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Six percent of the preschool-aged children 
enrolled in early childhood education programs 
in the 2013–2014 school year received special 
education services for a diagnosed disability, 
approximately 90% of whom were served in 
public programs (Brault, 2011; Chaudry & Datta, 
2017; National Center for Education Statistics 
[NCES], 2016b). Some of these children enter 
school with a diagnosis while others, particularly 
those with disabilities tied to academic function-
ing, are referred for evaluation by their educators 
(Hebbler & Spiker, 2016). To date, more than 80 
rigorous studies have examined the effect of pre-
school on typically developing children’s kinder-
garten readiness, but only three have examined 
the effects of preschool on young children with 
special needs (Duncan & Magnuson, 2013). Due 
to this paucity of evidence and the policy goals of 
early intervention and diagnosis for children with 
disabilities, two different groups of early child-
hood experts recently emphasized the critical 
need for more studies that estimate the causal 
effects of preschool on children with special 

needs (Phillips, Johnson, & Weiland, 2017; 
Yoshikawa et al., 2013).

To inform the field’s increasing focus on this 
group, we revisit data from one of the three stud-
ies to date that has estimated the impacts of pub-
lic preschool on young children with special 
needs—the Head Start Impact Study (HSIS). We 
do so to draw attention to two previously over-
looked issues in this area of research that should 
be taken into consideration in designing future 
studies—when special needs status should be 
collected for valid causal inference and how spe-
cial needs should be defined. Like many early 
childhood program evaluations, the HSIS mea-
sured special needs after children were assigned 
to a study condition and used only one of several 
potential indicators of disability to determine 
special needs status.

The Head Start program, a federal early child-
hood health and education intervention for low-
income children, is an ideal context in which to 
study these questions because of its strong 
emphasis on serving children with special needs 
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and its well-established early screening and diag-
nosis procedures (Cooke, 1965; Zigler & 
Meunchow, 1992). At least 10% of center seats 
must be reserved for children with special needs, 
and Head Start centers are required to engage in 
recruitment activities to locate children with dis-
abilities (Office of Child Development, 1975). 
Furthermore, Head Start evaluates all enrollees 
within 45 days of enrollment using health and 
developmental screenings, much like the major-
ity of state-funded public preschool programs 
(Head Start Bureau, 2015; National Institute for 
Early Education Research, 2017). Conducting 
developmental screenings before children enter 
formal school settings generally is logistically 
challenging and early childhood programs such 
as Head Start play an important role in the early 
identification of disabilities. For these reasons, 
post-random assignment collection of special 
needs status is likely to be particularly problem-
atic in this study context and also may character-
ize future public preschool program evaluations.

We find evidence that when the HSIS mea-
sured baseline special needs status—post- 
random assignment and several months into the 
beginning of the program—resulted in imbal-
anced treatment and control special needs sub-
groups that likely biased the estimated effects of 
the program for this group. We also find that how 
the special needs subgroup is defined matters. 
Whereas the original study used a single question 
from the parent survey to define special needs, 
we use multiple questions from the survey to 
construct three measures of special needs status 
that encompass a range of students, including 
those likely to be receiving services for a diag-
nosed disability and those who may not be offi-
cially diagnosed. We find suggestive evidence 
that the impact estimates on measures of literacy, 
language, numeracy, and externalizing behaviors 
are sensitive to which measure we use to define 
the subgroup.

Our findings have implications for the design 
of future research studies on the effects of pre-
school on young children with special needs and 
can be used to inform the analytic decisions 
required to generate internally valid, interpreta-
ble evidence for this understudied group of stu-
dents. Our findings serve as an illustrative case 
study that may be more broadly useful to evalua-
tions that measure the effects of educational 

interventions on other important student sub-
groups that are commonly defined by time- 
variant and/or schooling-dependent factors (such 
as English Language Learners). As more studies 
estimate heterogeneous program impacts for 
groups defined by malleable characteristics, 
careful consideration of when and how to mea-
sure subgroup membership is warranted.

The “When” and “How” of Special Needs 
Measurement in the Early Childhood 

Literature

The question of when to measure special needs 
status presents a substantial challenge in studies 
of preschool, particularly as it relates to the inter-
nal validity of special education subgroup1 esti-
mates. To make causal inferences about program 
effects for a subgroup, the characteristics that 
could be influenced by treatment status must be 
measured prior to random assignment, ensuring 
that subgroup membership is exogenous to treat-
ment status (Murnane & Willett, 2010). Unlike 
time-invariant characteristics, such as race or eth-
nicity, often used to examine heterogeneous treat-
ment effects, special education status is both 
time-variant and dependent on schooling experi-
ences. For this reason, it might be particularly 
important that special needs status is measured 
prior to treatment assignment.

Logistically, however, preassignment measure-
ment of a school-related characteristic is a chal-
lenge for this age group. For one, preschool is often 
the first nonfamily care setting for young children, 
so administrative records that can be used in stud-
ies of older children to define preintervention spe-
cial needs status may not be available. Furthermore, 
special education determination can take up to 120 
days from referral and requires a team of profes-
sionals to evaluate a variety of data sources, many 
of which are collected in an academic setting 
(Individuals With Disabilities in Education Act 
[IDEA], 2004a). The relatively long timeline for 
special needs diagnosis and the likelihood that 
entry to preschool is the first opportunity for diag-
nosis for many students introduces two competing 
considerations. On one hand, an adequate preas-
signment measure of special needs status will be 
difficult to generate without ensuring that all par-
ticipants have had time to be referred and evalu-
ated for services. On the other hand, waiting for 
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this period to pass before measuring special needs 
status may threaten the internal validity of the sub-
group estimates if assignment to treatment (i.e., 
preschool) is likely to increase, in the short term, 
the likelihood of special education screening and 
diagnosis.

