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a b s t r a c t
Data from the Head Start Impact Study (N = 3540) were used to test for differential beneﬁts of Head Start
after one program year and after kindergarten on pre-academic and behavior outcomes for children at risk
in the domains targeted by the program’s comprehensive services. Although random assignment to Head
Start produced positive treatment main effects on children’s pre-academic skills and behavior problems,
residualized growth models showed that random assignment to Head Start did not differentially beneﬁt
the pre-academic skills of children with risk factors targeted by the Head Start service model. The models
showed detrimental impacts of Head Start for maternal-reported behavior problems of high-risk children,
but slightly more positive impacts for teacher-reported behavior. Policy implications for Head Start are
discussed.
© 2015 Elsevier Inc. All rights reserved.

Since Head Start’s creation in 1965 as part of the War on Poverty,
its mission has been to improve the school readiness of low-income
children (Zigler & Styfco, 2010). According to the U.S. Department
of Health and Human Services (DHHS), school readiness means
that “children are ready for school, families are ready to support
their children’s learning, and schools are ready for children” (U.S.
DHHS, Head Start Approach to School Readiness, 2011). To encourage this goal, the Head Start program uses a “whole child” model,
which aims to promote children’s transition to school by enhancing their development through the provision of educational, health,
and nutritional services to children and families. Head Start also
engages parents in their children’s learning and helps parents with
their own educational, literacy, and employment goals with the
belief that these too are important in promoting children’s preparedness for school (U.S. DHHS, Final Report, 2010b).
Over the course of its nearly ﬁfty year history, Head Start has
evolved into a comprehensive service delivery program designed
to serve poor children at risk in the targeted domains of cognitive
development, socio-emotional development, health, and family
functioning (Zigler & Styfco, 2010). This “whole child” approach
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to school readiness offers multiple services to children and families with the expectation that the accurate targeting of services
to needs, and the positive synergy among the services and beneﬁts received, will act together to adequately prepare children for
kindergarten.
In the 1998 reauthorization of Head Start, Congress mandated
that the U.S. DHHS determine whether the program contributed to
key outcomes in children’s learning and development. The resulting Head Start Impact Study (HSIS) gathered data from a large,
nationally representative sample of children assigned at random
to Head Start centers or a comparison group between 2002 and
2006. The Final Report of the HSIS (2010a) found that at the end of
the program year, Head Start signiﬁcantly increased children’s preacademic skills (ES = .19–.22), reduced behavior problems (ES = −.08
to −.14), and provided children access to dental care and improved
children’s overall health (ES = .11–.33), compared with control
group children. Although these effect sizes are small, they indicate
that the program is improving children’s development in a wide
array of areas (U.S. DHHS, Final Report, 2010b) and they are consistent with a recent meta-analysis of 57 Head Start studies from
1965 to 2002, which found the average program-level effect size
to be .27 SD (Shager et al., 2013). The HSIS report (2010a, 2010b)
also provided some evidence of differential program effects among
key subgroups. For example, Head Start impacts were larger for
Dual Language Learners than monolingual-English speakers on a
measure of receptive vocabulary.
The current study extends the examination of the differential
effects of Head Start in novel ways (Barton, Spiker, & Williamson,
2012; Bloom & Weiland, 2015; McCoy, Morris, Connors, Yoshikawa,
