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Little  is known  about  how  the  experience  of  an  earthquake  affects  young  children’s  cognitive  outcomes.
On  February  27,  2010,  a  severe  earthquake  shook  southern  Chile.  The  earthquake  occurred  during  the
course  of  a  large-scale  evaluation  of  an  early  childhood  education  intervention  (child  average  age  =  53
months)  in  Santiago,  such  that one  cohort  of children  (n =  698)  experienced  baseline  data  collection
3–12  weeks  after  the  earthquake  occurred,  while  a different  cohort  of  children  (n  = 720)  did  not.  In  this
paper,  we  used  these  available  evaluation  data  to conduct  two sets  of analyses  that  explore  the  relation-
ship  between  preschool  children’s  exposure  to  the 2010  Chilean  earthquake  and  their  early  language,
pre-literacy,  mathematics  and  executive  function  outcomes.  In  the first  set of analyses,  we employed  a
propensity  score  analysis  to estimate  the  short-term  effect  of  the earthquake  on  preschool-  aged  chil-
dren’s  early  learning  and  executive  function  outcomes.  Results  suggest  that  children  who  experienced
the  earthquake  had  lower  scores  on  some  early  language  and  pre-literacy  assessments  than  those  who

did  not,  with  effect  sizes  of  approximately  20%  of  a  standard  deviation.  Results  from  the  second  set
of  analyses  suggest  that  among  the  families  who  experienced  the  earthquake,  children  whose  parents
reported  more  earthquake-  related  stressors  performed  significantly  lower  on some  early  language  and
pre-literacy  outcomes.  Implications  of  these  findings  for  disaster  relief  efforts  and  future  research  are

discussed.

. Introduction

On February 27, 2010 at 3:34 a.m., one of the strongest earth-
uakes in history shook southern Chile. Santiago, the nation’s
apital, sits approximately 500 kilometers north of Concepción, the
losest major city to the epicenter. While the city experienced much
ess devastation and damage than communities further south in
he country, Santiago and its residents suffered collapsed build-
ngs, blocked roads, and damaged homes (Barrionuevo & Robbins,
010). This study explores how the earthquake impacted some of
antiago’s youngest citizens—its preschool-aged children.

Few research studies explore the effects of natural disasters
n young children (Anderson, 2005), and those that do tend to

ocus on children’s mental health, socio-emotional development, or
ehavioral outcomes following a disaster (Vogel & Vernberg, 1993).
cholars have had fewer opportunities to document the effect of
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experiencing a natural disaster on young children’s early learning
skills. The present study contributes to the literature with two sets
of analyses that explore the relationship between preschool-aged
children’s exposure to the 2010 Chilean earthquake and their early
language and pre-literacy skills, emergent mathematics ability, and
executive function.

The  2010 Chilean earthquake occurred in the middle of the
implementation and evaluation of a large-scale teacher pro-
fessional development program in publically-funded prekinder-
gartens serving a high proportion of low-income families in
Santiago (Yoshikawa et al., 2015). The schedule of data collection
was such that one cohort of children in the sample began their
preschool year and experienced baseline data collection just after
the earthquake occurred, while a different cohort of children went
through data collection a year earlier, not experiencing the natural
disaster prior to taking the assessments. In the first set of analy-
ses, we capitalize on this natural experiment and compare these

two groups to estimate the relationship between children’s expe-
rience of the earthquake and their performance on early childhood
outcomes. However, the sampling procedures of UBC were such
that pre-existing differences between the two groups may have

dx.doi.org/10.1016/j.ecresq.2016.08.004
http://www.sciencedirect.com/science/journal/08852006
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ontributed to the selection of children into the cohort that experi-
nced the earthquake versus the cohort that did not. If unaccounted
or, these differences could confound any estimated effect of the
arthquake. To address these differences, we employ a propensity
core analysis with the aim of making the two cohorts comparable
n observed characteristics, save their earthquake exposure.

In  a second set of more exploratory analyses, we  test whether
hildren’s post-earthquake outcomes are related to their parents’
eport of stress following the disaster. Existing research suggests
hat children whose parents report more stress in the home after an
arthquake often have more extreme behavioral or mental health
ymptoms themselves (Proctor et al., 2007); we test whether this
attern holds for children’s early learning outcomes as well. Using
nly those children who were exposed to the earthquake—the
nly children for whom we have data on parent stress—we test
hether parents’ reports of earthquake-related stressors predict

heir children’s early language and pre-literacy skills, emergent
athematics ability, and executive function following the event.

.1.  Disasters and young children

Early studies in the field of disaster research suggested that
oung children (ages 0–5) are too young to understand the experi-
nce of an earthquake, and are unlikely to be affected by the event
Anderson, 2005). However, studies from the past 2–3 decades
ave made clear that young children do process and react to
atural and human-caused disasters and, as a result, can experi-
nce emotional and psychological distress (Buchanan, Casbergue,

 Baumgartner, 2009; Masten & Osofsky, 2010; Norris et al., 2002;
sofsky & Reuther, 2013). Research suggests that following a disas-

er, children can experience increased fear, more internalizing and
xternalizing behaviors, as well as behaviors symptomatic of post-
raumatic stress disorder (PTSD), including separation anxiety,
eliving the event, and emotional numbness or increased arousal
Norris et al., 2002; Osofsky & Reuther, 2013; Peek, 2008; Silverman

 La Greca, 2002). These symptoms have been observed in young
hildren following the experience of an earthquake (Endo, Shioiri,
oyabe, Akazawa, & Someya, 2007; Proctor et al., 2007), as well
s other types of human-caused and natural disasters, including
he 9/11 terrorist attacks (Chemtob, Nomura, & Abramovitz, 2008;
eVoe & Klein, 2011) and Hurricane Katrina (Osofsky, Kronenberg,
ocknek, & Hansel, 2015).