The challenge of when to measure special 
needs status also has implications for the external 
validity of produced subgroup estimates. Given 
the relatively long timeline for disability diagno-
sis, measures of special needs that use beginning 
of the year records of Individualized Education 
Plans (IEPs) are likely to underrepresent the pop-
ulation of students who will ultimately receive 
special education services during their preschool 
year. The earlier that special needs status is mea-
sured, the more likely it is that the special needs 
subgroup will represent students with earlier 
access to formal diagnoses prior to preschool 
who may be more advantaged (Bassok, Finch, 
Lee, Reardon, & Waldfogel, 2016) or students 
with physical or more severe disabilities that 
were identified prior to exposure to academic 
environments. Given that 75% of children receiv-
ing services in preschool are diagnosed with 
either speech/language impairment or develop-
mental delay, which may not be detected until 
children spend some time in a preschool class-
room, earlier measurement would generate esti-
mates that may not be generalizable to the 
majority of the special education preschool pop-
ulation (National Center for Special Education 
Research [NCSER], 2006).

There are also external validity implications 
for how special needs are measured. How the 
group is defined will determine to whom a given 
study’s special education subgroup estimates are 
likely to generalize, which is of particular impor-
tance when estimating effects for such a develop-
mentally diverse group of students. Special 
education identification in a research study can be 
accomplished through the use of administrative 
records, parent surveys, and teacher reports, all of 
which have benefits and drawbacks. Most typi-
cally in recent evaluations, IEP status has been 
used to determine which students have special 
needs (Conyers, Reynolds, & Ou, 2003; Jenkins 
et al., 2006; Justice, Logan, Lin, & Kaderavek, 
2014; Lipsey, Hofer, Dong, Farran, & Bilbrey, 
2013; Muschkin, Ladd, & Dodge, 2015; Phillips, 
Gormely, & Anderson, 2016; Phillips & Meloy, 

2012; C. Ramey, Campbell, et al., 2000; S. 
Ramey, Ramey, et al., 2000; Ricciuti, St. Pierre, 
Lee, Parsad, & Rimdzius, 2004; Weiland, 2016).

Although using IEP records has the benefit of 
indicating which students are legally guaranteed 
to receive specialized services, there are several 
reasons that the students receiving services under 
IDEA might not represent the true population of 
students with a disability. State-by-state variation 
in both the overall number of children receiving 
special education services and their disability 
classifications from prekindergarten through 
high school suggests that there are important dif-
ferences in how schools, school districts, and 
states identify students with disabilities (Aron & 
Loprest, 2012; Hebbler & Spiker, 2016). In addi-
tion, there is a considerable body of literature 
that indicates that racial minority groups are 
either over- or underrepresented in special edu-
cation, depending on the analytic strategy used 
and the study setting (Artiles, 2003; Harry & 
Klingner, 2006; Morgan et al., 2015; Morrier & 
Gallagher, 2012; Oswald, Coutinho, Best, & 
Singh, 1999; Sullivan & Bal, 2013). Therefore, if 
we are interested in understanding the impact of 
preschool attendance for children with disabili-
ties, using IEP status will restrict us to the stu-
dents with a diagnosed disability, which may in 
turn be influenced by differential selection into 
or access to special needs services.

Other preschool evaluations have used parent 
and teacher reports instead of IEP status, asking 
parents and educators to identify students with 
“perceived need” or “with a disability” based on 
secondary reporting from health and other educa-
tional professionals (Lazar et al., 1982; Madden, 
O’Hara, & Levenstein, 1984; McCarton et al., 
1997; Morgan et al., 2015; Puma et al., 2005, 
2010, 2012; Seitz, Rosenbaum, & Apfel, 1985). 
Despite the potential for a more inclusive special 
needs definition using parent or teacher measures, 
this approach also introduces greater fuzziness to 
the measure and may not be comparable across 
contexts. For example, how a parent or teacher 
survey is worded, or how much secondary infor-
mation from health care professionals or addi-
tional caretakers the parent or teacher has access 
to when responding to the survey, could influence 
responses. To this point, in an analysis of the 
Special Education Elementary Longitudinal 
Study (SEELS), teacher and parent reports of 
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primary disability were incongruous, with parents 
more likely to report medical disabilities and 
teachers more likely to focus on academic dis-
abilities (Marder, 2009).

Notably, when and how special needs status 
was measured varies considerably across the 
three studies to date that have estimated the 
effects of preschool on children with special 
needs. The findings from these studies were 
promising, with positive impacts on literacy 
(Phillips & Meloy, 2012; Weiland, 2016), lan-
guage (Bloom & Weiland, 2015; Weiland, 2016), 
math, and executive function skills (Weiland, 
2016). The evaluations of public programs in 
Tulsa, Oklahoma, and Boston, Massachusetts, 
used a regression discontinuity design that 
required special needs to be measured, using 
administrative IEP records, at the end of kinder-
garten to ensure equal time for diagnosis in the 
treatment and control groups (Phillips & Meloy, 
2012; Weiland, 2016). A sensitivity analysis in 
the Boston study found that the students who 
entered preschool with a diagnosed disability 
were more likely to have more severe disability 
classifications, which could explain why the 
Boston program appeared to benefit these chil-
dren more than children diagnosed by the end of 
kindergarten (Weiland, 2016). The HSIS, which 
was a randomized control trial, used questions 
from a parent survey about disability taken in the 
fall of the first year of preschool (Bloom & 
Weiland, 2015; Puma et al., 2010).

Prior research in other areas of education 
shows that how a subgroup is defined can be 
nontrivial, particularly when there are multiple 
measures with strong theoretical reasons for 
being valid indicators of the characteristic of 
interest. For example, a re-analysis of a New 
York City voucher experiment found that the 
impact estimates for African American students 
were not robust to how race was defined, with 
the estimated effects sensitive to which parent’s 
race was used to construct the subgroup 
(Krueger & Zhu, 2004). Similarly, a recent 
paper examining how income is usually mea-
sured in the education literature finds that that 
the relationship between income and standard-
ized test scores varies with how the free and 
reduced price lunch variable is used as a proxy 
for socioeconomic status (Michelmore & 
Dynarski, 2017).

