is intended to
investigate some key general features of education
systems rather than specifics of a particular region or
country.The focus on macro characteristics that vary
across countries is suitable to the creation of
a typification, because a national-specific model
would answer those questions with specific conditions
(Boero & Squazzoni, 2005).

The model is abstract and generically applicable to
several contexts, which are represented using OECD
and other sources of international comparative data.
Averaging household and students’ characteristics
across Western countries, we construct an “ideal”,
average context as a reference for our model
Grounded in this abstract context, the model aims to
to analyse how family strategies and national policies
drive segregation in state schools." Specifically, using
evidence-based assumptions about individual prefer-
ences, the model simulates the effects of levels of
school accountability (vs non-accountability) and
selective (vs comprehensive) systems on school segre-
gation. These are policies that typically vary across
countries, with the majority of European countries
being accountable and selective, Sweden, Canada and
the United States being non-accountable and compre-
hensive, Spain and Italy being selective but non-
accountable, and Norway being comprehensive but
accountable (Leschnig et al., 2022). The proposed
study offers one of the first analyses of the effects of
education system characteristics on segregation. It is
also unique in analysing the combined effects of macro
characteristics and families’ preferences. As it is one of
the first studies using ABMs in education research, it
can also be considered a proof of concept for future
analyses. As we will show below, the model is able to
reproduce a realistic representation of segregation
levels across Western societies (Gutiérrez et al., 2020).

School tracking and accountability

Previous research argued that school tracking
increases social inequalities in educational attainment
as it exacerbates the effect of parents’ socio-economic
status (SES) on achievement and aspirations (Van de
Werthorst & Mijs, 2010). Research confirms that com-
pared to the academic track, the non-academic track is
typically not as resourced (Figlio & Page, 2002), is
characterised by less academically oriented peers
(Entorf & Lauk, 2008), is less demanding (Gamoran
& Mare, 1989), and therefore has a negative effect on
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academic performance. As low SES students are dis-
proportionally represented in the non-academic track
the overall result is increasing educational inequalities
between high and low SES children (Hallinan, 1994;
Van de Werthorst & Mijs, 2010). Empirical evidence
points to increased SES inequalities in cognitive and
non-cognitive outcomes, and educational attainment
linked to school tracking (Hanushek & Wofimann,
2006; Lavrijsen & Nicaise, 2016; Parker et al., 2016;
Reichelt et al., 2019; Strello et al., 2022; Van de
Werthorst & Mijs, 2010). The alternative view is that
in a tracked system upper- and middle-class children
are less likely to pursue “status maintenance” indepen-
dent of academic ability as it is more difficult to enter
the more academic track if their academic ability is not
high enough. Consequently, the focus on academic
performance could mitigate the effect of background
on school choices, thus reducing segregation (Bol
et al., 2014).

Only a few studies have analysed the association
between school tracking and school SES segregation.
The main findings are: (i) that there is considerable
international variation in the degree of school SES
segregation, confirming the importance of institu-
tional, country level factors; (ii) the stability over
time of school SES segregation (Gutiérrez et al., 2020;
Jenkins et al., 2008); and, (iii) contrasting findings
regarding the relationship between the degree of track-
ing and school socioeconomic segregation, with some
studies suggesting that socio-economic segregation
tends to be higher in countries implementing early
tracking (starting at lower secondary) but others sug-
gesting that high levels of segregation are instead asso-
ciated with countries using late tracking (Burger, 2019;
Chmielewski & Savage, 2015; Chmielewski, 2014;
Gorard & Smith, 2004; Jenkins et al., 2008; Murillo
et al., 2018, OECD 2019; Strello et al., 2022). These
studies are limited by a relatively small sample size,
which prevents multivariate analysis and makes it
hard to analyse the interaction between the effect of
tracking and that of other institutional factors such
residential segregation and family school choice.

We now discuss the potential impact of account-
ability on school segregation. As there is no research
on the topic, we propose two alternative hypotheses.
We know that in systems where schools are accoun-
table, academic performance is more important as it
signals school quality (Fuchs & Wéfimann, 2007).
Hence, one hypothesis is that accountability incenti-
vises families to choose good schools regardless of
their social composition, which tends to reduce school
segregation. If there is no public information on
school performance, families will choose schools
based solely on the school’s academic status and social
composition, which exacerbates segregation. If infor-
mation on performance is publicly available, then

families weigh social composition, status and school
performance, and high-income families have an
incentive to choose the high performing schools
regardless of their social composition. Empirical
research showed that school accountability, and in
particular central exit examinations - which are
a more objective signal — mitigates the effect of track-
ing on inequality of opportunity (Bol et al., 2014). An
implication of this finding is that school accountability
might reduce school segregation.

Conversely, it is possible that accountability exacer-
bates segregation. Accountability changes the way in
which individuals choose schools, generating compe-
tition between families and schools, which exacerbates
inequalities in the housing market and could lead to
marginalisation and segregation in schools (Benabou,
1993). The overall level of school segregation will
depend on which of the two mechanisms prevails. So
far, the empirical research on education has not con-
sidered the hypothesis of a possible exacerbating effect
of accountability on segregation. Here we provide the
first analysis of the diverse implications of account-
ability for school segregation using an agent-based
model.

