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Abstract—The aim of this paper is to reformulate the questiof
school choice in a voucher system, by moving towaras
perspective, assessing competition between schoold the
choice of students using Geographic Information $g®s (GIS)
and Agent-Based Modeling (ABM). How spatial structurefedts
competition among schools? How do
structuration and social interaction affect this pcess? We show
a preview of the proposed model and main social neagbms of
school choice: Quality, Distance, Cost, Expectatiofgymophily
and Mimesis for students and their families, and I8etion,
Supply and Local Competition for schools.

|. INTRODUCTION

using GIS, it is possible to identify other socpmsal conditions
that affect school choice processes. ABM can be Idped to
simulate the behavior of families and schools, #mel distance
effects on variables of educational interest. feigvant that future
researches address the study of the effects afoiduial structure on
the level of competition among schools, and hove ttructure

socio-geographicaffects the quality of education. The ABM may beitraked with

empirical geographic, socioeconomic and educatictetia, to
simulate the manner in which families and educatianstitutions

behave in relation to the conditions of their sgaénvironment.
This could allow the generation of simulations ofufe behavior
of the educational system if current conditions mgntained and
could help social scientists and policy-makers toojget

counterfactual policy scenarios by the way of satioh, in order

HIS paper aims reformulate the question of school ehoicto compare different alternatives for the curreygtam. Then, by
within the Chilean educational system, moving towardreconstructing the question of school choice in &€hihew

assessing the levels of competition among schoumlgtee freedom
of choice of students and families using Geographiormation
Systems (GIS) and Agent Based Modeling (ABM). Theosth
choice voucher system that operates in Chile is afnhe most
studied research topics in Chilean education. It wasted to
maximize competition between schools in favor afréasing the
quality and coverage of education in Chile. Evideab®ut the
success of the system to fulfill its objectivesrisonclusive, and
studies including geographical factors are scaMest of the
researches are based on variations of regressigelsntrying to
link school choice to educational quality. Therevdhdbeen no
attempts to approach this issue though ABM, nor fimmplex
geographic methodologies nor from the perspectivanalytical
sociology. Using the available databases for theafi Santiago, it
is possible to geo-reference families’ positionr@fation to the;
position of the schools to assess the distancedestthem and by

This work was supported and funded by CONICYT-I€hin the
context of the FONDECYT project n°112059Bstudio de los efectos de la
estructuracion geogréafica sobre la competencia elucacion escolar
mediante el uso de sistemas de informacién geagsfy modelamiento
basado en agentes”

questions emerge, as the following: How does thatiap
structuring affects competition between schools?agents make
choices in constrained or full freedoms and rafity®aAre agents
pushed or pulled by the educational offer and sgeiagraphic
structure? To what extent this spatial structur@isga context of
operation of a voucher system is efficient and onps quality, in
comparison with alternative systems? What wouldhieeeffects of
changes in public policy regarding school choice?what extent
the existence of a school choice system and a ‘esuihancing
system favors improvement or decline quality of adion in

Chile? Future research with ABM and GIS offer an wative

alternative to assess theoretical, methodologicad a@ractical
questions on school choice in Chile and in othericghdrased
systems around the world. We show a preview of graposed
model and main social mechanisms of school cho@eality,

Distance, Cost, Expectations, Homophily and Mimésistudents
and their families, and Selection, Supply and L&anpetition for
schools.
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[l. TOWARDS AGEOGRAPHICALAGENT-BASED MODEL OF position within the structure or even have influerver the
SCHOOL CHOICE IN CHILE structure [13], [14], [15], [16]. The analytical Gology

The choice process in the field of education isplemand Perspective of this paper assumes that although the
multidimensional. It has attracted the interessatfiologists, Mdividual has some freedom to choose, this choitesys
psychologists and economists, who have approached fake place in empirically _S|tuated_ cont_exts, Wheeafer_al
subject from different points of view [1]. In addit, there stru_ctur_al _factors and the m'Feractlon with othergy limit

are several school attendance policy models operati ch0|ce_ in |ts_ pure and exclusively rational fornmeTprocess
different countries and contexts, and one of thenthe of choice will be addressed from the perspectiveviudit has
model of free choice —Enforced regulatory zoningdelo P€€n termed ‘real freedom” [17] which supposes that
(France, Germany): unforced regulatory zoning modérpdwl_d_uals ma_ke de_C|s_|0n_s based on limited relévan
(Finland, Norway, Scotland); restricted choice mid&gain, identifiable options within his or her context.