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& Gomez, 2015; Miller, Farkas, Vandell, & Duncan, 2014). Speciﬁcally, we test whether the program is meeting its conceptual goals
of promoting school readiness outcomes for children whose risk
proﬁles matched those targeted by the Head Start service model.
Using Head Start’s “whole child” approach, we ﬁrst created ten
conceptually based risk factors in four broad areas based on the
Head Start program model: (1) children’s pre-academic skills; (2)
children’s behavior problems; (3) children’s health; and (4) family
functioning. We next estimated a set of regressions in which each
baseline risk factor was individually interacted with assignment
to Head Start. Then we created a total risk index by summing the
ten items and estimated regressions in which this total index was
interacted with assignment to Head Start. Positive coefﬁcients on
these interaction variables would indicate larger program beneﬁts
for children in a given risk group compared with other children.
Since school readiness may be conceptualized as a continuum,
and given that children at risk in these domains are typically the farthest away from being ready for kindergarten, it follows that these
higher-risk children would stand to gain more from a program
(Head Start) that explicitly targets these risk domains compared
with an alternative one. That is, because Head Start strives to create
an environment that improves the multiple needs of children, individuals that ﬁt the package of services best, i.e., children at greatest
risk in the targeted domains, should experience larger positive program impacts than similar children in the control condition.
Theoretical framework. The overall framework of this study
draws on two complementary developmental theories. The ﬁrst,
bioecological theory (Bronfenbrenner & Morris, 2006), posits
that human development results from the interplay of Process × Person × Context × Time. The core of the model is Process,
which constitutes interactions between an organism and their
environment known as proximal processes. The effects of these
proximal processes on developmental outcomes systematically
vary based on the characteristics of the person and their surrounding environmental context. Consequently, children and their
families respond in varying ways to the program treatment environments they encounter (i.e., treatment effect heterogeneity).
With an environment like Head Start, and the economically disadvantaged families and children it serves, bioecological theory would
predict that the program will not affect all children in the same
way since the ﬁt between the child’s needs and what the program
provides is likely to differ across families, children, and outcomes.
Therefore the match between children’s characteristics, including
prior experiences and needs, and the services offered by Head Start
is crucial in determining whether the program is appropriate and
successful for a given child, creating a source of heterogeneous
treatment effects (Imbens & Angrist, 1994).
The second developmental theory is the cumulative risk model.
In recent decades, a great deal of work has been conducted on
risk and protective factors for infants and preschool children who
grow up in adverse conditions (see Werner, 2001 for a review).
Often these factors were based on a single indicator of risk measured at the family level. Examples of such risk factors include
economic hardship (Egeland, Carison, & Sroufe, 1993; McLoyd,
1998); parental mental illness (Cicchetti & Toth, 1998; Seifer,
Sameroff, Baldwin, & Baldwin, 1992); substance abuse (Werner,
2004); teenage motherhood (Furstenberg, Brooks-Gunn, & Morgan,
1987); and child abuse and neglect (Farber & Egeland, 1987).
Cumulative risk models account for the fact that some children are exposed to multiple dimensions of family-level risk and
that the developmental outcomes for these children might be most
compromised. These models traditionally include factors such as
poverty, single motherhood, low levels of parental education, and
unemployment, which tend to cluster within the same families
(Masten et al., 1995) and may be conceptually and empirically
difﬁcult to examine individually (Burchinal, Roberts, Hooper, &