Research  has indicated that the extent of a child’s exposure
o a disaster—sometimes measured by a child’s physical proxim-
ty to the disaster (Goenjian et al., 1995) or the degree to which
he disaster impacted the child’s family, home, and/or immediate
nvironment (DeVoe & Klein, 2011) is positively related to chil-
ren’s post-disaster symptoms. We  might expect children living
urther from a disaster (like those in the sample of the present
tudy) to have fewer symptoms or less extreme reactions than chil-
ren closer to its epicenter. However, theory also suggests that
hildren and families from disadvantaged populations—e.g. low-
ncome communities, individuals with disabilities, and racial and
thnic minorities—may be more vulnerable to a disaster due to
heir social position (Peek & Stough, 2010). For example, families
ho live in poorly constructed homes or who have minimal access

o food supplies are more likely to be affected by an earthquake
han families with greater resources. As such, low-income families,
ncluding those who endure minimal physical destruction or live
ar from the event, like those in the sample of the present study,

ay nevertheless be prone to hardship following a disaster.

.2.  The effects of disasters and trauma on children’s early

earning outcomes

The  majority of literature exploring the impact of an earthquake
r other disasters on children focuses on symptoms related to PTSD
esearch Quarterly 38 (2017) 127–136

or children’s mental health (Anderson, 2005). Far less research has
explored how experiencing a disaster might impact other domains
of early child development, such as early language, pre-literacy,
math skills, or executive function. The few extant studies on the
topic suggest that experiencing a disaster might lead to decreased
performance on these skills. In their review of literature cover-
ing a host of both natural and human-caused disasters, Vogel and
Vernberg (1993) found that, on average, school-aged children expe-
rienced a decrease in academic performance after experiencing a
disaster. This pattern may be caused by students’ discontinuity in
school experiences due to damaged buildings, displacement, or par-
ents’ fear of letting them travel to school or be out their care (Peek,
2008).

Stress or trauma caused by disaster exposure may also result
in decreased academic performance. Trauma, defined as a deeply
stressful, emotionally painful event that induces short and long-
term feelings of fear and helplessness (Breslau et al., 1998;
Sagi-Schwartz, 2008), can affect many domains of child develop-
ment. Following a traumatic event, such as the experience of an
earthquake, young children can exhibit difficulty concentrating on
tasks at school (Cole et al., 2005; Osofsky & Reuther, 2013; Sagi-
Schwartz, 2008). An inability to concentrate on an assessment could
lead to short-term negative effects on measures of children’s lan-
guage and literacy, or mathematics skills following a disaster. In
addition, children may  temporarily regress in academic progress
or skill development following trauma, another possible cause of
short-term negative effects on early childhood measures of cogni-
tive ability (Cole et al., 2005).

The literature also describes a link between experiencing
trauma and children’s executive function—including their ability to
regulate their behavior and control impulses (DePrince, Weinzierl,
& Combs, 2009). Masten and Obradovic (2008) suggest that the fear
and anxiety associated with a natural disaster or other crises or
traumatic events can negatively affect children’s behavior regula-
tion and executive function, while Leskin and White (2007) find a
relationship between adults’ heightened PTSD symptoms following
a trauma and lower performance on executive function tasks.

Few  studies explore the effects of natural disaster on cog-
nitive outcomes and executive function; however, researchers
have explored the effect of other types of traumas on these out-
comes. For example, Sharkey (2010) and Sharkey, Tirado-Strayer,
Papachristos, and Raver (2012) found that incidents of community
violence decreased children’s scores on math and reading achieve-
ment, attention, and impulse control a week after the event. While
community violence is a qualitatively different type of trauma than
that of an earthquake, both types of events have the potential to
alter a child’s immediate environment and make them fear for their
safety, perhaps leading to short-term negative effects on children’s
cognitive performance.

1.3.  The role of caregiver stress in children’s response to disasters

Children’s interactions with their parents and caregivers may
mediate the effects of a traumatic event like an earthquake (DeVoe
& Klein, 2011; Masten & Narayan, 2012; Masten & Obradovic, 2008).
During and after an earthquake, caregivers can ease children’s fears
and help regulate behavior and emotions in the face of stress, in a
protective fashion (Osofsky & Reuther, 2013). Child resilience in
the face of the stress (Bonanno & Mancini, 2008; Masten & Wright,
2009) may, in part, depend on parents’ and caregivers’ ability to
provide a sense of safety and security (Osofsky & Reuther, 2013;
Proctor et al., 2007). However, some caregivers may face difficulties

during the aftermath of a disaster that may hinder their relation-
ships with their children (Deering, 2000; Kronenberg et al., 2010;
Osofsky & Reuther, 2013). As parents cope with their own symp-
toms after a disaster, they may  lack the material and emotional



Journal Identification = EARCHI Article Identification = 900 Date: November 25, 2016 Time: 2:32 pm

ood R

r
Z
o
s
c

2

2

e
8
l
e
c
G
p
a
W
t
i
a
f
t
E
s

2

e
g
b
s
(
i
s
b
c
e
c
f

e
c
B
i
t
b
a
d
t
r
i
a
l

3

3

a
C

C.J. Gomez, H. Yoshikawa / Early Childh

esources necessary to support their children’s needs (Scheeringa &
eanah, 2001), leading to measurable negative effects on children’s
utcomes. For example, Proctor et al. (2007) found that parental
tress mediated the relationship between earthquake exposure and
hildren’s distress following the event.

. The present study

.1.  Earthquake context

In  this study, we explore the effects of the 2010 Chilean
arthquake on preschool-age children’s cognitive outcomes. The
.8-magnitude earthquake, the 6th most severe quake in the

ast century, occurred at 3:30 a.m. on February 27, 2010. The
picenter was located off the Pacific coast, near the city of Concep-
ión, approximately 500 km southwest of Santiago (United Stated
eological Survey, 2015). News outlets suggested that millions of
eople were affected, as the earthquake caused hundreds of deaths
nd mass physical destruction (Barrionuevo & Robbins, 2010).
hile the most extreme physical damage was reported closest to

he epicenter, Santiago experienced very strong to severe shak-
ng (United Stated Geological Survey, 2015), collapsing buildings
nd severely damaging roads. Citizens of Santiago reported many
earful days of aftershocks (Snook, 2010). In the month following
he initial quake, there were over 1000 aftershocks (Earthquake
ngineering Research Institute, 2010), adding to the general of
tress of citizens in the country.