Italy or Sweden) and choice model (Belgium, the . _ .
Netherlands and, to a lesser extent, England antég)ya EMPirical data on reasons for school choice pub int
according [2] - The current Chilean system —sinbe t berspective the theoretical arguments in which keuc
massive implementation of the demand subsidy méstman Systems are based. Table 1 shows that the reassh mo
through school vouchers in primary and secondafjientioned establishment choice criterion by parésisot
education— constitutes a unique scenario in thebaglo the academic quality results (only 31%), measurgdhie
context to assess the school choice processldt®istrong sStandardized tests, SIMCE for primary and secondary
abstract assumptions and criteria: by means ofmmaixig of education and PSU for college entry, but the prayito the

the freedom of choice of the families, the systewuld family home (52%).

supposedly lead to increased competition withinosthto

capture as many students as they can [3]. Congetitnong  |n addition, the mention of the shortest distansette
schools will finally derive in increasing qualitgs lower reason of choice is more common (65%) in the fived
performance schools would tend to disappear. Frbisi tincome quintiles, corresponding to the poorest 48fthe
point of view, competition among schools would acby  popylation. By contrast, the academic quality istiesed
increasing the quality of the education providel),[which 5o 5 reason for choosing more frequently in théest

can be distinguished by student’s families. families in the country (41% and 49% in quintil®sdnd V).

This educational funding model based on demandidiabs
(vouchers) offers a privileged observation contektthe
school choice process, motivating national andriiratéonal
research based on the Chilean case [5] Due to dbials
relevance of the matter, most researches combire th
academic discussion of choice processes with putdlicy
recommendations [6] Some authors, in favor of acheu
system, argue that it increases efficiency, compeéss and
quality of education, while providing greater edimaal
opportunities to disadvantaged students [7], [8], Critics
of the voucher system claim that the school chbased in
vouchers increases inequality, segregation and atidneal
stratification. Others argue that the optimal cotitjog
conditions that the model intends cannot be meaure of
market flaws [10] The sociological problem benetthse
guestions is related to freedom of choice, and h@an be
complete, limited or even possible, in diverse alocbntexts
[11] It is also related to Diego Gambetta’'s questitNVere
they pushed or did they junipfl2] structural constrains
and incentives may be exerting influence on schholces.

On one hand, neoliberal economic theory —focusethén
freedom of choice of the individual- assumes theeggtion
of optimal market competition conditions by mears o
aggregated individual rational decisions intended t
maximize benefits. On the other hand, classic $ogical
theories highlight the importance of structuraltées that
motivate, alter, distort, orient or inhibit behavimn
individuals, while the individuals can modify theawn
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NED THE FOLLOWING RBSONS FOR SCHOOL CHOICE

AMONG THE TOP THREE CHOICESSOURCE SIMCE SurvEy 2009.

Reasonsfor school choice

Total

I [ i v V

Because it is close the family home

52% 65% 65% 62% 59% 50%

Because it offers high quality of education (SIM&# PSU)

31% 25% 31% 37% 41% 49%

Because of their values and orientation

29% 23% 28% 32% 38% 47%

Because of its infrastructure

23% 18% 22% 26% 31% 36%

Because brothers attend this school

2% 29% 29% 26% 23% 21%

Because it was the cheapest one

21% 34% 32% 27% 21% 12%

Because friends attend this school

10% 12% 12% 12% 11% 10%

Because it was bilingual

5% 2% 3% 3% 4% 10%

Because it was the only one on the district

4% 7% 6% 4% 4% 3%

Because it offered the vocational course that |ddke

3% 4% 4% 3% 3% 2%

Because my son/daughter was not accepted in atheok

2% 2% 2% 2% 2% 1%

Other Reasc

There is evidence that the process of choice, finexeis
configured socioeconomically; [18], [19], [20]. Ithis
regard, the study conducted in [21] stands out,itas
recognizes three types of parents regarding thalityato
operate in the "education market": parents that a
"competent”, with high cultural capital and inforoa to
choose school depending on the quality; parents daha
"semi-competent” to choose using the reputationthef
school as reference to opt; and finally, "disconedt
parents, who choose according to the closenes€hlle,
according to the SIMCE 2009 survey results, "disemted"
parents seem to predominate, especially in thegso ¢ able
1).

Methodologically, the effects of the voucher systeswe
been addressed from two perspectives: the perspeofi
verbalization or declaration (by means of qualitior
guantitative research) of reasons for choice whish
generally limited to the description, and anotherspective
of ex post facto analysis of school choices. Frbm latter
perspective, economic studies using statisticahoug and
econometric models have been conducted to asdestseif
the system in quality [22], [23], [24]. To the dateo
conclusive results have been brought up regardi@gnpact
of the school choice process on quality. Such ithyasons
tend to emphasize the effects of the voucher system
academic results, regardless of the spatio-temstmatture
that relates to the position, distance and otherditions
affecting elections of families in socio-geograpbantexts.
Contrarily, national [25] and international [26] i@ence
have been gathered supporting the hypothesis tiadok
choice policies tend to affect negatively the eiyabf
education. The OECD alerts about the risks: “Sclobolice

25% 29% 31%

26% 33% 33%

Only few authors have proceeded through geo-retargn
methodology, GIS and distance analysis to obseched
choice processes and to assess the role of qualitiis
choice, both internationally [28], [29] and natiting30],

{81], [32]. However, these researches do not cemsitle
interaction among educational stakeholders —between
students/families and schools and among schools— in
different conditions, according to specific geodnagl
contexts and distribution of educational agentseré&fore,
they cannot conclusively determine the validity thfe
assumption of choice and competition in the systes,
social and spatial interaction has not been coresitle