Despite the potential of ABMs in education
research (Marlin & Sohn, 2016), ABMs have been
rarely used in education research. Manzo (2013)
demonstrates that the interdependencies between edu-
cational choices within the relevant network of peers is
key to explain social class inequalities in educational
choices in France.

Moving to studies that used AB modelling to ana-
lyse education policies, Diaz et al. (2019) analysed the
consequence of a choice-based system as opposed to
a residential system. They found that a choice-based
system improves achievement overall by improving
the achievement of low-income students. However,
the model did not analyse segregation, but predicted
an increase in enrolment of low-income students in
higher achievement schools, suggesting that school
choice tends to decrease school segregation.
Millington et al. (2014) analyse the implications of
distance-based school-place allocation policies on
London-based local educational authorities. Using
aspirations for the best schools as the main parents’
characteristics, they found that it is families with above
average, but not very high, aspirations that are unable
to get their child into their preferred school more
frequently than other parents. This study is relevant
to the proposed model because it shows that school
choice in combination with a distance-based admis-
sion policy can result in unexpected and suboptimal
outcomes, i.e., parents with above average aspirations
being penalised in school allocation. By contrast,
Johansson (2022) considered residential segregation
in a model of school segregation and found that the



impact of school allocation mechanisms such as dis-
tance-based or lottery-based methods is negligible
compared to the impact of residential segregation.

Economic inequality and family choices

After moving to a bigger house and moving to a better
area, school choice is a key reason for moving and
parents are willing to pay significantly more to buy
a house located near to better performing schools
(Bernelius & Vilkama, 2019; Hansen, 2014; Owens,
2017). This suggests that the segregation of economic-
ally disadvantaged families in less desirable areas at least
partly relates to school choice through the competition
for houses in areas where schools perform better.

Families across the socio-economic spectrum, tend
to choose schools proactively within their district
based on academic quality and socio-economic com-
position (Riedel et al., 2010). Whilst research shows
that families are proactive in selecting their children’s
school, they are constrained by distance. A reform that
extended the choice set of Madrid families from the
schools within the district of residence to the schools
of the entire city did not change the level of school
segregation, suggesting that families prefer schools
which are in their vicinity (Gortézar et al., 2020).
Research conducted on school choices in the UK
showed that the introduction of a distance-based
school-place admission policy, which allocates places
at over-subscribed (popular) schools according to how
near a family lives from the school, did not signifi-
cantly change the level of segregation in schools (Allen
& Vignoles, 2007).

The distance from school is thus a key factor influ-
encing school choice and will be included in the pre-
sent model.

The proposed model considers that families move
to the area in which the chosen school is located.
This mechanism best describes systems which use
a distance-based school-place admission policy, yet
we propose that this may be a good approximation

Table 1. Entities and state variables.
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to understand school choice in other systems, too.
Indeed, overall research - conducted across systems
with and without a distance-based admission policy —
shows that families prefer schools in the vicinity
(Gortézar et al. (2020), for a review see Black and
Machin (2011)). The plausible reason is the reduc-
tion of travel costs and hazards for young children
associated with school vicinity (Guntermann &
Colwell, 1983). We therefore assume that families
avoid schools which would require commuting long
distances to attend. In the model, this is translated
into considering that families move to the “patch”
where the school is located and do not commute
between patches. This is a simplifying assumption
of a more nuanced reality where the families’ pro-
pensity to commute reduces progressively for more
distant patches.

The model

A complete model description, following the ODD
(Overview, Design concepts, Details) protocol
(Grimm et al., 2020) is provided in the supplementary
material.

The proposed model aims to represent school
choices and the consequent school segregation under
various policy scenarios.

The model includes the following entities: schools
and students. The state variables characterising those
entities are listed in Table 1. Schools are created by
assigning a special status to selected “patches”, whilst

students are represented by “agents”.?

Spatial and temporal scales

Students and schools are placed randomly in a two-
dimensional grid, with a total of 33 times 33 = 1089
square patches. The model runs at a 1-academic year
time step and focuses on the choice of secondary
school and its consequence for school segregation.

Entity Variable Description Values Unit
Students Social class Goldthorpe social class schema of  Upper class (large employers, higher managers and professionals); -
background parents’ occupation Erikson et al., intermediate and working classes (lower managerial, administrative

(2010).

Academic achievement across the
different subjects
Family income

Achievement

Income

Schools  Schoolachievement Average school achievement

and professional, small employers, own-account workers, routine or
semi-routine sales, service, technical, agricultural and clerical
occupations.

Normal distribution (mean = 5, SD = 1, range = 0.1-10%) -

Bimodal distribution made of two normal distributions with different EURO
means for the upper class (60000, SD: 20000) and intermediate,
working-class (20000, SD = 6666)**

Average achievement of students attending the school -

Academic Whether the school is academic or 13 school are assigned the academic status, 17 schools the vocational -
vocational status
Schoolincome Schools’ average income Average income of students’ families in each school EURO

*: We modelled the achievement variable to vary between an upper and lower bound. Upper bound values are capped at 10 and lower bound values are

capped at 0.1.

**: Upper bound values are capped at 500,000 and lower bound values are capped at 0.1.
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Table 2. Variables defining the model’s environment and scenarios.