Current Study

Given the lack of consensus around special 
education measurement in the early childhood 
program evaluation literature, we use data from 
the HSIS as a case study to explicitly study the 
policy and empirical implications of the when 
and how of special needs measurement in the 
preschool period, with the goal of informing 
these decisions in future studies. Specifically, we 
address two research questions:

Research Question 1: Did the post-random 
assignment timing of the baseline survey in 
the HSIS likely bias the estimates of the 
effects of Head Start for children with spe-
cial needs? (when)

Research Question 2: Are the estimated 
effects of Head Start sensitive to how spe-
cial needs is defined at baseline? (how)

Method

Sample

Study children were part of the HSIS, the first 
nationally representative impact study of the 
Head Start program, conducted between 2002 
and 2008. The HSIS was conducted with a 
nationally representative sample of oversub-
scribed centers for which there was greater 
demand for seats than were available (~85% of 
all Head Start centers), and did not include tribal 
centers, programs serving migrant and seasonal 
farm workers, or Early Head Start centers (Puma 
et al., 2010). The present study uses the restricted-
use file, which excludes study centers in Puerto 
Rico, resulting in 4,440 children in 351 Head 
Start centers.

The HSIS followed two cohorts of Head Start 
applicants, 3-year-old applicants and 4-year-old 
applicants, from the start of their first program 
year through the end of third grade. Within each 
oversubscribed center, children who applied 
were randomly offered a seat in the program. 
Due to imperfect compliance to assigned condi-
tion, 81% of treatment children enrolled in Head 
Start, as did approximately 12% of the control 
group. In total, approximately 45% of control 
group reported enrollment in either Head Start or 
another center-based program by the spring of 
the first intervention year. Therefore, the HSIS 
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estimates the impact of attending Head Start 
against a variety of counterfactual conditions, 
including home care, private early childhood 
centers, and public preschool programs (Puma 
et al., 2010). Given our aims in the present study, 
we estimate only intent-to-treat (ITT) effects, 
meaning our estimates should be interpreted as 
the effect of an offer to attend Head Start.

Our sample selection process is summarized 
in Figure 1. For the when analysis (RQ1), we 
restricted the analysis to participants with base-
line parent interview data, resulting in an over-
all sample of 3,577 students in 345 centers, or 
80% of the original HSIS sample (Box B-1, 
Figure 1). On baseline demographic character-
istics and baseline measures of our outcomes of 
interests, the when analytic sample is nearly 
identical to the original HSIS sample (see col-
umn B, Appendix A in the online version of the 
journal). For the how analysis (RQ2), we lim-
ited our analytic sample to students with com-
plete baseline and follow-up measures at the 
end of the first Head Start year, the spring of 
first grade, and the spring of third grade (Box 
C, Figure 1) to allow us to better compare the 
sensitivity of the estimates across time by using 
the same sample across periods. We relaxed 
this restriction by conducting analyses sepa-
rately at each time point for all students with 
outcome data and found the results were not 
meaningfully different (results available upon 
request).

Finally, we limited the how analysis to Head 
Start centers in which there was at least one stu-
dent with and without a baseline need in both the 
treatment and control conditions (Box D, Figure 
1). While restricting the analysis to complete ran-
domization blocks limits the external validity of 
our analysis, we cannot compare treatment and 
control students with and without special needs 
unless there was at least one of each at baseline in 
a given center. Overall, the subgroup effects in 
the how analysis are estimated using approxi-
mately 55% HSIS participants within slightly 
less than three fourths of the centers in the origi-
nal study (Box 2, 3, 4, 5, Figure 1). Like the when 
sample, the how samples are nearly identical to 
the original sample on observable baseline char-
acteristics (see columns C–F in Appendix A in 
the online version of the journal).

Procedures

We use baseline data from direct child assess-
ments and parent interviews conducted in the fall 
of the first program year, and outcome data from 
child assessments and parent interviews col-
lected in the spring of the first program year, the 
spring of first grade, and the spring of third grade. 
Trained assessors administered the direct child 
assessments one-on-one either in the child’s 
main care setting or in the child’s home in the 
preschool years, and in the home for the first- and 
third-grade follow-ups. At baseline, children 
were assessed in the child’s primary language 
when possible. All outcome data were collected 
using the English assessment battery.

Parent interviews were conducted in October 
(~35% of the sample), November (~35%), or 
between January and February (~20%) of the 
first program year with the parent or primary 
caregiver. Notably, when the interview was 
conducted was not randomly determined by the 
researchers; later respondents were those who 
required follow-up after first contact (Puma 
et al., 2005). The interview was conducted in 
the child’s home in either English or the lan-
guage the parent was most comfortable speak-
ing if possible and included questions about 
child and parent physical and mental health, 
child and parent educational experiences, and 
home experiences. The questions about student 
disability and IEP status used in the current 
study to determine special education status 
were taken from these parent interviews (Puma 
et al., 2005).

Measures

For the how analysis (RQ2), we estimated 
effects of Head Start assignment on four outcome 
measures of children’s early literacy, language, 
numeracy, and socioemotional development. The 
first, the Peabody Picture Vocabulary Test–III 
(PPVT) is a measure of receptive vocabulary in 
which children identify which picture represents 
a given word (Dunn & Dunn, 1997). The PPVT 
is a nationally normed measure that has been 
used widely in early childhood program evalua-
tions, and has strong split-half and test–retest 
reliability (Dunn & Dunn, 1997). The HSIS used 
a shortened item response theory (IRT)–scored 
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version of the PPVT, which we likewise use in 
our analyses.

The second and third measures are taken from 
subscales of the Woodcock–Johnson III assess-
ment. The Woodcock–Johnson III is also widely 
used and nationally normed. The Letter–Word 
Identification subscale (α = .96) asks children to 
identify and read individual letters and words 
fluently. The Applied Problems subscale (α = 
.90) is a measure of early numeracy that requires 
children to solve arithmetic problems using sim-
ple calculations (Woodcock, McGrew, & Mather, 
2001). We use the W scores (i.e., IRT-scored) 
from both subscales in our analyses.

The fourth measure is a measure of external-
izing behavior using seven parent survey ques-
tions on the Child Behavior Checklist, which  
is commonly used to assess early childhood 

socioemotional development (Duncan et al., 
2007; Raver et al., 2009). Parents were asked 
whether it was “very true,” “true,” or “not true” 
that their child displayed each of seven behav-
iors: temper tantrums, difficulty paying atten-
tion, restlessness, difficulty getting along with 
other children, fighting with other children, ner-
vousness, and disobedience at home. Following 
the method used by Bloom and Weiland (2015), 
we generated a composite externalizing measure 
(α = .71) for all students with answers to at least 
five of the seven questions. Scores on the mea-
sure range from 0 to 2. Children with composite 
scores closer to 2 had more “very true” or “true” 
answers to the questions than did students with 
scores closer to 0. For this reason, negative dif-
ferences over time on this measure indicate a 
“positive” outcome.