The great amount of individuals and groups invojuwbé
complex interaction networks and different levels o
aggregation in the educational sphere have led sutors
to describe the field of education as a complexesyq33],
[34], to the extent that it is recursive, self-refatial, self-
regulates its operation and from which emergenpgrties
arise from the interaction of agents and their edéht
relation between them [35]. In this kind of systeiihés not
possible to predict with absolute precision thelgian and
changes they will experience, as complex networks o
interaction aggregate to shape its conditions [B&]], [38],
[39]. Therefore, the authors who are observingsysems
from the complexity perspective note that there specific
tools to address them, which have been called the
“complexity algorithms” [40]. In particular, the AB seem
best suited to observe social systems as compleal lo
interactions networks [41], [42], [43]. ABM has Imee
recently used to assess educational choice in Eramd Italy
[44]. This work offers an ABM of educational chojce

which agents make decisions regarding going up hanot
has increased across OECD countries. Yet, it canltren  year of education. Another paper [45] is highlyerelnt, as
segregating students by ability, income and ethnioffers a revisiting of Schelling’s model applied $ohool

background and in greater inequities across educatidynamics. The main mechanisms presented in thagrgap
systems. School choice schemes should include mische the preference for shorter distance and the praderdor

that mitigate the negative effects on equity” [27].
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similar ethnicity; however, although highly reletarhis
works do not offer data calibration for their mazlel

Finally, the voucher system has been challengean fr
different theoretical, methodological and policygmectives,
evaluating their effectiveness, usefulness andditaliof
basal assumptions through diverse methods. Theretbe
theoretical question of how social conditions ame $patial
setting affect the choice process emerges. Itsis edlevant
from a policy-maker perspective to ask what efféds
school choice policy (vouchers) has on the oveyadllity of
the educational system. On the other hand, it
methodologically relevant to address the questionow to
approach the social phenomenon of school choicthig
context, as it seems necessary to move forwargjityimg
innovative methodologies to allow a more compretvens
view of the process of choosing schools.

[ll.  NATIONAL CONTEXT: VOUCHERS AND SCHOOL CHOICE IN

CHILE

In Chile, since the educational reform of 1981, shkool
education funding scheme operates through a deivased
subsidy mechanism, commonly referred to as vouduner
coupon, which means that the State pays monthlyhéo
school private owners or public responsible ingtns or
individuals, conditional to effective attendance stidents
averaged over the last three months prior to paynidns
mechanism is intended to provide greater choicéafimilies,
promote competition for the attraction and retantiof
pupils amongst schools, resulting in improved Isvef
educational quality. The amount of the school slpsias
established by law, which have been slightly medifi
applying some minor changes during the last thesades,
as the subsidy amount has increased and it nowrslifiy
education level and modality of education, and ghare
bonuses for the subsidy if the school is in a rarah, if it is
in a geographically isolated area, amongst otherubes
(DFL N ° 2, Ministry of Education, 1996, called 't&idies
Act").

The reform of the early '80s was based on the ¢tieat
proposal of Milton Friedman [46] which held
convenience of installing a predominantly privagetem of
educational provision based on market
reducing the role of the State [47]. Although sdiewice in
Chile has always been the student allocation pplidg very
important to note that the law that created thecheu
system was passed during the military dictatorahigh it was
not subject of democratic discussion. After 199@hwhe
return of democracy, the demand-based scheme rexs
deepened, corrected and consolidated. The mairgebaof
the system were that the government partially fuyeiseral
education and requires a minimal curriculum, legvthe
administration of schools in the hands of competi
companies. The State delivers a payment to theotlioat
are selected by the families, assuming that it mepds their

capabilities of choice. The voucher was assumed system
which would create a virtuous competition amongbkbsls.
oSince the implementation of the voucher model,Ghdean
education has significantly increased enrollmentd an
coverage [48] and recently, performance has slightl
improved in some international measurement reqdi¥§,
although there is no evidence that the voucheresydias
been the one and only cause of this growth. Howeyegps
remain in the performance indicators of schoolsmfro
different income levels [50], an issue that haggiplace to
imany studies which have tried to explain this pinegaon.
Most of them have been looking at the effects of th
demand-based subsidy model [51].

Supporters of the voucher system argue that magitmiz
the choice of families, educational institutiondl wompete
to attract students and increase enrollment. Gibduhis
design would eliminate the schools that fail toreat
students, while increasing the range of optionsthst the
system would enjoy the benefits of market compatiti
Supporters of this model tend to emphasize the flieraf
competition in a context of free choice, which wbidad to
improved quality, while opponents point to the iniy of
the system and the lack of evidence for the quality
improvement. The voucher system has been subject of
extensive discussion in academic, political andblioigical
spheres, being highly relevant to Chile. Receritig, 2011
student movement pointed-out the flaws and inetjealof
Chilean education, in which the demand subsidy higkly
criticized. From this perspective, it is very imfznt to
account for the effectiveness and usefulness ofitlueher
as funding model, which would allow scientists &tablish
technical criteria for the policy development ofeth
educational system, better satisfying social demmafut
quality and equity in education.