Rationale

Model variable Value
Environment

Number of students 9000

Number of students per school 300

Number of schools 30

Proportion of upper-class children 30

Income distribution

Two normal distributions with different means for

A relatively high number of students is needed to
ensure representation of the spread of values of
achievement and income variables

This is the estimated number of places available
each year per school (1000 school size/number
of years 3)

Number of students/number of students per school

This is roughly the proportion of upper-class
occupations in the Goldthorpe social class
schema Erikson et al. (2010).

Piketty “wid” 2018 cross country data

the upper class and intermediate/working class
groups, so that the upper-class families (30% of
students) own 55% of total income

Students’
achievement distribution
versus 4) by design.

Scenarios
Tracking

The gap between socio-economic groups is 1
standard deviation (mean achievement of 5

Comprehensive system versus tracked system. In
tracked systems, low achieving students (1 SD
below the mean) cannot access academic

The mean gap in achievement (e.g., science) score
between disadvantaged and advantaged
students is slightly less than 1 standard deviation
across OECD countries OECD (2018).**

Norway, Sweden United States and Canada have
comprehensive systems, other countries have
tracked systems.

schools. Tracking refers to between school

differentiation.*
School segregation by income

School

accountability public

Students can enrol in schools where their income is | experiment with different thresholds. Schools are
not much lower than the school average

not accessible if the student’s income < 1.3, 1.6,
2,2.05, 2.2 or 2.5 times the school’s average
income Van Ham et al. (2015).

Information on school performance is public vs not Across OECD countries, 38% of students attend

schools that provided achievement data
publicly. In US, UK and Israel the percentage is
greater than 75% OECD (2020).

*: Schools can offer different curricula to different types of students, but the main form of tracking is curricular tracking between school types, i.e., a system
where students of different academic abilities are separated in different schools (Bol et al., 2014; Gorard & Smith, 2004; Jenkins et al., 2008; Van de

Werfhorst & Mijs, 2010).

**: Advantaged students are from the top 25% families on the PISA index of economic, social and cultural status (ESCS). Disadvantaged students are from

the bottom 25% families on the PISA index of ESCS (OECD, 2018).

Environment

9000 Students are divided into two social classes —
2700 upper class and 6300 intermediate and working-
class students — and choose between 30 schools of size
300, reflecting a typical scenario that students face
when deciding to enter secondary schools
(Giambona & Porcu, 2018; Leithwood & Jantzi,
2009). The two social classes have different (normally
distributed) incomes so that the advantaged group
(which includes 30% of families) have 55% of all the
income, reflecting the average income distribution in
2019 across 49 countries represented in the WID
(world inequality database, Alvaredo et al., 2018). 13
schools are assigned the status of academic school and
17 that of vocational secondary schools to reflect the
higher incidence of vocational schools across educa-
tion systems (Table 2).

In systems where schools are accountable, informa-
tion regarding the quality of schools is available to the

public.
To measure school segregation, we use two com-
monly used indices - the dissimilarity index

D (Massey & Denton, 1988; Duncan & Duncan,
1955) and the square root Index H (Hutchens
2001) - both of which capture the degree to which

the distribution of two groups across schools differs
from the distribution of the two groups in the broader
population. Specifically, we have

C . 1 N Cis C2s
Dissimilarity(D) = > 25:1 |a -5 !
where ci5 and ¢, are the numbers of children of class 1
(upper class) and 2 (working/intermediate class) in
each school s. C; and C, are the numbers of children
of class 1 and 2 in the total population.

The index ranges from zero to one, whereby a value
of zero indicates complete integration in that the pro-
portion of both groups in every school is equal to the
proportions found in the population; a value of one
indicates that there is complete segregation of pupils
in that each school hosts only one group of students.
The index D has an intuitive interpretation as it repre-
sents the proportion of children that would need to be
moved to a different school to have perfect school
integration, where every school is a local representa-
tion of the distribution of classes in the overall
population.

The index H:

N Cis

(_ i \/ ClsCZS)

Square root(H) = Z . CC.
1 16

s=1



The index H measures how far a school is from even-
ness in the distribution of students’ backgrounds. This
is calculated as the difference between the geometrical
mean of the proportions of students from different
backgrounds in the absence of segregation, and the
geometrical mean of the actual proportions.

Like previous studies (Gutiérrez et al., 2020; Jenkins
et al., 2008), ours also shows that the two measures
generate the same results. Hence, we use primarily the
dissimilarity index D due to its ease of interpretation
and its wide use in previous literature on school seg-
regation (Burgess et al., 2019; Gorard, 2009; Gutiérrez
et al., 2020; Jenkins et al., 2008). We test the robustness
of the results to the use of the dissimilarity index in
Table 3 where we show the results obtained using
the square root index H too. The conclusion is that
the characteristics of the two indices do not affect the
result. We do not use exposure measures, which are
also commonly in social sciences, as they are not scale
invariant (Frankel & Volij, 2007).