.2. Research questions

Most  disaster research only reports on children who  experi-
nced the event, without including an appropriate comparison
roup. These works are limited in their ability to distinguish
etween symptoms that were caused by the disaster, and those
ymptoms that might be attributed to preexisting characteristics
Norris et al., 2002). In this study, we capitalize on a natural exper-
ment, and employ a quasi-experimental design and a propensity
core analysis to obtain less biased estimates of the relationship
etween experiencing an earthquake and children’s cognitive out-
omes. The first research question is: To what extent did the 2010
arthquake in Chile have a short-term effect on low-income preschool
hildren’s performance on their early learning outcomes and executive
unction?

This study also builds on previous research indicating that par-
nts’ own experience of a natural disaster may  affect how their
hildren respond to the event (Kaplan, Stolk, Valibhoy, Tucker, &
aker, 2016; Masten & Narayan, 2012; Proctor et al., 2007). The

deal analyses would involve a test of mediation to confirm whether
he effect of the earthquake on children’s outcomes is explained
y the effect of the earthquake on parent stress. However, such
nalyses are not possible with the current sample given a lack of
ata on parent stress for the comparison group. Instead, we  explore
he relationship between parents’ self-report of their earthquake-
elated stressors and child outcomes. The second research question
s: Do parents’ reports of their emotional, material and financial stress
fter the earthquake predict their children’s cognitive outcomes fol-
owing the event?

.  Method

.1. Datasets
Data for this study were collected as part the evaluation of
 teacher professional development intervention called Un Buen
omienzo (UBC) designed to improve the quality of preschool in
esearch Quarterly 38 (2017) 127–136 129

low-income communities in Santiago, Chile (see Yoshikawa et al.,
2015, for details). The 2010 Chilean earthquake occurred just before
the first wave of data collection of one of the two main cohorts
of the study. Child outcome data and family, child, and teacher
demographic information were taken from the UBC  dataset. We
also make use of municipality-level data from a publicly available
national Chilean data source, the National Socioeconomic Charac-
terization Survey, administered in 2009.

3.2. Procedures

3.2.1. Sampling procedures
The  UBC intervention took place in low-income municipali-

ties in the greater Santiago metropolitan region. Municipalities
(or comunas) are small administrative divisions within the greater
Región Metropolitana, each with its own  city council and elected
mayor. UBC engaged in a purposive sampling when selecting the
participating municipalities. Eligible municipalities were required
to: a) have a high proportion of vulnerable children (a minimum of
20%, though most municipalities had higher percentages); b) have a
minimum of eight schools with pre-kindergarten and kindergarten
classrooms; and c) be located in the metropolitan area of Santi-
ago. Following an application and interview process, UBC selected
six municipalities to participate in the intervention and its experi-
mental evaluation. Five of the six municipalities are represented in
the analytic sample: two  in what we  will refer to as Cohort C (the
comparison group) and three in Cohort E (the earthquake group).
While the municipality selection process took place at two differ-
ent time points (in 2008 for Cohort C and 2009 for Cohort E), all of
the municipalities and their school populations were, as a group,
selected to represent low-income children and families in Santiago.
One additional municipality from the original dataset was  excluded
from the analyses. The children from this municipality would have
been included in the comparison group because baseline data for
these children were collected in 2008 (before the earthquake). We
chose to exclude this group because inconsistencies in baseline
demographic variables meant these children did not have adequate
information for the propensity score analysis.

3.2.2. Data collection and participants
Data were collected during the start of each cohort’s preschool

year—in March–May of 2009 for cohort C and March–May 2010
for cohort E. The timing of data collection for UBC in relation to
the earthquake is critically important to this study. Cohort C (the
comparison group) began preschool and experienced data collec-
tion the year before the earthquake, while Cohort E (the earthquake
group) started preschool and completed child assessments in the
first months of 2010, a few weeks after the earthquake occurred. As
such, the timing of the 2010 Chilean earthquake in the context of
the UBC evaluation created a situation similar to a natural experi-
ment, or a “naturally occurring contrast between a treatment and
comparison condition” (Shadish, Cook, & Campbell, 2002, p. 17).
We exploit this variation in children’s earthquake experiences by
comparing these two  cohorts to understand how the event affected
children’s early learning outcomes.

As part of the data collection process, parents completed ques-
tionnaires about their children and demographic information about
their families. Direct assessments of children’s cognitive outcomes
and executive function were collected at children’s schools or in
their homes by a team of trained research assistants. All teachers
involved in UBC were also asked to fill out information about their
demographic characteristics. For Cohort E, 95% of parent, child and

teacher demographic data, and child outcomes were collected 3–12
weeks after the earthquake.

In  addition to the demographic questionnaire, parents in Cohort
E were administered an “Earthquake Survey.” This 29- question
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Table 1
Descriptive statistics for the full sample and by earthquake and comparison groups.

Full Sample Comparison Group (Cohort C) Earthquake Group (Cohort E)
mean (sd) mean (sd) mean (sd)

n 1418 720 698

Child  Outcomes
Vocabulary 18.25 (4.6) 19.11 (4.63) 17.43 (4.42)
Letter-Word  Identification 5.47 (2.42) 5.92 (2.46) 5.06 (2.31)
Dictation  6.00 (1.97) 6.18 (2.00) 5.81 (1.93)
Text  Comprehension 3.03 (1.25) 3.22 (1.17) 2.84 (1.30)
Applied  Problems 7.89 (3.45) 8.4 (3.61) 7.46 (3.25)
Executive  Functioning 2.42 (1.71) 2.55 (1.76) 2.3 (1.65)

Child  and Parent Demographics
Agea,c 53.46 (3.68) 53.88 (3.17) 53.03 (3.59)
%  male 48.03% 48.75% 47.28%
%  with prior early education experience 48.09% 47.29% 48.92%

Mother  Education
%  some elementary school 11.18% 11.73% 10.61%
%  completed elementary school 13.41% 12.16% 14.68%
%  some high schoolc 22.06% 18.03% 26.16%
%  completed high schoold 37.78% 40.20% 35.32%
%  some universityd 13.34% 15.02% 11.63%
%  completed university 2.24% 2.86% 1.60%