IV. EMPIRICAL CONTEXT. RESEARCH ON VOUCHERS AND
SCHOOL CHOICE INCHILE

Some authors have argued that the voucher systean in

themodel of educational choice would lead to an imprognt

in the quality of education [52], [53] because tdy way

mechanisnthat a school have to attract students and incraadeetain

enroliment is quality of education.

The introduction of the voucher system has alssethia
number of criticisms, as we have seen. [54] ansl| $biggest
that the demand subsidy mechanism necessarily aeser
inequality. Other authors argue that there are etddilures

bthat prevent the optimal results expected of coitipe{56].
Although some researchers claim that the vouchstesy
improves the quality of education by maximizing the
freedom of families [57] other authors discuss ¢hessults,

ngrguing that there are profound socioeconomic and
information differences, which lead to increasingquality
and segregation [58], [59], [60].
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In the national and international literature, sg faere is systems are based. It is for this reason that #hadology
no consensus about the effectiveness of the system of geo-referencing to approach school choice [72jstm
subsidizing demand and school choice mechanismslyna become more complex to allow the approach of
because there is no conclusive research on thealacttransportation phenomena or differentiated urbatep that
conditions of freedom of choice ("real choice"). rFogenerate changes in agents' decisions. This impiiego

example, [61], [62] argue that introducing the imeolevel

and parental education as control variables, naifgignt

differences between the quality of public and siizeid can
be observed. Previous research have not yet foudldaa

answer regarding the usefulness or not of vouclwers
improving quality, as suggested by [63], [64] ar®b][
among others. These studies apply statistical olsnto the
process of self-selection of families when they ad®
school. However, these studies do not include ib&mte
amongst the factors that influence choice, evemghoit

appears to be an extremely relevant variable wastshown
in Table 1.

beyond the measurement of travel distances, andessld
connectivity, security, levels of trust, social eslon,
availability of options to choose, and several ptreiables
that can be affected by geographic location.

Similarly, the mere application of statistical alations to
geographic phenomena does not solve the problelocaf
interaction nor allows social scientists to simelalternative
scenarios to test hypotheses. That is innovative
methodologies are required to account for the cerityl of
the school choice process in this voucher scheme of
educational choice. The complex social systemsppetive
offers several tools for its analysis [73], aswell automata

Regarding the inclusion of distance in the selectio[74], [75] and agent-based modeling and social kitan

process, in the international literature the wofkHastings,
[66] stands out: They find that the distance antost
performance on standardized tests are increasimglygrtant
for parents and families with higher income levelda
students with stronger cognitive abilities. [67hctude that
the differences in information levels are highlyerant in
the process of choosing school.

In Chile there have been few studies in which sttgle

[76], [77], [78]. These modeling techniques areotietically
related with the analytical sociology perspectivé][ [80],
[81], etc.).

We have developed this subject for the last 4 ymatlse
Institute of Philosophy and Complexity SciencesIQE),
getting involved on methodologies of agent-basedlating
[82]. Currently, it is relevant to explore the pibdgy of
using agent-based models and GIS to assess sdhoickc

homes are geo-referenced or that include geogralphi¢83], [84], [85]. The models can be calibrated wigal data

variables regarding students and their schoold. 468 also
[69] provide some examples. They attempt to apgrdhe

matter of the distance between the households hed
schools that students attend, calculating travetadces for
each student. A more recent study [70], geo-retar@rthe
students who took the PSU (College Entry Test)da in

order to evaluate the school selection procesddbétplace.

available, which indicate academic performance,
socioeconomic conditions, demographic data, lonatd
facilities, etc., provided by the Chilean Ministrpf
Education. Therefore, from the perspective of geo-
referenced modeling of local interaction of agewtsich
understands education as a complex system, itegamt to
try to respond about the influence of social andggephical

The authors postulate that households make differelmeterogeneity in school choice processes, partiguia the

decision processes, including a first choice amsceigpols
(distinguishing excellent performance schools frothers),

and then choose between schools closer to honagldition,

the authors found that families are willing to aside 7 PSU
points, to travel one less kilometer.

However, the agents
educational choices in a homogeneous or
environment.  Considering the  geographical
demographical distribution of the educational sigrpland
demanders, different conditions of choice can bendo

current educational voucher system in Chile. Adeged
modeling techniques calibrated with geo-referersaa can
aid in generating predictions and project simulated
counterfactual scenarios [86], [87].

in the system do not make
neutral V. THEORETICAL CONTEXT. INDIVIDUAL CHOICE WITHIN
and

SOCIAL STRUCTURES

The concept of education as a competitive markétés
basis of the theory of Milton Friedman [88], whaposed a

involving diverse competition schemes between sshoomodel of educational provision based on freedorhafice

Some authors have termed this situation as “quaskets”
in education [71]. These conditions can generaseemario
of what we can call a "geo-competitive isolatiori"certain
schools, due to the differentiated social, econpmidtural
conditions of their environment. These geo-isolatekools

for families, in which the state subsidizes themtance of
children of the schools of their choice throughoaicher. As
schools compete for students in this market, tiévidual
incentive of schools is on improving the qualityhigh
enables an overall system optimization. In a rdldige of

do not have the same incentives to improve thaeroththought, but with a more theoretically complex aysmh,

schools, because they are under different comyetitiss
conditions. This situation may contradict the piphes of
perfect competition in which the voucher and schadaice

authors like Coleman [89] Hedstrom [90] and Eld@t]
analyze the relationship between freedom of chaod
individual rational choice. The seminal work of Blmun [92]
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[93], [94] shed lights in the link between socialisture and
school choice, opening the door for limited ratidgaor
different rational approach
contexts, with his concept of “primary” and “secand
effects of culture and class, respectively. Boudomork is
also very interesting as he proposed changes to
educational system in order to reduce segregatbich is
crucial in the approach of the Chilean voucher esysof
school public funding.