Processes

The model allocates students to secondary schools
based on students’ preferences and given budget con-
straints and school selectivity. Our model of student’s
choices is based on the idea that the agents are bound-
edly rational. Following the seminal ideas of
McFadden (1974) school choices are assumed to be
probabilistic, where noise in decision-making repre-
sents both potential factors influencing decisions
which we do not explicitly account for and the limited
knowledge and reasoning capabilities of the actors. In
more detail, we model school choice using
a probabilistic model called quantal choice model
(Goeree et al,, 2016; McKelvey & Palfrey, 1998)
which is suitable to represent boundedly rational
behaviour when the options are represented by a set
of finite and discrete outcomes like in this case. To
implement this, we proceed as follows. We first gen-
erate an individual rank ordering of schools using
a Cobb-Douglas preference function Uj;, with i being
the individual student (family) making the choice, j
the set of schools and which implies that students
trade-off between the different motives. The function
calculates utilities from alternative choices and models
the basis of selecting schools that maximise individual
expectations. Students then select school j with prob-

e(ﬁ*U‘j)

p=— "
i 21321 e(F13)

The utility function assumes that individuals tend to

choose the best school they can enrol into, disregard-

ing that individuals might decide to opt for a less
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ambitious and less optimal option. For example, indi-
viduals might decide not to opt for the most presti-
gious academic route because they deem this option as
too risky (Pepper & Nettle, 2017). Whist we do not
directly model these motives, we consider them and
other factors that might reduce the tendency to choose
the best option indirectly by introducing uncertainty
and noise in the decision-making process. In the
above, the parameter beta models the amount of
noise in the decision-making process. Choosing
B = 0 then corresponds to a setting where all choices
are equally likely, whereas a choice of large beta essen-
tially recovers a choice where agents make decisions
based on the strict preference ordering of the Uj;.
Intermediate beta values model choices driven by the
preference ordering, but allows for deviations due to
boundedly rational decision making (Fu et al., 2011).

Below, we follow Gortazar et al. (2020) and assume
that families prefer schools which are in the vicinity.
Children do not commute to attend school, i.e., they
attend the school in the area they live in. If they want to
attend a school which is not in their area of residence,
they (and their families) have to move to that area.

Families are constrained by the housing market.
We model this constraint by narrowing the set of
targeted schools to those ones attended by children
whose family’s income is on average not much larger
than the family which is choosing.

The simulation of school selection consists of the
following steps:

e First, students and schools are created and ran-
domly located in the grid (see also Table 1). As
the purpose of the paper is to explore general
mechanisms and not a specific school configura-
tion, we thus abstract from modelling a specific
geographical arrangement of schools and rather
present averages over random configurations
below.

e Students identify eligible schools in terms of ability
and income. Then, using a standard model of
boundedly rational decision making, they prob-
abilistically choose a school based on its utility
from within this group and enrol in it. When
students enrol in a school, families relocate from
their initial random location to the area (“patch”)
where the school is located. Some families will
choose from a narrower pool of eligible schools
because they are less willing to move for various
reasons which make the family wanting to stay in
the area they currently live in. Whilst we do not
model explicitly the mechanisms that lead families
not to relocate, we account for this possibility in
a probabilistic way, such that families decide to
move (and select a pool of eligible schools) with
probability 0.9. This amounts to assume that 10%
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Table 3. School segregation by education policy and economic constraints. Dissimilarity index D and square root index H in

parentheses (all standard errors are lower than 0.01).

Income constraint

Calibrated values

13

1.6

2

2.05

2.2

25

(1) Tracked (No), Accountable (Yes)
Performance = 0.4

Academic=0

Social =0.3

Cost=0.15

Proximity = 0.15

(2) Tracked (No), Accountable (Yes)
Performance = 0.4

Academic=0

Social =0.2

Cost=0.2

Proximity = 0.2

(3) Tracked (No), Accountable (Yes)
Performance = 0.4

Academic=0

Social = 0.4

Cost=0.1

Proximity = 0.1

(4) Tracked (No), Accountable (Yes)
Performance = 0.25

Academic=0

Social =0.25

Cost=0.25

Proximity = 0.25

(5) Tracked (No), Accountable (No)
Performance =0

Academic=0

Social =0.5

Cost=0.25

Proximity = 0.25

(6) Tracked (No), Accountable (No)
Performance =0

Academic=0

Social =0.33

Cost=10.33

Proximity = 0.33

(7) Tracked (Yes), Accountable (Yes)
Academic=0.4

Performance = 0.2

Social =0.2

Cost=0.1

Proximity = 0.1

(8) Tracked (Yes), Accountable (Yes)
Academic =0.6

Performance = 0.2

Social =0.1

Cost =0.05

Proximity = 0.05

(9) Tracked (Yes), Accountable (Yes)
Academic = 0.35

Performance = 0.35

Social =0.1

Cost=0.1

Proximity = 0.1

(10) Tracked (Yes), Accountable (Yes)
Academic =0.15

Performance = 0.15

Social = 0.4

Cost=0.15

Proximity =0.15

(11) Tracked (Yes), Accountable (No)
Academic =0.4

Performance =0

Social =0.2

Cost=0.2

Proximity = 0.2

(12) Tracked (Yes), Accountable (No)
Academic =0.6

Performance =0

Social =0.2

Cost=0.1

Proximity = 0.1

0.46 (0.23)

0.43 (0.16)

0.48 (0.20)

0.42 (0.16)

0.45 (0.18)

0.42 (0.16)

0.59 (0.31)

0.67 (0.37)

0.67 (0.36)

0.47 (0.22)

0.61 (0.29)

0.67 (0.37)

0.36 (0.12)

0.34 (0.14)

0.37 (0.13)

0.32 (0.10)

0.35(0.12)

0.30 (0.09)

0.49 (0.21)

0.64 (0.32)

0.61 (0.32)

0.37 (0.14)

0.54 (0.24)

0.63 (0.32)