Father  Education
%  some elementary schoold 9.40% 8.05% 10.81%
%  completed elementary school 10.74% 12.07% 9.35%
%  some high school 24.96% 23.07% 26.94%
%  completed high school 38.23% 36.07% 40.48%
%  some universityc 13.67% 16.72% 10.48%
%  completed universityc 3.00% 4.02% 1.94%

Teacher  Demographicsb

Teacher agec 44.64 (8.10) 42.85 (7.63) 46.50 (8.14)
%  with a degree from a Universityc 63.40% 57.71% 69.27%
%  with a post graduate certificate 48.27% 50.00% 46.49%
%  experience in a government sponsored preschool 15.80% 15.13% 16.47%
%  experience in a private preschool 60.65% 60.76% 60.53%
%  taught for less than 5 yearsc 15.09% 24.31% 5.59%
%  taught for 5–14 yearsc 23.80% 21.11% 26.58%
%  taught for 15 or more yearsc 61.11% 54.58% 67.84%
%  with less than 5 years experience in K 65.55% 70.76% 60.17%
%  with less than 5 years experience in preKc 29.34% 43.47% 14.76%

a Child age measured in months.
b Teacher variables unit of analysis is the classroom mean.
c ups at
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Denotes a statistically significant different between earthquake and control gro
d Denotes a statistically significant different between earthquake and control gro

upplement to the parent survey was designed by the UBC evalua-
ion team immediately following the news of the disaster (Moreno
t al., 2011). The survey gathered information about parents’ per-
eptions of the earthquake’s immediate effects on their families’
veryday lives, including parent and child stress, and the family
nancial and material resources.

There are a total of 1418 children in the analytic sample: 698
n the earthquake group and 720 in the comparison group. Chil-
ren were nested in 57 schools and five municipalities (see Table 1
or sample descriptive statistics). The analytic sample represented
0% of the total number of children sampled in Cohorts C and E
n = 1583). We  excluded 165 children who were either missing all
utcome data or all data on the parent and teacher demographic
urvey (n = 127) or whose pattern of missingness on covariates pre-
luded their inclusion in the missing data strategy (n = 38).

.3. Measures
All  measures were drawn from the larger UBC dataset. Unlike
ther analyses of these data (Yoshikawa et al., 2015), we  excluded
easures of children’s socio-emotional development because they
ere reported by adults (parents, teachers or child assessors). All
 � < 0.05 level (demographic variables only).
 � < 0.10 level (demographic variables only).

of  these adults experienced the earthquake, and past research
suggests that adults’ reports of child symptoms following an earth-
quake may  be confounded by adults’ own well-being after the event
(Masten & Osofsky, 2010). As such, we  used only direct child assess-
ments conducted by trained graduate-student data collectors.

3.3.1.  Language, literacy, and emergent mathematics outcomes
The  UBC evaluation team assessed children’s language and

literacy skills with four subtests from the Woodcock-Muñoz
Language Survey Revised Spanish Form (WMLS-R;Woodcock,
Muñoz-Sandoval, Ruef, & Alvarado, 2005) including the picture
vocabulary, letter-word identification, dictation, and text compre-
hension subtests. These measures have been tested and validated
for Spanish-speaking children in Latin America (Schrank, McGrew,
Ruef, Muñoz- Sandoval, & Woodcock, 2005).

The picture vocabulary subtest measures receptive vocabu-
lary and requires the child to point to named pictures. The
letter-word identification subtest requires that the child match

pictures with words, name letters, and read words aloud from
a list. The dictation subtest measures prewriting and writing
skills. The text comprehension subtest measures children’s under-
standing of basic passages, using pictorial representations for
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hildren at the preschool level. The UBC team used the applied
roblems subtest from the Woodcock-Muñoz Bateria III Pruebas
e Aprovechamiento, Spanish Form (Muñoz-Sandoval, Woodcock,
cGrew, & Mather, 2005) to measure children’s emergent mathe-
atics skills. This subtest measures numeracy and simple problem

olving. Raw scores of all five Woodcock-Muñoz subtests were
sed. The internal consistency reliability coefficients for the assess-
ents ranged from 0.76 to 0.97.

.3.2. Executive function
The executive function assessments measure two  components

f this developmental construct in the preschool- age period: cogni-
ive flexibility and cognitive inhibitory control. Cognitive flexibility
nd cognitive inhibition are defined as the abilities to suppress pre-
otent responses and behaviors in reaction to motor or cognitive
timuli (Barata, 2011). The executive function battery contained
hree assessments: the Dimensional Change Card Sort (DCCS), the
encil Tapping (PT) task and the Walk-a-Line Slowly (WLS) task.
he DCCS measures cognitive flexibility by asking children to sort
ards according to one dimension (shape or color) and then accord-
ng to the other dimension. In the PT task (Diamond & Taylor, 1996),
he children were asked to tap twice if the evaluator tapped once
nd tap once if the evaluator tapped twice. This assessment primar-
ly measures cognitive inhibitory control. The WLS  task measures
nhibitory control, with a focus on gross motor control. Children

ere asked to walk along a 6-foot-long piece of string taped to the
oor as the assessor timed them. Children were then asked to repeat
he task twice, first walking slower and then walking as slowly as
ossible, for a total of three trials. The WLS  total score measures
he average percentage reduction by which children reduced their
peed on successive trials.

Measurement work (Barata, 2011) suggested these assessments
ere valid for the Chilean sample, and that all three constructs

oaded on to one executive function factor. Given this, we cre-
ted a unit-weighted composite using children’s scores on of
ll three assessments to represent executive function skills. The
omposite was coded such that high values on the measure corre-
pond to higher (more desirable) scores on the executive function
ssessments. Descriptive statistics for all outcomes measures are
resented in Table 1.