Zeisel, 2000; Evans, Li, & Whipple, 2013). Studies using cumulative risk models have demonstrated that the more risk factors a
child is exposed to, the more likely they are to experience a range
of developmental problems, with the effects multiplicative rather
than additive (Garmezy, Masten, & Tellegen, 1984; Rutter, 1987;
Sameroff, Seifer, Barocas, Zax, & Greenspan, 1987; Sameroff, Seifer,
Baldwin, & Baldwin, 1993; Sameroff, 2006). The cumulative risk
model complements bioecological theory as multiple risk factors
may sufﬁciently disrupt the proximal processes between a person
and their environment necessary for healthy development, as well
as inhibit alternative sources of these proximal processes (Evans
et al., 2013).
Despite the potential for cumulative risk factors to harm
children’s development, many of the above-mentioned studies
emphasized how many high-risk children overcame trying circumstances to have good developmental outcomes through protective
mechanisms that buffered their stressful situations. In fact, both
Werner (1997) and Sameroff (2006) explicitly mentioned Head
Start as a program that could serve as a protective mechanism for
children at risk in a wide array of developmental areas, which is
why theoretically, we might expect program beneﬁts to be greatest for those most in need. Thus, cumulative risk models have
been especially useful in studies examining potential protective
factors because they provide a more comprehensive and precise
representation of a child’s disadvantage than examining each factor individually (Garmezy et al., 1984; Masten et al., 1995; Rutter,
1987; Seifer et al., 1992; Wright, Masten, & Narayan, 2013).
This is the theoretical approach we have taken in our study,
which focuses on the premise that effective policies must ﬁt with
as many of individual children’s developmental needs as possible in order to succeed. Accordingly, using individual risk factors
ﬁrst and then a cumulative risk index, we examine how well Head
Start’s “whole child” model differentially beneﬁtted children at risk.
In particular, we ask whether the program differentially beneﬁts
children at greatest risk in the domains targeted by Head Start’s
comprehensive services. In our empirical work, this translates into
expectations of larger treatment effects for these higher-risk children relative to higher-risk children in the control condition.
Cumulative risk models and differential program impacts.
There is a rich literature on differential impacts using cumulative risk models. We discuss some recent studies here, which used
cumulative risk to examine differential program impacts through
experimental variation. These studies, including those based on the
HSIS, highlight how a particular program may have served as a protective factor for children at risk, buffering against their adversity.
The Final Report of the HSIS (U.S. DHHS, 2010a, 2010b) and the
Early Head Start Research and Evaluation (EHSRE) study (Raikes,
Vogel, & Love, 2013) both used a cumulative risk index comprised
of ﬁve family-level items – receipt of TANF or Food Stamps; neither parent in the household had a high school diploma or a GED;
neither parent in household was employed or in school; the child’s
biological mother or caregiver was a single parent; and the biological mother was teenaged at the child’s birth – to test for differential
program effects. Families were characterized according to whether
they had 0–2 (no/low), 3 (moderate), or 4–5 (high) risk factors. In
the HSIS, Head Start children from high-risk households experienced sustained cognitive outcomes through the end of 1st grade
relative to high-risk children not offered a Head Start enrollment
slot, and Head Start children from moderate-risk households experienced more positive socio-emotional impacts. There were no
differential impacts for Head Start children from low-risk households compared with controls.
In the EHSRE study, program impacts were relatively weak at age
ﬁve for children from homes characterized by no/low risk as well
as for children from homes with high risk. Children from homes
characterized by moderate risk had the strongest program impacts
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with positive gains on three socio-emotional outcomes compared
with controls.
Additionally, Klebanov and Brooks-Gunn (2006) used data from
the Infant Health and Development Program (IHDP) to form a
cumulative risk index comprised of human capital risks (e.g.,
maternal employment and education) and psychological risks (e.g.,
maternal mental health and social support) to examine program
impacts on cognitive outcomes at ages three, ﬁve, and eight. They
found that treatment effects at age three did not depend on level of
risk, whereas at ages ﬁve and eight, children with moderate levels of
human capital risk, but not psychological risk, had sustained treatment effects. Treatment group children with low and high levels of
human capital risk did not sustain IQ gains compared with controls.
Similarly, the evaluation of the Chicago School Readiness Project
(CSRP) included an examination of moderated program impacts on
behavior by a composite of poverty-related risk factors. Included
items were maternal education level, maternal employment, and
family income-to-needs ratio. Results showed that children with no
or one risk beneﬁtted from the CSRP intervention compared with
controls, whereas the intervention effect for children with two or