From the more structural sociological
structuralism as [95] warned), individual ratiorghloice is
put into perspective within an analysis of the cinee-agent
relationship, meaning that the organization of aospace
and time is understood as dynamic
interdependence between agent and structure. driitiei of
thought, the social structure determines into d&ageextent
the action of the agents so they would not act ifully
"rational” manner, while the projects and actiorfstlme
agents may also lead to structural changes [96], [98].
The choice of educational establishment, in thissege can

[102]). Under this model, although opportunitiesyneist
independently of the actor, they must be knowrthat they

in diverse socioecomomican affect the actor's behavior through their bgliéhis

phenomenon adds an additional element, subtle but
important for the present analysis: it calls intgestion that
tiiehose educational opportunities are not prokibiand are
affordable in terms of resources, the actors shoeldully

aware of their real feasibility.

theory (not In referring to the DBO model, it must also be ¢desed

that the action of an actor affects the opportasitf other
actors, too. This shows the importance of the aution
between agents in a complex system of relationskipgh

relationship afetermines the conditions of real freedom of thenés) of

the system: A desire or belief of an agent cancafits
perception of opportunity, and an observing ageay shift
his desires or beliefs because of this actionwatlg new
opportunities to emerge for that agent. Agent-based
modeling seems to be one of the few formal toolcéiping
with this issue [103]. Under these conditions, fanmmaulation

be understood as a dynamic process in which combioé the sociological research question in rather means

structural and individual actions to shape socgllity. In
this regard, this research assumes the theoretiestion the
extent in which agent and structure determines ettodr. In
the matter of school choice, it intends to revétheéy “were
pushed” into selecting certain school or if theyrfiped” by
themselves to enroll in it, or if it is a little tbof both
mechanisms [99].

One of the most interesting approaches to the prohf
this research is the Theory of Real Freedom. Ireggnwe
refer to the concept of educational opportuniteesilt those
possibilities that are available for opting in edltien, which
together with not being prohibited are feasibleafford in
terms of resources. In this sense, the notion ofeasing
educational opportunities relates to the conceptrel
freedom provided by the Belgian philosopher Ph#ipgan
Parijs [100]. Under this concept, real freedom aanjs in

one instances the negative dimension of the conoépt Regarding

freedom (“no one can stop me from exerting my Wwilith
the positive idea of having the resources and dhiped to
do it. In this sense, the concept of "real freedarh’'Van
Parijs is more demanding than that of negativedieg as it
interrogates for the effective availability of resoes (of
various kinds) to execute the will of the individl{&01]).
Due to the above, in the context of this reseathh,
guestion addresses the real possibilities beyoadntarely
virtual ones, from which people may choose. In tase, it
is relevant to assess the possibilities of actibpavents, in
regard of the selection of the educational ingttutwhere
their children will attend. This means asking fdret
educational opportunities, involving the combinatiof no
prohibition with effective resource allocation to do. This
notion of opportunity applied to education, is clga
connected with the notion of opportunity presenitedhe
DBO model (Desires, Beliefs & Opportunities) propddy

required, as conditions of real freedom for edaceti
choice must now be addressed in socio-spatiallyatémt
contexts.

VI. PROPOSED SCHOOL CHOICE MECHANISMS FOR A

VOUCHER-BASED EDUCATIONAL SYSTEM

The results of background research and statisditalysis of
socio-economical, educational conditions and geuucal
information, a restructuration of the question regay
school choice —in order to construct a model- meguthe
identification of some fundamental elements:
Environmental conditions; b) Agent characteristisRules
of behavior. But previous to define those modedted
issues, a sociological analysis should identify
mechanisms behind the model’'s operational condition
the environmental conditions, we have
constructed a quantitative taxonomy of districtshi& city of
Santiago, using several socioeconomic, local, ralltu
developmental and educational variables. We resuined
information of the 33 districts of the Chilean GapiCity
into 7 different groups of districts in which cotidns for
school choice vary. Methodologically, the taxonoraf
districts comes from a factor analysis of principal
components, with varimax rotation (on appendix).

a)

the

From over 200 social and educational indicatorsmfro
several governmental datasets, from which 20 reteivaex
were constructed. Six factor explain 63% of totatiance,
and helped us to construct groups of districtsalletn the
factor and cluster analysis may be found in [104].