0.23 (0.09)

0.17 (0.03)

0.22 (0.09)

0.18 (0.03)

0.20 (0.05)

0.17 (0.03)

0.36 (0.12)

0.47 (0.15)

0.42 (0.13)

0.29 (0.09)

0.37 (0.11)

0.46 (0.15)

0.19 (0.04)

0.16 (0.03)

0.21 (0.05)

0.16 (0.03)

0.19 (0.04)

0.16 (0.03)

0.29 (0.08)

0.31 (0.08)

0.29 (0.07)

0.26 (0.08)

0.28 (0.07)

0.31
(0.08)

0.16 (0.03)

0.14 (0.02)

0.17 (0.04)

0.14 (0.02)

0.15 (0.03)

0.14 (0.02)

0.18 (0.04)

0.18 (0.06)

0.18 (0.03)

0.18 (0.04)

0.14 (0.05)

0.19 (0.04)

0.12 (0.02)

0.11 (0.01)

0.12 (0.02)

0.11 (0.01)

0.11 (0.02)

0.11 (0.01)

0.15 (0.03)

0.15 (0.03)

0.14 (0.02)

0.16 (0.03)

0.13 (0.02)

0.15 (0.02)

(Continued)
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Income constraint

Calibrated values

13 1.6

2 2.05 2.2 2.5

(13) Tracked (Yes), Accountable (No)
Academic=0.4

Performance =0

Social =0.4

Cost=0.1

Proximity = 0.1

(14) Tracked (Yes), Accountable (No)
Academic = 0.25

Performance =0

Social =0.25

Cost=0.25

Proximity = 0.25

0.50 (0.25)

0.47 (0.22)

0.43 (0.21)

0.37 (0.15)

0.30 (0.10) 0.27 (0.08) 0.19 (0.04) 0.15 (0.03)

0.27 (0.08) 0.24 (0.06) 0.15 (0.03) 0.13 (0.02)

of families decide not to move regardless of
whether or not their child meets the academic
requirement for enrolment.

e There are two settings to consider: one in which
the system is tracked and one in which it is not.
When the system is tracked, children with
a performance of 1 SD below the school popula-
tion average from the previous year, cannot access
academic schools, hence they can only choose
among vocational schools. There is also an eco-
nomic constraint: economically disadvantaged
families cannot access schools in which the aver-
age income of students’ parents is too high as
described above. If the system is tracked and
their academic ability is too low students can
only target vocational schools. Within the group
of eligible schools, students in random order pick
the school that maximises their utility until the
schools are gradually filled up. Schools enrol chil-
dren on a first-come, first-served basis, until all
places are filled. We use the term iteration to refer
to one academic year. During the first iteration,
students use the schools’ initial values on income
and social composition to target a school. In the
subsequent iterations, schools’ characteristics are
updated using the previous cohort of students.
When the schools are accountable, families
include the school performance (calculated from
the previous cohort) as a criterion to choose
schools.

e When the school’s average income of students’
parents is relatively high and the system is
tracked it is possible that families do not have
an eligible school in areas where they can afford
to move to. Those families are assigned to the
closest vocational school.

Once all children have enrolled in a school, their
income and achievement are used to update the school
variables, the round ends, the dissimilarity indices are
computed, the current cohort of children leaves the
school (i.e., is not part of the modelling anymore), and
a new cohort of children is created and randomly

placed in the grid for the next academic year/iteration
where they will use the updated school variables to
make their choice. Schools stay in their original loca-
tion whilst their characteristics are updated as new
cohorts of students enrol.

Results
School segregation over time/iterations

The simulations are stochastic (e.g., each iteration
depends on probabilities and generates slightly different
values each time it is repeated) and the results presented
in the tables and in Figure 2 are averaged across 100
iterations. Figure 1 shows the dissimilarity index D over
120 iterations for a specific policy setting (comprehensive
school system with accountable schools) with different
initial levels of school segregation — complete segregation
(70% of upper-class students in the 13 best performing
schools and 0% in the 17 worst performing schools),
average segregation (36% of upper-class students in the
13 best performing schools and 24% in the 17 worst
performing schools) and no segregation (even distribu-
tion — 30% - of upper class students in each school). We
notice that independent of initial conditions there is
a transient of approximately five iterations. After this
period the system settles into a pseudo-stationary state.
In the following we are interested in average outcomes in
the long term. Thus, we discard an initial transient of 20
iterations and calculate averages over the following 100
iterations from the stationary dynamics.

Results for typical simulation runs for the dissimilarity
index D over iterations for three scenarios with different
settings. Policy settings: comprehensive and accountable.
Preference parameters: Performance = 0.4, Academic =
0, Social = 0.3, Cost = 0.15, Proximity = 0.15.

Model calibration and sensitivity analysis

Figure 2 presents the average level of segregation
obtained for the different policy scenarios and eco-
nomic constraints. Each line represents a combination
of the two policies — tracking versus comprehensive
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Figure 1. Segregation (dissimilarity index D) over 120 iterations (academic years) for different initial levels of school socio-
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Figure 2. Segregation (dissimilarity index D) by education policy and economic constraints.

system and school accountability versus non-
accountability. Figure 2 averages the different sets of
school preferences within each policy setting.’