FIGURE 1. Sample selection.
Note. HSIS = Head Start Impact Study; HS = Head Start; PPVT = Peabody Picture Vocabulary Test–III; WJIII-AP = Wood-
cock–Johnson III applied problems; WJIII-LW = Woodcock–Johnson III letter–word; N = participants; C = centers.
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Covariates. Using baseline data collected 
through the parent interview, we used a set of 
child and parent demographic characteristics fol-
lowing the original study team (Puma et al., 2010) 
and Bloom and Weiland (2015). The child charac-
teristics are binary indicators of gender, race/eth-
nicity (Black, Hispanic, and White), whether the 
child speaks English at home, and whether  
the child is living with both biological parents. 
The parent characteristics are mother’s age in 
years, binary indicators of educational attainment 
(less than high school, high school), mother’s 
race/ethnicity, marital status, and an indicator of 
whether the mother was a teenager when she gave 
birth to the participant. We also include a measure 
of the child’s age at the time the outcome measure 
was taken, baseline assessment scores for the out-
come of interest, and a measure of the number of 
weeks elapsed between September 1, 2002, and 
the baseline assessment. We use multiple imputa-
tion (with 100 imputations) to address missing-
ness in baseline covariates, which ranges from 
0.2% and 5% depending on the covariate and ana-
lytic sample (Graham, 2009).

Special Needs Subgroup Construction

Using the full HSIS sample, we constructed 
three measures of baseline special education status 
using questions from the parent survey conducted 
in the fall of the first year of the HSIS. All three 
measures were parent reported, which is consistent 
with similar measures taken in the national Early 
Childhood Longitudinal Study–Birth Cohort 
(ECLS-B) and Pre-Elementary Education 
Longitudinal Study (PEELS) surveys (National 
Center for Education Statistics [NCES], 2018; 
National Center for Special Education Research 
[NCSER], 2006). In the first question, parents were 
asked to report whether a doctor, health profes-
sional, or education professional had ever informed 
them that their child had any special needs or dis-
abilities. This is the question that was used by the 
original HSIS team to define special needs. In a sec-
ond follow-up question, parents were asked whether 
said professional had told them their child had any 
of 13 specific disabilities. Finally, parents were 
asked whether their child had an IEP or Individual 
Family Service Plan (IFSP) in place (see Appendix 
B in the online version of the journal for the text of 
the survey questions from the original study). 
Importantly, the IEP measure is a measure of 

parents reporting that a child has an IEP in place, 
not a measure of which students had an IEP in place 
as determined by administrative records.

The affirmative respondents to each of these 
three questions are neither the same children, nor 
subsets of the same group of children. While 
almost all those who responded “yes” to the doc-
tor report also reported a disability classification, 
only 25% of doctor report “yes” respondents also 
reported having an IEP. And only 61% of the 
respondents who answered “yes” to having an 
IEP also answered “yes” to the doctor report. 
Although it is not clear whether these discrepan-
cies are a function of reporting error or represen-
tative of true differences in incidence, the 
imperfect overlap across the questions suggests 
that affirmative answers to the three questions 
might capture different populations of students.

For this reason, we used the parent interview 
questions described above to construct three 
binary measures of special needs status at base-
line. The first indicator, “doctor report,” is the 
same definition used in the original HSIS and is 
set to one if the parent answered “yes” to the doc-
tor or health professional report (Puma et al., 
2010). The second measure, “IEP,” is set to one if 
the parent answered “yes” to their child having 
an IEP or IFSP. The third measure, “any of the 
above,” is set to one if the parent answered affir-
matively to the doctor report, the specific disabil-
ity question, or the IEP question to account for 
the broadest possible population of students with 
a disability. Given that the disability-specific 
report was intended to be a follow-up to the doc-
tor report, we did not use the disability report 
independently as a special needs definition in our 
analyses. If respondents either refused to answer 
or answered “I don’t know,” we marked them as 
missing in subsequent analyses. As a result, four 
respondents who otherwise answered the parent 
interview questions were set to missing for the 
baseline IEP report. Across all analytic “how” 
samples, the “all of the above” measure includes 
the largest number of students (N = 370–536) 
and the IEP measure includes the smallest num-
ber of students (N = 87–115; see Appendix C in 
the online version of the journal).

Data Analytic Plan

To answer our first research question assess-
ing the implications of when the baseline survey 
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in the HSIS was conducted, we compare within-
center baseline means for each of our three spe-
cial education measures in the treatment and 
control groups using the following specification:

Yij ij j ij= + ( ) + +θ θ ε0 1 HS δδ ,  (1)

where Yij  is an indicator of special needs at base-
line for student i in center j for the relevant spe-
cial needs definition; HSij  is the treatment 
indicator, set to 1 if student i was assigned an 
offer to attend Head Start center j and 0 other-
wise; δδ j  is a vector of center fixed effects; and 
εij  is the student-level error term.

To address our second question—whether the 
estimated effects of Head Start are sensitive to 
how special needs status is defined—we esti-
mated an ITT effect of being assigned to attend 
Head Start for each of our three special education 
subgroups on measures of early language, 
numeracy, and socioemotional outcomes taken at 
the end of the first Head Start year, the end of 
first grade, and the end of third grade. To do so, 
we use the following linear regression model:

Yij ij ij j ij= + ( ) + + +β β γ δ ε0 1 HS ,  (2)

where Yij  is the relevant outcome for student i in 
center j; HSij  is the treatment indicator, set to 1 
if student i was assigned an offer to attend Head 
Start center j and 0 otherwise; γγij  is vector of 
student and family baseline characteristics; δδ j  is 
a vector of center fixed effects; and εij  is the 
student-level error term. The coefficient β1  rep-
resents the ITT effect of Head Start assignment 
on outcome Y .