The factors were denominated according to the kihd
phenomena that variables were related to: (1) fastocal
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development” (including security, public school didions,
local entrepreneurship, health services quality modicipal
finances). (2) “Economic and cultural capital” (cevship of
means of transportation, socioeconomic level, tyadf
dwellings, educational level). (3) “Secondary sbiz#ion
an integration” (including access to informatiochaol life).
(4) “Power” (including labor scale position andlglaieed to
travel). (5) “Health and growth of housing” (inciad
growth of housing and municipal health) and (6) ¢ab
uprooting” (including housing mobility, civic culte and
ethnicity).

Then, we applied a cluster analysis, which grougistticts
according to the factors. Interpreting the dendrogr(on
appendix), seven
differentiated conditions for school choice.
environmental differences —that may be affectingost
choice conditions— emerge with the analysis, shgvwgreat
geographic diversity in terms of opportunities families.
More and better choice conditions concentrate énvibalthy
eastern zone of Santiago. Great and new residefisiicts
with high growth in the last years (in red) configwa reality
of its own.
conditions, from the central Santiago district t® tmore

peripheral districts. An interesting relation ouegarding choosing families, as an ideal school system wildl most

the concentration of better social conditions vatfailability
of the subway and the encirclement highway (wittolnes
all orange districts).

which conditions for school choice vary:

Agents, therefore, will have diverse contexts fooasing
school depending on their location in the city, evhoffer a
differentiated structure of opportunities for chaic

To build the proposed model it is necessary totiflethe
main social mechanisms of school choice. Statistical
theoretical research led the team to reduce thelexity of
school choice to six different mechanisms for stisieand
their families: Preference for quality, Prefererioe shorter
distance, Preference for lower costs, Differences
expectations for different agents, Homophily innter of
socioeconomic similarity and Mimesis of
behavior.

neighbors
Preliminary evidence on Chile suggestt tha
types of districts emerged, wittistance, quality and price are the most relevaterdhinants
Greabf school choice [105].

We also preliminary present three main mechanisms t
explain school behavior: Selection, Supply and Loca

Competition.

« Preference for higher quality is a relevant cghdmth
theoretically and empirically, as parents tend twose

advocates defend the importance of quality asrabfgr the
families to choose better schools and the rest dvsimhply

disappear (although this have been contested ldeese).
Still quality is frequently used as a choice medman but

We resumed the information of the 33 districts loé t the relative importance that different kinds ofcastgive to

Chilean Capital City into 7 different groups of tdists in

ontia ="

quality to make decisions vary greatly among samoemic

. Cerro Navia
A Santiago Conchall
Vitacura El Bosque
La Reina Euechqraba
Qufoa a FIOr|c_|a
La Granja
Maipu La Pintana
Puente Altc Lo Espejo
E Las Condes hgg;?do
~ Lo Bamechea
Providencia Pedro Aguirre
: Cerda
B Cerrillos Pefalclén
Estacion Pudahuel
Central ) Quilicura
Independencia Renca
La F;ISTETF‘IH San Bernardo
Quinta Nermal San Raman
Recoleta
San Joaguin
San Miguel

Figure 1- Typology of districts of Santiago, Chilarying school choice conditions. Source: authersh elaboration.

Concentric distribution of school cheic schools that show better performance. Choice system



Miguel, Amblard, Barcel6 & Madella (eds.) Advances in Computational Social Science and Social Simulation
Barcelona: Autonoma University of Barcelona, 2014, DDD repository <http://ddd.uab.cat/record/125597>

and educational backgrounds. The social
expressed in its more general way is the follgwiRarents
prefer higher quality schools”. Although the “lexel quality
of a school” is still a social construction, thésemultiple
evidence that parents tend to prefer schools tiegt view as
higher quality schools for their children [106].

mechanisme Homophily is a long identifiable social mechanifon

several kinds of choice. In this proposal, homgphs
regarded as the tendency to choose schools in ghickent
with similar characteristics attend. Therefore, tfechanism
in this case is “Parents choose schools in whiatiestts that
are similar to them attend”, which relative impoxa is
different depending on other variables. Homoph#y &

« Preference for shorter distance is the most génetraditionally used variable to explain social babay112],

geographic condition affecting school choice. Aitbb
usually neglected, distance has been included ysasl
Euclidian distance, thus not considering other @ssas
connectivity, geographical obstacles and availgbilof
transportation, which varies in different socioemwic,
cultural and educational contexts. In this preliann
research, the social mechanism of distance mayxressed
as: “Parents prefer schools which are close to timines”,
and the strength of that preference is diverserdaupto the

context and agents’ conditions. Preference for tehor behavior

distance appears frequently in the literature, othChile
[107] and internationally [108], so it is reasoreatd use this
mechanism in our model.