more risks was not statistically signiﬁcant (Raver et al., 2009).
Thus, the HSIS, EHSRE, IHDP, and CSRP studies all used variations
of a cumulative risk model to test for differential program impacts
in the context of a random-assignment experiment. Differing effect
patterns emerged, sometimes favoring children at highest risk and
other times favoring children at more moderate or even low risk,
possibly owing to the different deﬁnitions among these studies of
what constituted risk.
Other methodological considerations. The above-mentioned
studies composed their cumulative risk indices from family-level
risk factors traditionally included in the literature such as poverty,
single motherhood, low levels of parental education, and unemployment. These risk factors may not necessarily be malleable by
the intervention services. Another increasingly popular methodological approach to creating risk indices is to use latent class
analysis (LCA) to discover combinations of risk factors most commonly found among program-eligible children. A recent paper by
Cooper and Lanza (2014) applied LCA to HSIS data in order to
identify combinations of baseline home environment characteristics that occurred most frequently among Head Start children.
The authors then tested whether the effects of Head Start differed
across these subgroups. They found that for some subgroups, Head
Start had positive impacts, for other subgroups no impacts, and
yet for others mixed positive and negative impacts, particularly
with regard to maternal versus teacher reports of behavior. Similarly, Halle, Hair, Wandner, and Chien (2012) used LCA to uncover
school readiness developmental proﬁles along cognitive, socioemotional and health domains for four-year olds enrolled in Head
Start. They found that a substantial proportion of Head Start children moved from a developmental proﬁle including some risk to
a strengths proﬁle, suggesting that many Head Start students are
improving in their developmental status over the Head Start year.
Among other factors, family structure and maternal educational
attainment were associated with stability and change in proﬁle
membership. Lastly, Bulotsky-Shearer, Wen, Faria, Hahs-Vaughn,
and Korfmacher (2012) also used LCA to examine associations
between family involvement and Head Start classroom quality on
children’s cognitive and socio-emotional skills at the end of the
program year. Children from homes with high levels of parental
involvement and high classroom quality had the best outcomes
while children with low degrees of both fared worst on outcomes.
Present study. The recent studies using LCA estimated separate
Head Start effects for groups of children possessing characteristics
that are most common in the program-eligible population. By contrast, the present study estimates Head Start effects for children at
greatest risk of negative outcomes that are speciﬁcally targeted by
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the program’s model. We do this by examining interactions with
individual risk factors as well as with a cumulative risk index.
One of the most theoretically compelling procedures for choosing variables to include in a cumulative risk model is to consider
salient proximal processes for a given developmental outcome and
then to consider which risk factors, in combination, likely contribute to children’s adversity (Evans et al., 2013). Thus, instead
of using family-level risk factors that might not be malleable by
program services or using LCA to uncover empirically correlated
risk factors, we instead take a more elemental and direct approach
consistent with the Head Start program’s theory of change. Speciﬁcally, our study uses the proximal processes fostered by Head Start’s
“whole child” model and deﬁnes risk by a set of child- and familylevel items (see Measures, below) matched to the school readiness
domains that the program targets with its comprehensive services.
Of particular importance is our examination of individual childlevel risk factors such as pre-existing academic, behavioral, and
health issues. These domains are targeted explicitly by Head Start
and may be important in determining whether the program is successful for a given child. As a consequence, this study is to our
knowledge the ﬁrst to deﬁne children’s risk based on the goals of
the program – the academic, socio-emotional, and health needs
of children as well as family functioning – as opposed to simply
demographic groupings of risk.
Our principal research question is: Does Head Start differentially
beneﬁt children at greatest risk on achievement and behavioral outcomes after one academic year in the program and at the end of
kindergarten compared with control group children? On the basis
of the program design and the match between children’s needs
and the services provided by Head Start, we hypothesize a positive
interaction between the Head Start treatment and the cumulative
risk index, with the largest positive treatment effects for children
with the greatest number of risks.
Method
Participants
We analyzed data from the HSIS, a nationally representative
sample of 84 Head Start grantee and delegate agencies and nearly
5000 newly entering, eligible three and four-year-old children.
Children were randomly assigned to either: (1) a Head Start group
that had access to Head Start program services; or (2) a control