From Figure 2, Tables 3 and 4 we see that the results
corresponding to the income constraints in the range
between 1.6 and slightly larger than 2 can replicate the
range of values observed across OECD countries.
Starting from plausible values taken from Van Ham
et al. (2015), we experimented with different values
until we obtained unrealistically high values (income
constraint = 1.3) and unrealistically low values of school
segregation (income constraint =2.5). Intermediate
values of income constraint (1.6, 2, 2.05, and 2.2)

provide more realistic values of school segregation,
and we focus our discussion on these. Those intermedi-
ate values have been chosen because they mark
a significant change in the level of segregation.
Gutiérrez et al. (2020) document that the average
value of the dissimilarity index D is 0.38, with the
Scandinavian countries having values of school segrega-
tion as low as 0.26 and, and central and Eastern
European countries systems having values as high as
0.45 and we see that simulation outcomes are well
within this range.*

Comparison between the dependence of the sta-
tionary level of segregation on the income constraint



for the four different policy scenarios (also see
Table 3). Data points are calculated as averages from
400 iterations (100 per each set of school preferences)
of the simulations in the stationary state after discard-
ing an initial transient of 20 iterations (see Figure 1).
Typical error bars are smaller than the size of points.

The impact of school tracking and
accountability

We will now describe the results regarding the two
education policies. The model compares the effect of
each policy separately and in combination.

The model’s results show that both school tracking
and, to a lesser extent, accountability exacerbate
school socio-economic segregation (Figure 2)

The horizontal axis in Figure 2 represents the income
constraints. We have defined the constraint using the
ratio of the average income of families of children who
attend a given school to the income of the new entrant
family. We have experimented with different ratio levels
ranging from 1.3 (families can access schools where the
average student has an income which is not more than
1.3 times higher than their own), to 2.5 (families can
access schools where the average student has an income
which is not more than 2.5 times higher than their
own). The distance between each pair of lines is always
statistically significant at any level of income constraints
(t-test, p < 0.001).

Considering an intermediate income constraint of
2, tracked systems are associated with an index D of
0.37 (£0.01), whilst comprehensive systems have sub-
stantially lower values of 0.19 (+0.01) (Table 4). The
competition for the academic schools marginalises
disadvantaged families which have a lower income
and a lower level of academic ability. Upper class and
more academically oriented children tend to choose
and be admitted to academic schools, whilst low ability
children, which are disproportionally represented in
the working/intermediate classes, end up in vocational
schools. Accountability increases the segregation
index by 0.01 point within the comprehensive system
(1" versus 2™ row, Table 4) and by 0.04 within the
tracked systems (3" versus 4™ row, Table 4).

Comparison between the dependence of the sta-
tionary level of segregation on the income constraint
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for the four different policy scenarios (also see
Table 3). Data points are calculated as averages from
400 iterations (100 per each set of school preferences)
of the simulations in the stationary state after discard-
ing an initial transient of 20 iterations (see Figure 1).

The effect of accountability on segregation is the
result of two contrasting mechanisms. On the one
hand, families will compete for the best schools using
the available information on the school performance,
which increases segregation. On the other the school’s
performance competes with social composition as
a selection criterion, which tends to reduce segrega-
tion. In systems with accountable schools the social
composition of schools weighs on average 0.29 (or
29%) in comprehensive systems (average of weight of
preference for social composition in comprehensive
and accountable scenarios, Table 3, Model description
document) and 0.2 (20%) in tracked systems relative
to the other preference criteria (Table 3, model
description document). Conversely, when schools are
not accountable, the social composition of the school
becomes more important: 42% versus 29% in compre-
hensive systems on average and 26% versus 20% in
tracked systems on average (Table 3, model descrip-
tion document).

The larger effect of accountability within the tracked
system indicates that two policies have compounding
effects. In tracked systems which are also accountable,
good schools and academic schools are desirable and
eventually become more expensive to attend because of
the competition for the houses in the vicinity of the
desired school excluding low-income families from the
competition. This conclusion is in line with Johnson
et al. (2021), who found that the academic achievement
gap between high SES and low SES children is reduced
more when policy interventions target multiple aspects
of the school system.

We find that the effect of education policies varies
for different levels of income segregation (Figure 2).
For high levels of income segregation, policies will
have a larger effect. This is because school selection
and economic segregation have compounding effects.
Selective academic schools and good vocational
schools, as an appealing target for wealthy families,
are also more difficult to attend because of income
requirements, with the consequence that selective and

Table 4. Segregation (dissimilarity index D) under different policy scenarios. Aggregate results (differences are significant at the

0.01 level and all standard errors are lower than 0.01).

Income constraint Policy scenarios

Comprehensive and
accountable

Comprehensive and non-
accountable

Tracked and
accountable

Tracked and non-
accountable

13 0.45 043
1.6 0.35 033
2 0.2 0.19
2.05 0.18 0.17
2.2 0.15 0.14
2.5 0.12 0.11

0.6 0.56
0.53 0.49
0.39 0.35
0.29 0.28
0.18 0.17
0.15 0.14
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good schools become exclusive schools for wealthy
families.

In typical simulation results (income constraint = 2,
Academic=0.6, performance=0.2), 9 academic
schools out of 13 will have an average income signifi-
cantly higher than the average income of a working/
intermediate class family (20000 EURO), and those
schools will not be accessible for most children regard-
less of their academic achievement. Within academic
schools there is also a correlation between average
income and performance so that the academic schools
which are accessible to average income working class
children will have a lower performance. On the other
hand, there will be a group of high income but low
achieving students who cannot not enter academic
schools who turn to vocational schools, which in
turn become segregated into high achieving and in
high demand schools and low achieving schools.