Differences Between Our Approach and the 
Original Study

The current study differs from the original 
HSIS team’s work in several ways. First, we pool 
the two cohorts (e.g., 3-year-olds and 4-year-olds) 
of students, rather than analyzing the cohorts sep-
arately. We do this because participants were ran-
domized at the center level without regard to age 
cohort and because 43% of the centers served 
both groups of children, with most children 
enrolled in mixed-aged classrooms (Bloom & 
Weiland, 2015). To account for the 3-year-old 
cohort experiencing up to 2 years of Head Start 

compared with up to 1 year for the 4-year-old 
cohort, we use outcomes measured at the end of 
the first Head Start year, the end of first grade, 
and the end of third grade. As the sample size for 
the special education subgroup is already very 
small, analyzing the two cohorts together 
improves our power to detect statistically signifi-
cant differences between treatment and control 
students. Furthermore, the two cohorts did not 
differ in composition by special needs measures 
or by disability profile (see Appendix D in the 
online version of the journal).

Second, we do not use the HSIS sampling 
weights in our analyses. In the original HSIS 
study, the weights were used to make the study 
sample representative of the national population 
of newly entering Head Start children in 2002 
(Puma et al., 2010). The weights were constructed 
separately for the 3- and 4-year-old cohorts at 
each collection point. Because we combine 
cohorts and restrict our sample to children with 
outcome data at all follow-up collections, the 
original weights are not clearly transferrable to 
our analytic samples and are not easily recreated 
with a limited re-analysis sample. Although we 
cannot directly examine whether our estimates 
would change with the inclusion of similarly con-
structed child weights, we find that removing the 
weights from the original study models does not 
greatly impact the magnitude of the impact esti-
mates (results available upon request). However, 
the weights do increase the standard errors of the 
estimates, reducing the likelihood of detecting 
statistically significant results (Bloom & Weiland, 
2015). Therefore, we interpret the statistical sig-
nificance testing of our results with caution. 
Finally, we use multiple imputation to address 
missing baseline data on covariates other than 
special needs, whereas the HSIS team used hot 
deck imputation.

Findings

When Analysis

As the means in Table 1 demonstrate, the 
treatment group is three to four percentage points 
more likely to have a special need at baseline 
across our three definitions (p < .05), which 
indicates that there may be a substantial threat to 
the internal validity of special education sub-
group analyses that arises from measuring 
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special needs after treatment has begun. Notably, 
the treatment and control group are largely bal-
anced on other baseline characteristics (see 
Appendix E in the online version of the journal); 
accordingly, the special education imbalance is 
likely not a function of random assignment but of 
post-assignment timing on defining a time- 
varying characteristic.

More concerning than the special education 
imbalance, there is considerable differential 
missingness in the special education variables as 
a result of who responded to the baseline parent 
survey in the fall of 2002, with treatment group 
members 11 percentage points less likely (15%) 
to be missing baseline parent interview data than 
the control group (26%). Taken with the overall 
missingness rate on the parent interview mea-
sures (~20% missing in the full HSIS sample), 
the magnitude of missingness between treatment 
and control (SD = 0.27) falls in the “unaccept-
able” category of differential attrition levels set 
by the What Works Clearinghouse, indicating 
potential for bias (2017).

Differential missingness in parent survey 
responses could have important implications for 
our estimates, particularly if families in the con-
trol group with less access to formal care were 
also less likely to respond to the parent interview. 
If this were the case, students in the control group 
would be underidentified for special education at 
baseline. Should this underidentification be cor-
related with other student or parent characteris-
tics, we would be particularly concerned that the 
differential missingness coupled with the timing-
induced imbalance might bias any special educa-
tion subgroup estimates.

Extending the “when” findings. To better under-
stand our when findings, we explored whether 
the fall imbalance between treatment and control 
groups reflected treated students having greater 
access to diagnosis than control students in  
the months between random assignment and the 
baseline survey. Accordingly, we reanalyzed the 
treatment and control balance in three ways. 
First, we compared the fall rates of special edu-
cation using the “any of the above” definition, 
comparing treatment and control students who 
were enrolled in either a Head Start center or 
another center-based program at the fall collec-
tion period, which we refer to as “formal care,” 

and then comparing treatment and control stu-
dents in “informal care,” which includes both 
family day care and children who stayed at home 
with a family member.

If the imbalance was generated through an 
access-to-diagnosis mechanism, we would expect 
that children in the treatment and control condi-
tions enrolled in formal care would have similar 
baseline special education rates. From column 3 
of the fall panel in Table 2, the overall difference 
in baseline special education status between treat-
ment and control groups is approximately 4.07 
percentage points (p < .01). However, when 
these differences are estimated separately by fall 
care setting in columns 4 and 5, the estimates are 
no longer statistically significant but the imbal-
ance appears to be concentrated in the informal 
care setting (3.82 compared with 1.62 percentage 
points), lending support to an access-to-diagnosis 
effect in our when analysis.

Alternatively, we might expect that access to 
diagnosis would lead to differing rates of special 
education status only among children with dis-
abilities most commonly diagnosed in educa-
tional settings. Some disabilities, including those 
disabilities most common in preschool, are more 
likely to be diagnosed when children begin school 
because these disabilities are closely tied to aca-
demic functioning (Markowitz et al., 2006). 
Students with these types of disabilities, which 
we refer to as “higher incidence” disabilities, are 
those whose parents reported “speech and/or lan-
guage impairment,” “developmental delay,” 
“emotional disturbance,” and “other disability/
impairment.” Other disabilities, such as physical 
impairments and severe cognitive disabilities, 
may be more likely to be diagnosed before enter-
ing the academic environment. Students included 
in this category, which we refer to as “physical/
severe” disabilities, are those students who 
reported “orthopedic impairment,” “visual 
impairment,” “hearing impairment,” “mental 
retardation (now intellectual disability),” “trau-
matic brain injury,” and “autism.” If access to 
diagnosis explains the fall imbalance, we would 
expect higher rates of differential special educa-
tion diagnosis in the higher incidence category 
than in the physical/severe category.