group that was not eligible to enroll in the Head Start center to
which they applied for the lottery, but could enroll in other early
childhood programs or services selected by their parents, including
other Head Start centers not in the study (U.S. DHHS, Final Report,
2010b).
The study employed a multi-stage sampling process to select a
representative group of Head Start programs and children. It began
with a list of 1715 grantee and delegate Head Start agencies that
were operating in Fiscal Year (FY) 1998–99. This pool was then
organized into 161 geographic clusters across 25 strata in order
to ensure variation across region of the country, urban and rural
location, race and ethnicity, and state pre-kindergarten and child
care policies. One cluster was then randomly selected from each of
the 25 strata yielding 261 grantee and delegate agencies. Agencies
were eliminated that had recently closed, merged, or were serving all eligible children in their communities, and smaller agencies
were grouped together. Approximately three grantee and delegate
agencies were then randomly selected from each of the 25 strata,
yielding a ﬁnal 84 grantee and delegate agencies.
These 84 Head Start agencies generated lists of 1427 individual centers that were expected to be in operation for the
2002–03 school year. After individual programs were eliminated
because they had recently closed, merged, or were serving all
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eligible children in their communities, and groups of centers
were stratiﬁed along the same dimensions as the geographical
agency clusters, 383 individual centers remained (U.S. DHHS, Final
Report, 2010b). An average of four centers were selected from each
Head Start agency with a range of 1–7 centers (C. Heid, personal
communication, April 10, 2013).
Once the centers were selected, a lottery process was used to
determine which children were and were not assigned a place in
Head Start. The goal was to randomly select 27 children from each
center – 16 to be assigned to Head Start and 11 to the control condition. In total 4442 children were randomly selected – 2646 for
Head Start and 1796 for the control condition. Data collection took
place from fall 2002, at the time the treatment group entered Head
Start, until spring 2006, at the end of ﬁrst grade (U.S. DHHS, Final
Report, 2010b). The resulting sample (N = 3540) was roughly split
into thirds by child’s race – black, Hispanic, and white or other.
Further, about half the sample was male and about a tenth had a
disability at baseline. Over a third of the mothers in the sample had
less than a high school education, about 15% were teenage mothers,
and about a ﬁfth had immigrated to the United States in the past
10 years.
Measures
Outcomes
Pre-academic skills. Prior to program entry in the fall of 2002
and every subsequent spring for the study duration, treatment
and control group children were administered a battery of assessments, including the Woodcock Johnson (WJ) III Pre-academic
Skills Cluster (Woodcock, McGrew, & Mather, 2001) as a measure
of academic achievement. The WJ Pre-academic Skills Cluster is
norm-referenced assessment (M = 100, SD = 15), comprised of the
WJ Letter–Word, WJ Spelling, and WJ Applied Problems tests. It
provides an overall score for a child’s pre-reading skills, letter and
word identiﬁcation skills, developing mathematics skills, and skill
in written production (˛ = .97; U.S. DHHS, Technical Report, 2010a).
Given the critical importance of these academic domains for later
school success (Whitehurst & Lonigan, 2003; Yesil-Dagli, 2011), we
used this assessment as a measure of a child’s overall pre-academic
skills at baseline, after one academic year in Head Start or the control condition, and at the end of kindergarten. Descriptive statistics
for each time period are found in Table 1.
Total child behavior problems (maternal-report). Both at baseline and every subsequent spring of the study, the primary caregiver
was administered an interview by project staff. The primary caregiver was considered the person living with and most responsible
for the care of the child, and in the HSIS, three-quarters of the
respondents were the biological or adoptive mothers. In this interview, the primary caregiver was asked to report on children’s
behavior in three broad areas: aggressive behavior (e.g., “hits and
ﬁghts with others”), hyperactive behavior (e.g., “is very restless and
ﬁdgets a lot”), and withdrawn behavior (e.g., “is unhappy, sad, or
depressed”). These items were based on a modiﬁed Child Behavior
Checklist (CBCL; Achenbach, Edelbrock, & Howell, 1987) and were
used as well in the U.S. DHHS’s Head Start Family and Child Experiences Survey (FACES). For each item, the parent was asked to judge
whether the behavioral description was “not true” (0), “sometimes
true” (1), or “very true” (2) of the child. HSIS study administrators
then constructed a total child behavior problems scale derived from
parent ratings of all 14 items across the three areas, with a total
score ranging from 0, all items marked “not true”, to 28, all items
marked “very true” (˛ = .77; U.S. DHHS, Technical Report, 2010a).
We used this scale as a measure of the maternal-report of a child’s
total behavior problems at baseline, after one academic year in
Head Start or the control condition, and at the end of kindergarten.
Descriptive statistics for each time period are found in Table 1.