The impact of economic segregation

Most of the variation in the dissimilarity index D occurs
between levels of income constraints. The dissimilarity
index in Figure 2 increases as the income constraint
becomes tighter (from 2.5 to 1.3 in Figure 2), while the
gap between the lines representing the different policy
scenarios is comparatively smaller. The line in Figure 2
grows steadily as the income constraint moves from 2.5
to 1.3. With an income constraint of 1.3 most students
from the working/intermediate class families, whose
average income is 20,000 EURO, will not be able to
consider schools where the average income of the stu-
dents is 26,000 EURO or higher, restricting consider-
ably the pool of eligible schools and forcing many
working/intermediate class families to segregate them-
selves in low performing schools. To understand that,
let us consider the scenarios where education policy is
“neutral” (there is no school selection and there is no
school accountability) and families’ allocation to
schools depends more on economic constraints (row
6, economic constraint = 1.6, Table 3). In these scenar-
ios the dissimilarity index D is 0.35 (+0.01) and typical
simulation results show that 14 schools end up having
an average income of families which is not larger than
32,000 and therefore are accessible to the average work-
ing/intermediate class family (20000 x 1.6 =32000).
The remaining 16 schools have an income larger than
this threshold and are out of reach for most working
class/intermediate class families.

The model’s results suggest that relatively small
changes in economic segregation generate large effects
in terms of reducing socio-economic school segrega-
tion. When the ratio between the average income in an
area and the income of the poorest group in the area
changes from 0.8 (income constraint=1.3) to 0.6
(income constraint = 1.6), school socio-economic

Table 5. Regression analysis of the effect of main preference
parameters on the segregation index D; betas (standard error
in parentheses).

Academic 0.047*** (0.006)
Performance 0.013 (0.007)
Social composition 0.002 (0.011)
N 14
Adjusted R square 0.90

Academic: importance assigned to academic schools ((0-0.6) * 10)

Performance (importance assigned to school performance ((0-0.4) * 10)

Social composition (importance assigned to the proportion of upper class
children in the school ((0.1-0.4) * 10))

#% < 0,001, **p < 0.05, *p < 0.01.

segregation drops by 0.1 points in tracked systems
and 0.07 points in non-tracked systems (Table 4).

The model is also able to analyse what would hap-
pen if the levels of income segregation would drop
more dramatically (income constraint = 2.5). In such
a scenario, socio-economic segregation would be
lower and policies would have a less strong effect. In
other terms, when economic barriers are looser, dif-
ferences in academic ability between individuals and
differences between schools do not generate high
levels of segregation on their own.

We now focus on the effect of the combination of
preferences to assess the extent to which the results
presented depends on the type of preferences
theorised. We regress school segregation on the pre-
ference for academic schools (varying from 0 in com-
prehensive systems to 0.6 in a scenario where families
assign a great deal of importance to choosing aca-
demic schools), school performance (varying from 0
in non-accountable systems to 0.4 in a scenario where
families assign a great deal of importance to choosing
good schools) and social composition and found that
a 10% increase in the importance assigned to academic
schools is associated with a 0.05 increase in the segre-
gation index D (Table 5). The effect of performance is
smaller (0.01) and just below the conventional signifi-
cance threshold (p = 11%). The effect of social compo-
sition is small and non-significant.

Higher values for the academic and performance
parameters are associated with an increase in segrega-
tion levels, yet the conclusions regarding the exacer-
bating effect of both school tracking and to a lesser
extent accountability with respect to school socio-
economic segregation remain the same. This shows
that our conclusions regarding the relative importance
of the two education policies are independent from the
specific configuration of the preference function.

Conclusions

The article proposes an agent-based model of school
segregation. Using evidence about families’ charac-
teristics and school choice strategies, the model
simulated the effect of school tracking and school
accountability on school segregation. The model is



an illustration of the abstract relation between
family, school and national system characteristics
and does not intend to be specifically applicable to
any case. It rather refers to the whole class of wes-
tern societies as an ideal type, replicating the levels
of segregations across western countries which range
between the values of 0.26 and 0.45 of the dissim-
ilarity index D (average 0.38, Gutiérrez et al., 2020).
Compared to existing research (Burger, 2019;
Chmielewski & Savage, 2015; Chmielewski, 2014;
Gorard & Smith, 2004; Jenkins et al., 2008; Murillo
et al., 2018; OECD 2019; Strello et al., 2022), which
use country level samples with limited possibilities
of conducting multivariate analysis and unpacking
mechanisms that account for school segregation, the
proposed model uses simulations to conduct coun-
terfactual analysis, explicitly including families’ stra-
tegies. This represents an advantage as it allows to
specify the diverse mechanisms of school segrega-
tion, i.e., the combination of different education
policies and families’ preferences. The proposed
model (i) presents the contrasting mechanisms
through which the two education policies affect
school segregation and (ii) is able to assess the
combined effects of the policies, families’ strategies
and residential segregation.