.3.3. Earthquake exposure and earthquake-related stressors
The predictor of interest for research question 1, earthquake,  is

 dichotomous variable that indicates whether a child experienced
he 2010 earthquake before her preschool year. It was coded 0 for
he comparison group and 1 for the earthquake group. This variable
oes not capture the nature of children’s earthquake experience but
imply whether the earthquake occurred before they began school.
or reporting purposes, Santiago was considered one geographic
rea (United Stated Geological Survey, 2015), and the level of shak-
ng was recorded as consistent across the entire metropolitan area.
he binary coding scheme for earthquake assumes that all fami-
ies in Cohort E experienced the earthquake in the same way, as

e do not have an objective measure of any variation in children’s
arthquake exposure.

To answer research question 2, data from the earthquake sur-
ey were used to create a subjective measure of parents’ reports of
he earthquake-related stressors experienced following the event.
n creating this measure, we focused on items that measured
arents’ own experiences, rather than parents’ reports of their chil-
ren’s experiences. We  also excluded survey items with insufficient
ariation. Based on these criteria we included nine binary items

hat measured parents’ economic and emotional stressors after
he earthquake: 1) whether either parent had an involuntary job
nterruption following the earthquake; 2) whether the family expe-
ienced a loss of income following the earthquake; 3) whether the
esearch Quarterly 38 (2017) 127–136 131

parent had trouble finding food for their family following the earth-
quake; 4) whether the parent had trouble paying for food following
the earthquake; 5) whether the parent had trouble finding potable
water for their family following the earthquake; 6) whether the
parent was  afraid to send his child to school following the earth-
quake; 7) whether the parent did not send his children to school
after the earthquake; 8) whether any family or friends had been
hurt, died, or lost a home following the earthquake; and 9) whether
the parent cried or displayed distressed emotions in front of the
child following the earthquake.

Based on a principal components analysis indicating that all nine
items measured a single dimension, we  summed the items to cre-
ate an index measuring how many of the nine stressors families
experienced. The shape of the distribution, with a median falling
at 1 stressor and strong positive skew, suggested that the sample
fell into two substantively meaningful groups: those families with
0 or 1 stressors, and those with 2 or more. This characterization
is consistent with literature suggesting that populations at great-
est risk for being harmed by a nature disaster tend to experience
multiple hardships (Catani et al., 2010; Peek, 2008). We  created
a binary variable (earthquake stressors) coded “zero” for 1 or 0
stressors (earthquake stressors = 0) and coded “one” for 2 or more
stressors (earthquake stressors = 1). Close to half (42%) of children
in the earthquake group (n = 293) had parents who  reported 2 or
more stressors.

3.3.4. Covariates
All analytic models included a set of child and family covariates,

including child gender and age, mother’s and father’s education,
and a binary variable indicating whether a child had prior expe-
rience in an early education setting. In addition, we adjusted for
a set of classroom-level covariates including teacher age, years of
overall teaching experience, years of teaching experience in early
education settings, experience teaching in a private school set-
ting, experience teaching in a government sponsored preschool,
and teacher education, including receipt of a university degree and
receipt of an additional teaching certificate.

A municipality covariate measuring municipality-level socioe-
conomic status was also used in analyses for research question 1.
We created a composite by calculating the standardized average
of five survey items from the National Socioeconomic Characteri-
zation Survey: 1) percent of poor households in the municipality;
2) average total household income; 3) percent of 18 year-old res-
idents with at least a high school degree; 4) percent of residents
with private health care and; 5) percent of households that are
over-crowded. A principal components analysis suggested only the
first principal component rose above an eigenvalue of 1, revealing
one dimension of information among the items. The scale had high
internal consistency with a Cronbach’s alpha of 0.81.

3.4. Data-analytic plan

3.4.1. Research question 1: propensity score analysis
3.4.1.1. Estimating the propensity scores. Although the earthquake
was an unplanned, naturally occurring event, the comparison
between Cohort C and Cohort E differs from other natural exper-
iments in important ways (Shadish et al., 2002). In most natural
experiments, the experience of the treatment—in this case, the
earthquake—is exogenous to all other individual characteristics in
the sample, allowing for an unbiased estimate of the treatment
effect (Murnane & Willett, 2010; Shadish et al., 2002); this was
not the case in the current situation. The municipality selection

process for the cohorts took place at two different time points; in
2008 for Cohort C and in 2009 for Cohort E. While the selection
criteria for the municipalities were the same in each year (see the
Procedures section for details) it is possible that the municipalities
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and thus children within them) selected in 2008 were different
han those chosen in 2009 on characteristics not considered in the
election process. Any differences between these two  groups could
ias estimates of the relationship between earthquake exposure
nd children’s outcomes.

Indeed,  an inspection of the descriptive statistics in Table 1
eveals important demographic differences between the earth-
uake and comparison groups. For example, the children in the
omparison group were, on average, one month older than those in
he earthquake group (t = 2.809, p < 0.01). As age is positively related
ith performance on cognitive measures, this imbalance could lead

he comparison group to have higher scores on the outcome mea-
ures, regardless of the earthquake. An unadjusted comparison of
he two groups could result in an estimate of the earthquake effect
hat would be larger than the true effect in the population.

To  adjust for such observed differences between the treatment
nd comparison groups, we employed a propensity score analy-
is. A propensity score is the estimated probability of assignment
o a treatment group conditioned on a set of observed covariates
Rosenbaum & Rubin, 1983). To estimate the propensity scores,
e fit a logistic regression model in which the dichotomous vari-

ble describing whether or not a child experienced the earthquake
efore starting preschool (earthquake) was predicted by the child-,
amily-, and teacher-level covariates. Given well-measured covari-
tes and a correctly specified logit model, the propensity score can
e thought of as the summary statistic of the systematic selection

nto the earthquake and control groups conditioned on observed
ovariates (Murnane & Willett, 2010).

We incorporated the propensity scores as inverse probability
eights in multi-level regression models estimating the earth-

uake effect. In comparison to other possible propensity score
ethods, such as nearest neighbor matching, weighting by the

nverse of the propensity score is thought to be more efficient
trategy primarily because it does not require cases without an
xact match in the opposing groups to be dropped from the anal-
ses (Hirano, Imbens, & Ridder, 2003; Murnane & Willett, 2010).
bservations in the earthquake group were given a weight of 1/p
nd observations in the comparison group were given a weight of
/(1-p), where (p) is the estimated propensity score (Murnane &
illett, 2010). Children in the earthquake group with high propen-

ity scores were undercounted, while comparison cases with high
ropensity scores were over-counted in the analyses, effectively
omparing children in the earthquake group with children in the
omparison group who are most similar to them (Crosnoe, 2009).