Total child behavior problems (kindergarten teacher-report).
In the spring of the kindergarten year, the head classroom teacher
was asked to ﬁll out the Adjustment Scales for Preschool Intervention (ASPI; Lutz, Fantuzzo, & McDermott, 2002) for each study child.
The ASPI contains 24 classroom situations that provide 144 descriptions of both typical and problem classroom behavior in ﬁve areas:
aggressive behavior, withdrawn or low energy behavior, socially
reticent behavior, oppositional behavior, and inattentive or hyperactive behavior. The teacher selected all descriptions that matched
a child’s behavior in a speciﬁed classroom situation over the past
two months. Raw scores were based on the sum of the checked
behavior descriptions. To create a composite kindergarten teacherreport of total behavior problems paralleling the maternal-report,
we summed the raw scores from all ﬁve behavior areas for a range
of scores from 0 items checked to 51 items checked, with about 75%
of sample children having ten or fewer behaviors checked (˛ = .68).
Descriptive statistics are found in Table 1.
Risk factors. The comprehensive services model of Head Start
provides preschool education; medical, dental, and mental health
care; nutrition assistance; and efforts to help parents foster their
children’s development (U.S. DHHS, Final Report, 2010b). Using
these goals, we created ten conceptually-based risk factors in four
broad areas based on the Head Start program model: (1) children’s pre-academic skills; (2) children’s behavior problems; (3)
children’s health; and (4) family functioning. The speciﬁc items
chosen had appropriate variables in the HSIS data to represent
them, and previous work has demonstrated their potential to negatively impact children’s development (see Zigler & Styfco, 2010 for a
review). The ten risk factors were all measured at baseline in the fall
of 2002. We modeled our conceptualization of risk for each factor
after Sameroff (2006) who argued for dichotomous high risk/low
risk categorizations, and for continuous variables, the bottom 25%
to be considered at risk. Because of the low-income sample of Head
Start children, we used 1 SD below national norms as the criterion
for high risk on continuous variables rather than the bottom 25%.
Thus, a child was coded “1” if they had a given risk factor and “0” if
they did not.
To form a cumulative index, we then summed for a total measure
of baseline risk from 0, no additional risk factors, to 10, all additional
risk factors. Because the basis of the “whole child” model is that
optimal development occurs when children’s needs in each domain
are met (Zigler & Styfco, 2010), each corresponding risk factor was
given equal weight. Similar to Bradley (2004) and Bollen (2002), we
believe that our cumulative risk measure is the formative result of
these ten items, rather than an underlying reﬂective construct causing these ten items, and therefore internal consistency reporting
for our index is inappropriate. Nonetheless, descriptive statistics
for each risk factor as well as our cumulative risk index are located
in Table 1. The individual factors were determined as follows.
Low receptive vocabulary skills. We classiﬁed children as having low receptive vocabulary skills at baseline if they scored more
than 1 SD below national norms (below an 85), on the Peabody
Picture Vocabulary Test, Third Edition (PPVT; Dunn & Dunn, 1997).
Children who scored below an 85 on the PPVT at baseline were
given a “1” for this risk factor, and everyone else who scored at or
above an 85 was coded “0.” Almost a quarter of sample children
had this risk factor at baseline according to our classiﬁcation.
Low reading identiﬁcation skills. Similarly, we classiﬁed children as having low reading identiﬁcation skills at baseline if they
scored more than 1 SD below national norms (below an 85), on the
WJ Letter–Word test. Children who scored below an 85 on the WJ
Letter–Word test at baseline were given a “1” for this risk factor,
and everyone else who scored at or above an 85 was coded “0.”
About 35% of sample children had this risk factor at baseline.
Low early math skills. Likewise, we classiﬁed children as having
low early math skills at baseline if they scored more than 1 SD below
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Table 1
Descriptive statistics, full sample.
Treatment
N
Outcome variables
Baseline (Fall 2002)
Pre-academic skills
Total behavior problems – maternal report
End of Head Start (Spring 2003)
Pre-academic skills
Total behavior problems – maternal report
End of kindergarten (Spring 2004/2005)
Pre-academic skills
Total behavior problems – maternal report
Total behavior problems – teacher report
Risk factors – baseline (Fall 2002)
Individual components
Child low receptive vocabulary skills
Child low reading ID skills
Child low early math skills
Child high hyperactive behavior
Child high aggressive behavior
Child has never seen dentist
Child suboptimal overall health
Maternal depression
Maternal low literacy skills
Family economic difﬁculty
Cumulative risk
Control variables – baseline (Fall 2002)
Child characteristics
Age at Spring 2003 assessment in weeks
Age-3 cohort
Gender – male
Race
Black
Hispanic
White & other
Spanish as baseline testing language
Disability
Family characteristics
Caregiver age
Maternal education
Less than high school
High school diploma/GED
Beyond high school
Married mother
Teenage mother
Parents lived together
Immigrant mother
Home language Spanish