School tracking has an exacerbating effect on seg-
regation because it encourages families to compete for
the academic schools and because it prevents low
achieving students - which are more likely to be
from low SES families - from entering academic
schools; yet it also has a mitigating effect on segrega-
tion, because the selective school admission policy
prevents upper- and middle-class children from pur-
suing “status maintenance” independently of aca-
demic ability as it is more difficult to enter the more
academic track if their academic ability is not high
enough. The overall effect on segregation is large and
positive, showing that the first mechanism prevails.
Similarly, school accountability has diverse effects on
school segregation. School accountability introduces
measures of outcomes which incentives families to
select schools based on performance over and above
the social composition of the school. This tends to
increase the competition among families for the better
schools, but it also leads families to weigh less the
socio-economic composition of the school. This is
the first analysis that shows that school’s accountabil-
ity simultaneously tends to reduce segregation by
shifting the focus away from the socio-economic com-
position of the school and to increase segregation by
eliciting competition between families for the best
schools. The overall effect on segregation is exacerbat-
ing, which, although smaller relative to that of school
tracking, means that the competition triggered by
accountability has a stronger effect than the equalising
effect of incentivising families to choose regardless of
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social composition. Our results show that those poli-
cies generate emerging outcomes, such as higher levels
of school segregation, which were not part of the
policy’s aim and through unintended mechanisms.

The model can assess the combined effect of the key
elements of school segregation providing results which
have important policy implications. Tracking has
a stronger exacerbating effect on segregation than
accountability and the two polices interact to create
compounding effects. This is in contrast with Bol et al.
(2014), who concluded that school accountability
mitigates the effect of tracking on inequality of oppor-
tunity, implying that school accountability might
reduce school segregation.

A policy aiming at reducing school segregation
should prioritise the reduction of the degree of track-
ing in the school system and should avoid having both
tracking and accountability in the school system.
Residential segregation is a major factor of school
socio-economic segregation and exacerbates the seg-
regating effect of the two education policies.
Therefore, an effective way to reduce school socio-
economic segregation without changing the education
system is to reduce residential segregation between
well-off and worse-off families. A reduction of resi-
dential segregation will dramatically diminish the seg-
regating effect of education policy as worse-off
families are locked out of the most desired areas and
schools, no matter how motivated and academically
talented they are. When the ratio between the average
income in an area and the income of the poorest group
in the area changes from a relatively high 0.8 to a more
average 0.6, school socio-economic segregation drops
by 0.1 points in tracked systems and 0.07 points in
non-tracked systems (Table 4). This type of variation
of income segregation is observed across cities in
Europe (Van Ham et al,, 2015), suggesting that those
changes are within the capability of current policies.

Computational modelling is not frequently used
in the social sciences. This paper shows that ABMs
are a useful way to analyse complex phenomena by
integrating theorisation and evidence. ABMs have
the advantage of analysing both local interaction
between agents and the effect of institutional fac-
tors (Bianchi & Squazzoni, 2019; Epstein, 2008;
Franck, 2013). Considering the data limitations
that researchers face when analysing complex phe-
nomena, ABMs such as the one proposed here are
valid tools to test theories and perform counter-
factual analysis, making them a promising
approach for future education research. A possible
avenue to develop ABMs in education is to narrow
the spatial focus of the model to develop analyses
of geographically defined policies which reflects
country/regional specific contexts and dynamics.
A second is to assess the consequences of adopting
a different conceptualisation of decision making.
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The presented model rests on the assumption that
information about school characteristics is fully
available to all individuals who use this information
to make comparative judgements about schools.
This approach could be extended by considering
that the information is not equally available to all
groups or that social groups have different reac-
tions to the same information because of different
expected returns (behaviour constellation of risk,
Pepper and Nettle (2017)). This implies that some
groups might prefer less ambitious educational
options because the more ambitious option is con-
sidered too risky (Pepper & Nettle, 2017). Although
noise in defining preferences is considered indir-
ectly via stochastic modelling of bounded rational-
ity in decision-making, an explicit treatment of the
heterogeneity of preferences is a development that
future research should consider. We have also
assumed in line with the existing research that
families only attend schools which are in the vici-
nity. This makes the model particularly suitable to
analyse systems with a distance-based admission
policy, although we know that families tend to
avoid schools requiring long commutes even in
systems where a distance-based admission policy
is not in place (Gortazar et al.,, 2020). Yet, the
analysis depends on the assumption that families
do not commute to distant schools and could
change if we replace it with the more nuanced
and realistic assumption that families’ propensity
to commute declines with distance. Therefore, our
model is suitable to illustrate segregation in dis-
tance-based admission systems and can be
extended to other systems with less confidence.
The proposed agent-based model contributed not
only to quantify the effect of school accountability and
tracking on school segregation on school segregation
but also to reveal the mechanisms that account for
their effect. In conclusion, the proposed model pro-
vides a comprehensive framework that includes the
key factors of school segregation: income inequality
between families, family choices and education policy.

Notes

1. We focus on state schools as private ones have their
own selection criteria, do not necessarily follow the
national curriculum and require students’ families to
pay fees.

2. The model is implemented in NetLogo 6.3.

3. Each set is characterised by different weights assigned
to school’s performance, academic status, social com-
position, proximity, and housing cost.

4. We replicated the analyses using the median income
as cut off point to divide the socio-economic groups,
obtaining, as Gutiérrez et al. (2020) did, the same
results as those obtained using the 30th percentile as
the cut-off point.
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