.4.1.2.  Evaluating the success of the propensity scores. To test
hether the propensity score analysis successfully corrected the

ampling differences observed between the two groups (Austin,
011), we compared balance across the covariates between the
arthquake and comparison group in unweighted versus weighted
amples. Following standards established by other scholars, we
rst tested whether the inverse probability weights decreased
he number of statistically significant differences between the
amples (Austin, 2011). We  then explored whether the weights
ecreased the magnitude of the observed differences between the
roups. Based on established standards in the field (Harding, 2015;
cCormick, Cappella, O’Connor, Hill, & McClowry, 2015), we  aimed

or the weighted sample to achieve standardized mean differences
etween the two groups of no more than 0.05 SDs, and SD ratios
etween 0.9 and 1.1 (for continuous variables only).

.4.1.3. Estimating the relationship between children’s earthquake

xposure and early learning outcomes. To address research question
, we fit multi-level regression models that estimated the rela-
ionship between children’s earthquake exposure and their early
earning outcomes. The predictor of interest was the binary indi-
esearch Quarterly 38 (2017) 127–136

cator  earthquake; its corresponding coefficient captured the effect
of the earthquake on child outcomes at the start of preschool.
These models were weighted by the inverse propensity scores as
described above to address sampling differences across the earth-
quake and comparison groups. We  also controlled for the observed
child, family, and teacher characteristics to further remove any
potential bias (Hill & Reiter, 2006) and the composite measure of
municipality SES. We  accounted for the nesting of children within
schools by specifying a random, school-level intercept.

3.4.2. Research question 2: multi-level regression analysis
To  address research question 2, we restricted the analytic sam-

ple to Cohort E and used a multi-level regression model to explore
whether parents’ experiences of earthquake following the disas-
ter predicted children’s outcomes. A traditional mediation analysis
would be ideal to test whether the effect of the earthquake on chil-
dren’s outcomes was accounted for by their parents’ experiences.
However, due to a lack of information on parent stress in Cohort
C, it was not possible to fit such models. The regression model
employed here tested whether parent stress predicted variation
in child outcomes among the earthquake group only, thus provid-
ing insight into the relationship between children outcomes and
parents’ experiences of the disaster.

In these models, the predictor of interest was the binary
indicator earthquake stressors, where the corresponding coeffi-
cient estimated the predicted mean difference in child outcomes
between children whose parents experienced 0 or 1 stressors and
children whose parents experienced 2 or more stressors. In addi-
tion, we  controlled for the child, family, and teacher covariates used
in the propensity score model and fixed effects for the three munic-
ipalities in cohort E. Finally, the multi-level models accounted for
the nesting of children within schools with a random, school-level
intercept.

3.5. Missing data

Covariate  missingness ranged from less than 1% to 10%. Miss-
ing data were addressed by adding binary indicators recording
whether or not children were missing on each of the covariates; we
imputed the sample mean of each covariate for the missing values
(Haviland, Nagin, & Rosenbaum, 2007). It is reasonable to assume
that children with similar patterns of missingness in the earth-
quake and comparison groups may  look similar on other observed
or unobserved characteristics; thus achieving balance across these
indicators would help to remove sampling differences between
the two  groups (Harding, 2015). As such, we  included these miss-
ingness indicators in the propensity score analysis and predictive
models described above.

4.  Results

4.1. Effectiveness of the propensity score model

In Table 1 of the online Supplementary materials, we present
results of the balance checks used to assess the success with which
the propensity score analysis and inverse probability weighting
corrected the sampling differences between the earthquake and
treatment groups. The weighting successfully resolved nearly all
sampling imbalances. In the unweighted sample, twelve covariates
showed statistically significant differences across the two groups;
in the weighted sample only 1 covariate showed a statistically

significant difference at the � < 0.05 level. In addition, the weight-
ing procedures decreased the standardized mean differences, and
brought the SD ratios closer to 1, for nearly all covariates included
in the model.
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Table  2
Multi-level models estimating the effect of the earthquake on children’s cognitive and executive function outcomes.

Early Language and Literacy Emergent Mathematics Executive Function

Vocabulary Letter-Word Identification Dictation Text Comprehension Applied Problems Executive Function Composite

Earthquake −0.45 −0.46** −0.10 −0.27* −0.21 −0.10
Standard  Error 0.31 0.17 0.17 0.11 0.38 0.18
Effect  Size −0.10 −0.19 −0.05 −0.22 −0.06 −0.06
N  1327 1322 1345 1350 1271 1377

Note: Table includes unstandardized coefficients, standard errors and effect sizes. All multi-level models (children nested in schools; school-level n = 57) incorporate inverse
probability weights, direct control of child, family, teacher and municipality covariates.

Table 3
Multi-level models describing the association between parent-reported, earthquake-related stressors, and child outcomes among the earthquake group.

Early Language and Literacy Emergent Mathematics Executive Function

Vocabulary Letter-Word Identification Dictation Text Comprehension Applied Problems Executive Function Composite

Earthquake Stressors −0.23 −0.31∼ −0.22 −0.17∼ −0.08 −0.22∼
Standard  Error −0.33 −0.18  −0.14 −0.10 −0.25 −0.12
Effect  Size −0.05 −0.13 −0.11 −0.14 −0.02 −0.13
N  687 693 680 690 693 692
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hild,  family, teacher and municipality covariates, and comuna fixed effects.

.2. Research question 1: estimating the relationship between
arthquake exposure and child outcomes

In Table 2, we present results for research question 1. The esti-
ates suggest a negative and statistically significant relationship

etween children’s earthquake exposure and their performance
n two of the four language and literacy outcomes: letter-word
dentification and text comprehension, with effect sizes of −0.19
nd −0.22 standard deviations, respectively. These results suggest
hat, on average, the children who experienced the earthquake
erformed less well on these assessments of early literacy. The
oefficients describing the effect of the earthquake on children’s
erformance in vocabulary, dictation, mathematics, and executive
unction had negative signs, but were statistically indistinguishable
rom zero. As such we found insufficient evidence to suggest that
he earthquake had an effect on these domains.