» Preference for lower price is the third mechani3ime
financial aspect in a voucher system with the plitsi of
complementing the schooling cost beyond of whabigered
by the voucher implies a form of segregation by npeyt
capacities. Poorer parents will not be able to s&te some
schools, in which tuitions cost are higher. Therabhundant
evidence that in poorer backgrounds the preferémcéow
cost is overwhelmingly high and even at some levadsd
schools are simply out of the choice set [109].tRm other
hand, for richer parents, a more expensive schagl signal
quality or separation from other social groups,tsibion
levels may act attracting high income families. sTlgiost
effect varies among different socioeconomic
Therefore, the social mechanisms can be simpliftedhe
following: “Parents tend to choose schools withdowuition
costs”, but the intense of the preference varies@ane
parents may afford higher tuition fees and mayrpret them
as quality indicators. This calls for a deeper uksion that
will not be address here, but we acknowledge itjtfto be
included in further versions of the model, oncé&st 7ersion
is concluded.

» Expectations play a major role in school choias,
higher expected results may lead to higher investsnizom
parents, while the need for an immediate income feay
poorer families to prefer a vocational, work-oreshtand
shorter educational track. This implies that the ahould be
“Parents with lower expectations of educational ticwrity
may select vocational tracks, while parents witlghbr
educational perspectives tend to choose scientiicl
humanistic tracks”, which intensities’ varies agrasocial
groups. Expectations are included in [110] and J111

and there is evidence of homophilic behavior incadional
contexts [113], [114]. Much of the literature inistregard
approaches the issue of race and ethnicity, whicimat
relevant to Chile. Therefore, the socioeconomickgemund
may operate in the same way that racial variablesdas
reported in US schools.

e« The final concept is mimesis, theoretically and
empirically proved mechanism for decision makingd an
in social conditions. Imitating other pkop
behavior is probably the most basic behavior schéme
social contexts, and no difference is expecteddincational
choice situations. The rule can be formalized aaréRts
choose schools that other parents of their locghherhood
do”. Imitative behavior is also a widely used meatdhm to
explain social phenomena. Reference [115] repdntt t
imitative behavior may foster a growing tendency to
inequality, which may be applied to educational iceo
Reference [116] includes the variable of sociaériattion
between members of different groups, which maywallo
some kind of inter-group mimesis.

School behavior, although much more limited (asosth
play a mostly passive role trying to attract studgnrstill is
important to model school choice. Therefore, we had
identified three main mechanisms that we can sumsan:

levels. « If possible, Schools will select student withtbeinitial

conditions, as education costs an efforts will balter if
children and teenagers already have higher soaial a
cultural capital. Selection has two versions: a)ademic
version: “Schools tend to select higher performsngdents”
and b) Economic version: “Schools tend to seleghdui
income students”. These mechanism present vargtion
across diverse social groups and varies by levetiemand

for educational services.

» Preference for limited relative educational syppl
Where School is located will define much of it &pilto
attract and capture student enrollment. They choose
according to several variables: “Schools tend tefer
locations in search of increased profit, increasealiment,
and lower investment”, varying by school type.

e Schools will reduce levels of effort in improving
education in contexts of lower local competitionThis
relates directly to geocompetitive isolation, markleare and
market power. This mechanism implies an increas¢hen
levels of freedom for school with less competitaaound.
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Although several other mechanisms may be identifieid
research shows the basic geographical contextuattstal
factors and the main social mechanisms for chaisavell as
the reasons for them to vary across groups. Thisoagh
will serve as theoretical and empirical backgrodod the
construction and programming of a school choice ehéat
simulating the evolution and effects of diverse icho
conditions, first in Chile, but then in other caxtgein which
voucher policies and school choice mechanismsedezant
configurators of the educational system.

VIl. TOWARDS A“ZERG" MODEL OF SCHOOL CHOICE FOR
SANTIAGO, CHILE

Although this is a preliminary work, some light cae

include two kind of agents: families and schooldieT
operation rules with which agents act depend orethr
mechanisms: the evaluation of distance, the evaluaif
quality and the evaluation of price (for all of whidata and
other evidence suggest that are relevant varidbteschool
choice process). As this is a preliminary attermter
mechanisms that may be relevant were excluded Her t
moment, in hope of including them in more sophééd
versions of the model.

Each variable is calculated from each family regaydall
schools of the city. After the decision-making pss, the
output of the agent-family is —as a behavior— #dedion of

a given school among all included in the choice bethe
simplest model, the choice set is comprised o$etlools in
the city.

For agent-schools, behavior rules depend of twal lof

shed on how a model could be constructed, with theriables: the number of families that chose tH®etand

available variables and data.

As stated before, the model feeds on real datadegathe
position of each school in Santiago. In the fiedtaf images,
we present the distribution of schools in Santiagaording
to their dependence: (1) District (municipal) pakdchools;
(2) Private subsidized school and (3) private sthoo is
evident how public schools are evenly distributethie city,
as are the private subsidized schools. To thesdskof
schools mostly poor and lower middle class attehdghe
third image, private schools tend to be on theegagtart of
the city.

The blue curves represent levels of density of sish@and
the closer they are, the more density they indichtethese
schools student go daily, travelling nearly 1 km their
school, as showed in the following distribution toavel
distances to school:

Based on these georeferenced data, the prelimmadel

Distribucion colegios municipales

(1) District (municipal) public schools;

Distribucion colegios particulares subvencionados

(2) Private subsidized school

the student’'s academic performance. The outpuieagent-
school performance as a behavior is a change oé @mnd
school quality (standardized test performance). dstions
of families and schools are real positions repoitedhe
geographical coordinated of the databases, includate
GIS. Each iteration of the model represent one emdax
year.