To explore this hypothesis, in our second 
extension approach, we compared baseline 
equivalence in special needs status after splitting 
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the group with reported disabilities in the fall into 
higher incidence and physical/severe disability 
categories. Looking at the physical/severe and 
higher incidence rows of the fall column of Table 
2, several patterns support our hypothesis. First, 
the imbalance in all care settings appears to be 
concentrated in the higher incidence disability 
group (2.44 percentage points, p < .05, com-
pared with 0.71 percentage points in physical/
severe disability). Also, for the higher incidence 
disability group, the imbalance between treat-
ment and control is larger in magnitude for the 
informal care setting group than for the formal 
care group, although not substantially so.

If likelihood of diagnosis is impacted by a 
child’s access to formal early learning environ-
ments but diagnosis may be delayed for several 
months, then we might expect that any differ-
ences between treatment and control students 
found in the fall would be larger in magnitude in 
the spring. Following this logic, in our third 
extension approach, we examined the rate of spe-
cial education definition in the treatment and 
control centers by care type and by disability 
type using the spring 2003 follow-up parent sur-
vey. Interestingly, in the spring column of Table 
2, we see that while the overall imbalance 
between treatment and control decreases slightly 
in magnitude at the spring collection period (3.56 
percentage points compared with 4.07 in the 
fall), the difference in higher incidence disability 
classification rates in the spring is highly concen-
trated in the informal care setting and is now 

marginally significant (4.73 percentage points, p 
< .06). Given that reported disabilities changed 
between the fall and spring collection period, and 
the difficulty in determining why these changes 
occurred, we see the spring analysis as only sug-
gestively supporting the notion that greater time 
for diagnosis in formal care environments is a 
component of the treatment effect.

Finally, as an auxiliary to the three extension 
approaches, we separated our first two extension 
analyses by survey month, given that the parent 
interview was given over the course of several 
months after the program began (see Appendix F 
in the online version of the journal). We restricted 
the extension analysis sample to only those par-
ticipants who answered the fall survey in October 
and November, as these months would have fallen 
within the 120-day timeline for referral, evalua-
tion, and diagnosis. We find even larger differ-
ences in the fall and spring for all care (5.70 
percentage points, p < .001; 5.56, p < .001) that 
are particularly concentrated in the informal care 
setting. We also controlled for survey month 
using the original extension sample and found 
slightly attenuated differences, although the pat-
terns remain (see row 3 in Appendix F in the 
online version of the journal). As sample sizes 
were too small with these further restrictions, we 
did not conduct these survey month analyses 
within disability groups. The results of these anal-
yses further suggest that the timing of the baseline 
survey impacted baseline special needs rates; the 
treatment control imbalance was concentrated in 

TABLE 1

Difference in Baseline Special Education Rates in the Treatment and Control Groups for the When Sample

Treatment Control Difference ES

Doctor report 14.26 11.16 3.10* 0.10
 (1.17)  

IEP report  6.37  3.70 2.67* 0.14
 (0.77)  

All of the above 16.82 12.75 4.07* 0.12
 (1.24)  

Note. All models included center fixed effects. Standard errors are in parentheses. The treatment mean is the unadjusted mean and 
the control mean was calculated by subtracting the estimated difference in means from the treatment mean. Fifteen percent of the 
treatment group and 26% of the control group were missing baseline parent survey data, including the special education measures. 
All participants with baseline survey data (3,577, the “when” sample as denoted in Figure 1) answered the question about doctor 
report. Of this sample of 3,577, four were missing an answer on the IEP report and three were missing answers on at least two of the 
questions and were not included in the “all of the above” measure. IEP = Individualized Education Plan; ES = effect size.
†p < .10. *p < .05. **p < .01. ***p < .001.
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the earlier survey respondents, when Head Start 
attenders were likely all screened.

Taken together, this descriptive, exploratory 
extension of our when findings supports the 
notion that baseline imbalance between treat-
ment and control groups may have been a result 
of the timing of the baseline survey. By waiting 
to take pretreatment measures until up to three 
months into first program year, the treatment 
group had greater access to diagnosis, which 
appears to have been translated into greater 
reporting of special needs. This interpretation is 
supported by our extension analyses. This pre-
treatment imbalance threatens the internal valid-
ity of any subgroup estimates for children with 
special needs, particularly if we think that early 
diagnosis of a special need is part of the treat-
ment effect of early childhood programs.

How Analysis

To answer our second research question—
whether estimates are sensitive to how the special 
needs subgroup was defined—we first examined 

the balance in baseline demographic characteris-
tics within the three special education subgroups 
in each analytic sample. As shown in Table 3, 
while the detected differences are not statistically 
significant, we find that regardless of definition 
used, the treatment groups were more likely to be 
male (6–16 percentage points), more likely to 
have mothers with less than a high school degree 
(8–16 percentage points), and more likely to have 
teen mothers (7–9 percentage points). In addition 
to these common differences, within the IEP defi-
nition, the treatment group members were also 
less likely to live with both biological parents 
(–35 percentage points), more likely to have mar-
ried mothers (13 percentage points), and more 
likely to be Hispanic (six percentage points) than 
were the control group members.

Digging deeper into Table 3, we also assessed 
how the treatment and control groups compare 
with one another across definitions to better 
understand how the three measures might be cap-
turing different groups of students within the treat-
ment and control groups (see Appendix G in the 
online version of the journal also for differences in 

TABLE 2

Extending the When Findings—Rates of Special Needs Identification by Disability Type and Focal Care 
Arrangement in the Fall and Spring of the First Head Start Year

Fall Spring

 All care Formal Informal All care Formal Informal

All disabilities
 Treat 16.32 16.62 12.74 15.44 15.68 13.30
 Control 12.25 15.00 8.92 11.88 15.56 9.53
 Diff 4.07** 1.62 3.82 3.56** 0.12 3.78

(1.23) (1.87) (1.46) (1.19) (1.74) (2.86)
 Physical/severe
  Treat 2.35 2.35 2.55 1.77 1.72 <0.01
  Control 1.64 2.76 0.90 1.63 1.76 1.53
  Diff 0.71 −0.41 1.65 0.14 0.04 −1.62

(0.51) (0.78) (1.36) (0.45) (0.65) (1.14)
 Higher incidence
  Treat 11.39 11.58 8.92 10.57 10.55 10.73
  Control 8.95 10.11 6.88 8.91 11.78 6.00
  Diff 2.44* 1.47 2.04 1.66 −1.23 4.73†

(1.07) (1.61) (3.05) (1.02) (1.48) (2.53)

Note. Standard errors are in the parentheses. All models include center fixed effects. Treatments means are unadjusted and 
control means are calculated by subtracting the center-adjusted difference from the unadjusted treatment mean. We were under-
powered to test whether the differences between care setting and disability type estimates were statistically significantly different 
from each other.
†p < .10. *p < .05. **p < .01. ***p < .001.
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baseline covariate means for the treatment and 
control groups, first comparing the doctor and all 
of the above groups [column A], then the doctor 
and IEP groups [column B], and finally the all of 
the above and IEP groups [column C]). Overall, 
we find that the IEP sample treatment and control 
groups differ from the doctor and all of the above 
treatment and control groups in a number of ways. 
Notably, these differences are particularly pro-
nounced in the control group comparisons, sug-
gesting that the IEP analytic sample captures a 
different treatment and control contrast compared 
with the other two measures.