.2.1. Sensitivity analysis: addressing sample imbalances
Although the propensity score model successfully reduced the

tatistically significant differences between the treatment and
omparison groups on the observed covariates, some sample
mbalances remained. We  conducted one sensitivity analysis to
ddress this threat to validity. Among children with high propen-
ity scores (0.8 and above)—or those children with a high predicted
robability of being in the earthquake group, conditional on the
ovariates—there was very low representation from children in the
omparison group (n = 26) as compared to the earthquake group
n = 208). This suggests that in the high end of the propensity score
istribution, there were few comparison group children with sim-

lar characteristics to those in the treatment group. This lack of
alance could serve to bias the results. To test the sensitivity of the
rimary estimates to this imbalance, we re-fit the primary models
or research question 1 on a reduced sample that excluded all cases
ith propensity scores above 0.8. These models produced a similar
atterns of results to the primary analyses, suggesting the primary
stimates are robust to small sample imbalances.

.3. Research question 2: estimating the relationship between
arents’  earthquake related-stressors and child outcomes
In  Table 3, we report parameter estimates from the multi-
evel models that test whether parents’ reports of the stressors
hey experienced after the earthquake predicted their children’s
ulti-level models (children nested in schools; school-level n = 57), direct control of

outcomes.  The results suggest that all of the child outcomes
were negatively associated with parents’ report of stress following
the earthquake, controlling for child, family, and teacher demo-
graphic covariates. For three outcomes–letter-word identification,
text comprehension, and executive function—the coefficients were
marginally significant at the � < 0.10 level. When compared to
children whose parents reported experiencing none or 1 stressor,
those children whose parents experienced two or more stressors
following the earthquake scored 0.13, 0.14 and 0.13 SDs lower
on letter-word identification, text comprehension and executive
function, respectively. Consistent with the results from research
question 1, these findings suggest no relationship between parents’
reports of their stressors following the earthquake and their chil-
dren’s performance on the other language and literacy assessments
or the mathematics assessments.

5.  Discussion

The primary aim of this study was  to understand the effect of
the 2010 Chilean earthquake on preschool-aged children’s cogni-
tive and executive function outcomes. The results from the first
set of analyses indicate that, on average, children who experi-
enced the earthquake just prior to starting preschool performed
significantly lower on the letter-word identification and text com-
prehension assessments than children who  did not experience the
earthquake before starting school (with effect sizes of −0.19 and
−0.22 respectively). While we  found no evidence to suggest that
the earthquake had a statistically significant effect on children’s
emergent mathematics or their executive function outcomes, the
coefficients associated with these effects were all negative, follow-
ing the same pattern as the language and literacy assessments.

The  second set of results indicated that among the earth-
quake group, parents’ reports of the stressors they experienced
following the earthquake were negatively related to the same
two language and literacy outcomes, as well as executive func-
tion skills. Children whose parents reported experiencing two or
more earthquake-related stressors had letter-word identification
and text comprehension scores that were significantly lower than

children whose parents reported only one or zero stressors follow-
ing the disaster. While not a true test of mediation, these results are
consistent with the presence of mediation, as we found the most
robust evidence of a relationship between parent stress and child
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utcomes for those assessments that had the strongest earthquake
ffects (i.e. letter-word identification and text comprehension).

The  results of this study are aligned with past research sug-
esting that, over all, experiencing an earthquake is negatively
elated to young children’s developmental outcomes shortly after
he event. Most studies find that children experience behavior
roblems and/or a negative effect on their socio-emotional out-
omes following exposure to an earthquake (Vogel & Vernberg,
993). Few studies connect the experience of a natural disaster
nd children’s performance on language skills. In this regard, the
ndings in this study are unique in the literature.

The results here are consistent with research exploring the effect
f trauma and stress, broadly defined, on child outcomes. Specifi-
ally, the earthquake’s negative effect on children’s language and
iteracy performance is analogous to Sharkey’s (2010) result show-
ng that incidents of neighborhood violence decreased children’s
erformance on reading standardized tests. The children in the
resent study did not live near the epicenter of the earthquake
here the damage and destruction were most extreme. Yet the
ndings indicate that this relatively minor exposure to the earth-
uake was negatively related to their performance on some early

earning outcomes. These results suggest that even minor or indi-
ect exposure to trauma and stress can have an effect on children’s
erformance on cognitive outcomes.

While the results suggest a negative relationship between
arent stress and children’s executive function, there was lit-
le evidence to suggest that the earthquake had a direct effect
n children’s executive functioning performance. This is some-
hat surprising given that extant research suggests a connection

etween disaster exposure, trauma, and deficits in executive func-
ion (Leskin & White, 2007; Sharkey et al., 2012; Silverman & La
reca, 2002). The absence of a relationship with executive function

n the present study may  have to do with the assessments used
n the UBC evaluation. The three tasks in the UBC executive func-
ion battery measure cognitive flexibility and cognitive inhibitory
ontrol (see measure sections for more detail). These dimensions
f executive function are somewhat different than those used by
ther studies reviewed here. Specifically, some executive function
atteries focus primarily on effortful control (Sharkey et al., 2012).
ccording to Blair and Razza (2007), effortful control includes the
automatic or nonconscious” control of emotional responses (p.
48). By contrast, dimensions of executive function like cogni-
ive inhibitory control capture the “volitional control of cognitive
elf-regulatory processes” (Blair & Razza, 2007; p. 648). There may
e more active cognition involved in cognitive inhibitory control,
hile effortful control can be automatic. The results presented here
ay  suggest that stress associated with a traumatic event is less

ikely to impact cognitive flexibility and cognitive inhibitory con-
rol.