VIIl. PSEUDO-CODING OF THE ZERO MODEL

Agent-Family Rules of Behavior
a. A random family is selected randomly among the

georeferenced ones (Ai). If the family has already
chose a school for their children, another fansly i
selected randomly.

Distribucion colegios particulares pagacios

(3) private schools

Figure 2— Schools distribution by type
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b. A school is selected among the georeferenced ones h. Once the previous process is finished (all families

(Cj). If a school has completed their available chose schools). The changes of states of schamls ar
vacancies, another school is randomly selected. calculated.
School vacancies are calculated as the real i. The price of school;dés updated in the following
enrolment plus 5%, as basal flexibility. year according to the following rule: if vacancies

c. The distance between Ai y Cj (dij) is calculatedi an are not filled, the price of school updates a4 cif
the quality value (gj) and price (cj) of the schacd vacancies are indeed filled, the price is updated a
assigned using the database information. These ci+4, whered; follows a normal distribution N(&).
values are normalized. j- Quality g (in SIMCE standardized test results) is

d. An utility function for each school is calculatedr f updated each year as the average SIMCE average of
each family U(Ai,Cj) from the values calculated in the students of the school.
(c). The utility function is equivalent to the swh k. The simulation ends when all schools have updated
the partial utility function of each variable (whic their states.
are considered independent by hypothesis) |. The process from (a) is repeated for a Y% of
U(Ai,Cj)= U(dij)+U(aj)+U(cj). The utility function randomly selected students. As at least 25% of
is logistic. students a year change schools (Y% > 25%).

e. A probability of choice P(Ai,Cj) for Ai to choosejC This pseudo-coding will be programmed in the R
in a logit model [[Benenson and Torrens 2004) invironment, using the GIS data of schools and lfesni
the form of P(Ai,Cj)= exBU(AI,Cj)]. Future versions of the model will include the tasoty of

w’stricts as choice determinants and the other ermgsims

f. A random number between 0 and 1 is determined. . . L
th lue is the | 't the famil that have been identified as relevant for sociabiad
e value is the less or equal to RGP the family processes.

A chooses the;Gchool and the model goes back to
(a). If the value exceeds R(B) the family A does
not choose Cschool and the model goes back to  IX. THE NEW QUESTION OF SCHOOL CHOICE IGHILE

(b). Finally, the school choice process in the currehicational
g. This part of the model ends when all families haveoucher system in Chile, put against the contextual
selected a school for their children. empirical, conceptual and methodological backgroumdst
go beyond the question of the utility of the vouchgstem,
Agent-School Rules of Behavior but it must also encompass the question for thelitons of

real freedom of educational choice for families,

Distribucidén raiz distancia estudiante colegio.

Frequency
8000 10000 12000
\ \ |

6000

4000

2000
|

0
[

T T T T T T 1
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o
-
N
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Figure 3-Distribution Square Distance Student frSomools.
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understanding education as a complex systemnkdsssary
to rethink the approach to this research probletnoducing
innovative methodologies that combine statistidaments,
agent-based modeling and geographical informatystems
(GIS research should guarantee full confidentialihe
personal data of individuals and families, accagdia the
ethical principles of scientific research [117]herefore, to
reformulate the research question, the following@gtions
should be addressed: how socio-spatial structdeetafthe
interaction between educational agents and, péatlguhow
it affects the competition between educationalituisdns?
How they affect the real freedom of choice in slhgia
interactive contexts? Due to the above, to whagergxthe
spatial structure reduces the efficiency of the cheu
system, in comparison to alternative systems? Miatid
be the effects of changes in public policy, conside
geographical condition and interaction networks®eréfore,
future research should approach educational chbige
means of agent-based modeling and simulation oéffeet
of the space-time structure on the choice of edumal
institutions by the families, in the context of red choice
system and State funding through vouchers.
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X. APPENDIX
i. Factor analysis of principal components: eigenvabusd total variance explained to derive six factor

Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings
Total % of Variance Cumulative % Total % of Variance
3,863 19,314 19,314 3,863 19,314
2,808 14,041 33,356 | 2,808 14,041
2,042 10,208 43,563 | 2,042 10,208
1,687 8,435 51,998 1,687 8,435
1,146 5,731 57,729 1,146 5,731
1,052 5,262 62,991 1,052 5,262
,937 4,686 67,677
,921 4,604 72,281
,870 4,348 76,630
,683 3,413 80,042
,649 3,243 83,285
,694 2,969 86,254
,491 2,456 88,710
AT7 2,383 91,092
,448 2,242 93,334
,383 1,914 95,249
,295 1,477 96,725
,254 1,269 97,995
,227 1,133 99,128
174 ,872 100,000
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ii. Factor analysis of principal components: Rotatedmanent matrix

Rotated Component Matrix®
Component

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 11 iterations.
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i Cluster analysis dendrogram

Dendrogram using Average Linkage (Between Groups)

Rescaled Distance Cluster Combine
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