Demographically, both IEP treatment and 
control groups were more likely to be Hispanic 
and less likely to be Black when compared with 
their doctor and all of the above counterparts. 
Interestingly, the treatment group was less likely 

to be male and the control group was more likely 
to be male using the IEP definition. The IEP 
treatment and control groups were also less likely 
to live with both biological parents and had 
mothers with lower educational attainment. Both 
of these descriptive analyses indicate that how 
the subgroup is defined not only changes which 
participants are considered to have a disability, 
but also changes the composition of the subgroup 
on other characteristics.

Keeping these underlying subgroup differ-
ences across definitions in mind, Figure 2 sum-
marizes the estimated effects of being assigned 
the opportunity to attend Head Start across out-
comes and over time for each special education 
subgroup (see Appendix H in the online version 
of the journal for the point estimates for each 
subgroup reflected in the figure). Although only 

FIGURE 2. Estimated subgroup effects of Head Start on receptive vocabulary, early reading, early numeracy, 
and externalizing behaviors at the end of the first year of Head Start, end of first grade, and end of third grade 
for three special education subgroups.
Note. Standard errors in parentheses. Missing covariates are imputed using multiple imputation. Models include center fixed 
effects and covariates (child’s race, child’s gender, mother’s race, mother’s marital status, mother’s education, an indicator for 
whether the child lives with both biological parents, an indicator for whether the child’s mother was a teen mother, age of child 
at time of outcome measurement, corresponding baseline scores for the outcome of interest, and the number of weeks between 
September 1, 2002, and the fall assessment). Effect sizes are calculated by dividing the point estimate by the standard deviation 
of the control mean for the full sample. PPVT = Peabody Picture Vocabulary Test–III; WJIII-AP = Woodcock–Johnson III 
applied problems; WJIII-LW = Woodcock–Johnson III letter–word.
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a few of the estimated effects are statistically sig-
nificant—for example, end of Head Start year 
effects on language for the “doctor report” (SD = 
0.33, p < .01) and “all of the above” (SD = 0.28, 
p < .01) subgroups; first grade effects on numer-
acy (SD = 0.92, p < .05) for the “IEP” sub-
group—we find a consistent pattern across our 
results suggesting that how the subgroup is 
defined changes the interpretation of the find-
ings. First, there are consistently larger and posi-
tive (SD = 0.31–0.92) ITT effects for the IEP 
definition across the cognitive outcomes with the 
exception of third-grade receptive vocabulary 
(SD = −0.09), and a pattern of diminishing 
effects that become negative by third grade on 
externalizing behaviors. In contrast, using the 
doctor report and all of the above definitions, 
there are smaller effects that fade over time on 
language (SD = 0.33 to −0.09), smaller but con-
sistently positive effects on literacy and numer-
acy (SD = 0.01–0.15 to 0.10–0.27, respectively), 
and smaller but consistently positive effects on 
externalizing behaviors (SD = −0.25 to −0.04) 
that diminish in magnitude over time.

Overall, our results suggest that the IEP defi-
nition may capture students who may have ben-
efited more from being assigned to Head Start, as 
demonstrated by the consistently larger estimate 
treatment effects across outcome and time point, 
while the doctor report and all of the above defi-
nitions produce subgroup estimates of relatively 
smaller magnitudes. However, the IEP estimates 
are also the least precisely estimated, and are not 
statistically significantly different from those 
estimates when using the other two definitions in 
most cases. Coupled with the findings in Table 3, 
however, we see the divergent pattern of results 
as indicative that the IEP definition captures a 
group of students who may have benefited from 
the program differently.

The pattern of findings within subgroup defi-
nition leads to substantively different conclu-
sions about the long-term effects of the program. 
Were the special needs subgroup to be defined 
using IEP report, one might conclude that there is 
suggestive evidence of large positive effects that 
persist over time on cognitive measures but not 
on socioemotional outcomes. On the contrary, 
were the special needs subgroup to be defined 
using one of the two broader definitions, one 
might conclude the benefit of being assigned to 

Head Start, while still positive, is smaller overall, 
fades out over time for language, and becomes 
stronger over time for prosocial behaviors. We 
see this analysis, therefore, as suggestive evi-
dence that how the estimated effect of the pro-
gram is sensitive to how the special needs 
subgroup is defined.

Discussion

More than 2.5 million preschool-aged children 
are diagnosed with a disability and receive special 
education services in public preschool programs, 
but few studies have examined the causal effects 
of early childhood education for these students 
(National Center for Special Education Research, 
2006). Of the studies that have estimated effects 
for students with special needs, the findings are 
promising, although the approaches to measuring 
special needs status have varied (Phillips & 
Meloy, 2012; Puma et al., 2010; Weiland, 2016). 
In the present study, we used data from the HSIS 
to explore the internal and external validity impli-
cations of when baseline special needs are mea-
sured and how the subgroup is defined. By 
examining how the timing of the measurement 
impacts the characteristics of the special needs 
subgroup, and how program impact estimates 
compare when using different special education 
definitions, we are able to make better conclu-
sions about what preschool impact estimates 
mean and for whom they are relevant. Given the 
important role that early childhood programs play 
in diagnosing disabilities and providing early 
intervention services to ameliorate the effects of 
learning and developmental delays, a better 
understanding of how to estimate program effects 
for this group of students is not only important 
from a methodological perspective but also criti-
cal for informing early childhood policy.