.1. Child outcomes and parent earthquake-related stress

Young  children rely on their parents and caregivers to help them
egulate their own emotions and stress response during traumatic
xperiences. When parents face stressors following a natural dis-
ster, they may  have a more difficult time helping their children
o process and recover from the event (Osofsky & Reuther, 2013).
arents of children in the earthquake-exposed cohort reported
tressors such as loss of income, fear that family and friends had
een hurt, and food insecurity as a result of the earthquake and
he disaster’s aftermath. These circumstances may  have led to

ncreased stress in the home, impacting their children’s ability to
erform on cognitive outcomes. While we were unable to test for
ediation, the results from the second set of analysis were con-

istent with the hypothesis that parents’ stress and experiences
esearch Quarterly 38 (2017) 127–136

are  one pathway through which children are affected by natural
disasters.

The relationship between parents’ reports of their own stress-
ors and their children’s reactions to the earthquakes outcome also
underscores the importance of research that includes direct assess-
ments of child outcomes. Many studies that explore how natural
disasters affect children rely on parent or teacher reports of child
outcomes. While parents and teachers are sources of invaluable
information about child well-being, caregivers’ reports of their chil-
dren’s behavior may be confounded by their own experience of
the disaster (Masten & Osofsky, 2010). An observed positive rela-
tionship between parents’ symptoms and parents’ reports of their
children’s symptoms may  be upwardly biased if parents who  were
themselves more affected by the event are also more likely to per-
ceive their children as doing poorly. This confounding factor is one
limitation of most past research. The present study has the benefit
of direct assessments of children’s cognitive outcomes. As such we
can be more confident that the relationships observed here are free
of this particular type of bias.

5.2. Implications and future research

5.2.1. Implications for parents and practitioners
This study suggests that exposure to a natural disaster not only

affects children’s emotional health, as the extant literature sug-
gests, but may  also affect language and literacy outcomes. These
findings support the existing call in the field to prepare communi-
ties with the tools and knowledge to support children and families
in the wake of a natural disaster (Masten & Osofsky, 2010). Arbour,
Murray, Arriet, Moraga, & Vega (2011) found that the Chilean gov-
ernment’s response to the earthquake, particularly with regard to
the needs of children, was efficient and effective. While services
were administered throughout Chile, the efforts were concentrated
in the most severely affect areas, of which Santiago was  not one. The
results from this study suggest that even children far from physical
danger can be affected by the traumatic event. When possible, dis-
aster relief efforts should be taken to scale, and include regions that
fall inside and outside of the extreme disaster areas. In these less
affected areas, disaster relief geared toward children and families
might focus on helping parents understand how to support their
children while coping with their own stressors.

5.2.2. Implications for research
This  work raises several questions for future research. First this

study is an example of how existing data can be repurposed to
address often hard-to-answer questions about children’s outcomes
following an earthquake. Quasi-experimental techniques might be
employed in other settings to study children’s development follow-
ing an earthquake. In addition, more research is needed to unpack
the mechanisms through which natural disasters affect children.
Our results provide exploratory evidence to suggest a relationship
between parent stress and child outcomes following the disaster.
With the necessary data (unavailable in this work), future research
should include tests of mediation to confirm whether, and how par-
ents’ stress or other social and environmental factors contribute to
children’s experiences following natural disasters.

In this study, we  explored the short-term effect (3–12 weeks
after the event) of the earthquake on children’s cognitive per-
formance. Questions remain as to whether these effects persist
over time. Research suggests that most children’s behavioral or

socio-emotional symptoms following a disaster fade as time passes
(Kronenberg et al., 2010; Vogel & Vernberg, 1993). Future research
should employ longitudinal data to explore whether the same pat-
tern holds for the language and literacy outcomes tested here.
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.3. Limitations and additional threats to validity

In comparison to other examples of propensity score methods,
his study used relatively few covariates to the estimate propensity
cores (Austin, 2011; Thoemmes & Kim, 2011). The current dataset
ontains a rich set of covariates describing family and child char-
cteristics, such as child health status and home literacy practices.
owever, in the earthquake comparison group, all of these charac-

eristics were measured after the disaster, meaning they could have
een affected by the earthquake and were consequently unsuit-
ble for the propensity score model. As such, this study was  limited
n available variables to contribute to modeling selection into the
reatment.

In addition, there are two potential threats to validity to the
ropensity score analysis that could not be addressed with empir-

cal strategies. First, the study was timed such that the evaluation
eam collected data for the earthquake treatment group in 2010 and
he earthquake comparison group in 2009. If there was a secular
ime trend affecting children’s outcomes, then the primary analy-
es may  be biased. However, there is little reason to suspect that

 secular trend would cause changes to child outcomes as large as
he observed earthquake effects over the course of a single year.
urther, contextual evidence suggests that beginning in 2006, the
hilean government began making financial investments in pro-
rams, services, and organizations that support the development
f young children (Cárcamo, Vermeer, Harpe la, van der Veer, &
an IJzendoorn, 2014). If successful, the presence of these services
ay have led to a general positive trend in child cognitive skills

ver time, which would cause the analyses to underestimate the
egative short-term impact of the earthquake.

Second, it is possible that differences in the testing conditions
xperienced by children in the earthquake group and the compari-
on group pose a threat to validity. However, documentation from
he evaluation of UBC suggests that the physical infrastructure of
early all of the schools in the intervention were untouched by the
arthquake, and the testing conditions were largely the same across
he groups (Moreno et al., 2011).

. Conclusions

The 2010 Chilean earthquake was one of the strongest in his-
ory, and caused devastation throughout the country. Even though
antiago is over 500 kilometers from the area that experienced the
ost extreme shaking, we found a negative relationship between

reschool-aged children’s language outcomes and their exposure
o the earthquake. This study contributes to the small but grow-
ng body of research documenting that, contrary to prior belief,
oung children may  suffer consequences from the trauma of a nat-
ral disaster. Understanding how natural disasters impact young
hildren and developing ways to support them in the aftermath,
nderson (2005) argues, should be at the top of the disaster
esearch agenda. Indeed, the results of this study, in tandem with
xtant research, suggest that addressing the needs of children’s
aregivers, expanding relief efforts, and taking a holistic approach
o child development may  be effective strategies to successfully
upport children and families in post-disaster settings. However,
urther research is still necessary to understand how these and
ther strategies can serve to encourage healthy child development
n the midst of environmental stress.
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