Our findings suggest that the composition of 
the special needs subgroup can change substan-
tially depending on when special needs is mea-
sured and what variables are used to construct the 
subgroup. First, we find evidence that post-
assignment measurement (when) generated 
imbalanced treatment and control special educa-
tion subgroups, threatening the internal validity 
of these estimates. Across special education sub-
group definitions, treatment students were three 
to four percentage points more likely to be 
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identified as having special needs at baseline. We 
found that this imbalance may have been gener-
ated by an access to diagnosis effect of treatment 
status, as evidenced by our exploratory analyses 
of baseline balance in which the treatment and 
control differences appear to be more concen-
trated among students who were diagnosed with 
higher incidence disabilities and who experi-
enced informal child care during the first pro-
gram year. Second, we also found that how 
matters; the estimated ITT effects of being 
assigned to Head Start are larger for the IEP-
defined special education subgroup than are the 
estimates using two broader definitions, includ-
ing the definition used by the original study. The 
consistent pattern across the outcomes and over 
time suggests that how the special needs group 
was constructed could lead to substantively dif-
ferent interpretations of the impact of Head Start 
for children with disabilities.

Taken together, our findings demonstrate that 
decisions around when and how to measure spe-
cial needs for the purpose of subgroup analyses 
in evaluations of preschool programs have impli-
cations for the internal validity and external 
validity of subgroup estimates. With regard to 
when to measure, identifying special needs prior 
to preschool entry is necessary for making causal 
inferences about a program’s effects, particularly 
if treatment status impacts the likelihood that a 
student will be identified as having special needs 
during the preschool year. Alternatively, priori-
tizing the internal validity of the estimates by 
measuring disability status prior to assignment 
introduces an external validity trade-off because 
the earlier the special needs are measured, the 
more likely the subgroup will be a narrower 
cross-section of the students for whom we are 
interested in estimating program effects. Given 
that the majority of preschool-aged children have 
academic-related disabilities, which are more 
likely to be diagnosed after exposure to formal 
education, this limitation to the external validity 
of the estimates is not a minor concern.

Researchers conducting experimental and 
quasi-experimental studies of future public pre-
school programs accordingly face a balancing act 
in estimating impacts for preschool children with 
special needs. Ultimately, we recommend that 
researchers be clear on which possible special 
needs subgroup they are interested in studying 

and that analytic decisions-related special educa-
tion measurement should be guided by the 
researcher’s hypotheses about why students 
identified under a particular definition at a given 
time point might experience preschool programs 
differentially. If, for example, we hypothesize 
heterogeneous effects for students who receive 
special education services for a disability in pre-
school, a definition that allows for adequate time 
for diagnosis and relies on IEP records might be 
more appropriate. On the contrary, if we are more 
interested in impacts for students at risk for later 
diagnosis, or students who are perceived to be 
developing differently than their peers, a more 
inclusive measure might be warranted. In addi-
tion, future studies should formally assess the 
impact of any measurement decisions, both in 
terms of describing the characteristics of students 
included in the subgroup with each definition 
and the sensitivity of subsequent impact esti-
mates. In so doing, researchers will be able to 
make more informed interpretation of their find-
ings and to whom they may apply.

Future studies might also consider approaches 
not yet used in the literature but that are likely 
feasible in field-based trials. For example, rather 
than relying on administrative records that 
reflect who has had access to diagnosis at base-
line, researchers might consider administering a 
consistent, research-validated screener for hear-
ing, vision, and developmental delay to all pro-
gram participants prior to random assignment. 
Researchers should also consider collecting and 
using referral and evaluation data from sources 
such as Child Find, an early identification pro-
gram mandated by Part B of IDEA and carried 
out by local school districts, which would 
include disability status determined prior to pre-
school entry (IDEA, 2004b).

There are several limitations to the current 
study related to sample size, analytic sample 
selection, available data, and differential miss-
ingness in the baseline special education vari-
ables. First, although the HSIS provides a 
larger-than-typical sample of students with dis-
abilities due to Head Start’s long-standing 
emphasis on serving young children with dis-
abilities, the special education subgroups are still 
small, particularly when using the IEP definition. 
The imprecision of the estimates for the special 
education subgroups limits our ability to detect 
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statistically significantly different effects, even 
when the magnitudes of the estimated effects are 
large. For this reason, in the measurement sensi-
tivity analysis, we focus on the pattern of the 
results for the special needs subgroups but do not 
make any substantive interpretations of the esti-
mates. We also do not interpret the differences 
between the special education and nonspecial 
education groups. Second, limiting our how anal-
ysis to Head Start centers to complete random-
ization blocks also limits the external validity of 
our analysis, and the comparability of the when 
and how analyses. However, baseline equiva-
lence tests from the full sample and our trimmed 
analytic samples indicate that this selection pro-
cess did not change the average observable char-
acteristics of the treatment and control groups.

We are also limited by having to rely on par-
ent reports to determine IEP status rather than 
administrative records. Although this approach is 
common in national data collections such as 
ECLS-B and PEELS, many current studies use 
administrative records. Future work comparing 
parent reports of IEPs with administrative records 
would shed light on the reliability of parent 
reports to collect this information. Finally, our 
analysis is limited by the differential missingness 
between treatment and control groups on the par-
ent interview survey used to construct the base-
line special education measures, which suggest a 
potential for biased treatment effects generated 
by underreported diagnosis in the control group.

Despite these limitations, the present study 
adds to the field by highlighting largely over-
looked internal and external validity implications 
of special education measurement decisions in 
early childhood program evaluations. Rather 
than attempt to identify an ideal measure of base-
line special needs, this article presents evidence 
that these decisions matter both for which stu-
dents the special education subgroup includes 
and the magnitude of the estimates associated 
with the special education subgroup. In addition, 
the measurement decisions will impact how the 
estimates should be interpreted and to whom 
they will generalize. As future studies include 
subgroup estimates for children with special 
needs, considerable attention should be paid to 
aligning measurement decisions with hypotheses 
on how a program might be expected to produce 
different impacts for children with disabilities, 

and efforts should be made to test the sensitivity 
of special education subgroup estimates to these 
measurement decisions.
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