Control
Mean/% of sample

Standard deviation

N

Mean/% of sample

Standard deviation

2216
2216

90.95
6.05

12.14
3.88

1324
1324

90.27
6.12

11.71
3.29

2216
2216

91.58
5.67

13.29
3.94

1324
1324

88.58***
6.01*

13.74
3.24

1572
1572
1572

98.03
4.96
7.13

11.04
4.11
8.17

968
968
968

98.22
5.07
6.82

9.26
3.40
6.77

2216
2216
2216
2216
2216
2216
2216
2216
1973
2216
2216

0.23
0.34
0.33
0.15
0.09
0.21
0.21
0.21
0.47
0.37
2.56

1.81

1324
1324
1324
1324
1324
1324
1324
1324
1090
1324
1324

0.21
0.36
0.36
0.17
0.08
0.23
0.21
0.19
0.48
0.35
2.58

1.61

2216
2216
2216
2216

236.02
0.54
0.49

1324
1324
1324
1324

236.13
0.55
0.49

2216
2216
2216
2216

2216
2216
2216
2216
2216

31.38

0.32
0.36
0.33
0.24
0.14
29.37
0.36
0.34
0.31
0.45
0.15
0.50
0.19
0.28

1324
1324
8.06

1324
1324

1324
1324
1324
1324
1324

27.06

0.29
0.36
0.35
0.23
0.11**
29.08

6.31

0.39
0.33
0.28
0.46
0.15
0.51
0.18
0.29

Note. p level of treatment/control difference: * p < .05. ** p < .01. *** p < .001.
PPVT = Peabody Picture Vocabulary Test. WJ = Woodcock–Johnson. Pre-academic skills are the average scores of 3 direct standardized assessments: PPVT, WJ Letter–Word
test, & WJ Applied Problems test. t-Tests for differences in means were conducted for continuous variables, chi-square tests for categorical variables. Weight
used = CHSPR2003WTCA for control variables, risk indices and components, and pre-academic skills baseline and end of HS; CHSPR2003WTPI for maternal-report behavior
problems baseline and end of HS; CHSPR2005WTCA for pre-academic skills end of K; CHSPR2005WTPI for maternal-report behavior problems end of K; S05TRWTCA PI TS
for teacher-report behavior problems end of K.

national norms (below an 85), on the WJ Applied Problems test.
Children who scored below an 85 on the WJ Applied Problems test
at baseline were given a “1” for this risk factor, and everyone else
who scored at or above an 85 was coded “0.” About a third of sample
children had this risk factor at baseline.
High hyperactive behavior. Using the baseline maternal-report
of behavior problems, children were coded “1” for the risk factor of
high hyperactive behavior if they were rated a 4 or higher (out of a
possible 6) for total hyperactive behavior. Everyone else was coded
“0.” About 15% of sample children had this risk factor at baseline.
High aggressive behavior. Similarly, using the baseline
maternal-report of behavior problems, children were coded “1” for
the risk factor of high aggressive behavior if they were rated a 6
or higher (out of a possible 8) for total aggressive behavior. Everyone else was coded “0.” About 10% of sample children had this risk
factor at baseline.

Never seen the dentist. In the baseline parent interview, the primary caregiver was asked to report on the health status of their
child. One of the key items of interest was whether sample children
had ever seen the dentist prior to the start of the study. Children
were coded “1” if their primary caregiver indicated that they had
never seen the dentist, and “0” if they had. Almost 25% of sample
children had never seen the dentist at baseline.
Suboptimal overall health. In this same interview, the primary
caregiver was also asked about the overall health status of their
child at baseline. Children were coded “1” if their primary caregiver indicated that their health status was only good, fair, or poor,
and “0” if it was rated excellent or very good. Over 20% of sample
children were rated as having suboptimal overall health at baseline.
Maternal depression. Study mothers were administered at
baseline a shortened form of the Center for Epidemiologic
Studies-Depression Scale (CES-D; Radloff, 1977), which measures
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depressive symptoms (˛ = .85). HSIS study administrators created
four subgroups from the scale: (1) no depressive symptoms (score
of 0–4); (2) mild depressive symptoms (score of 5–9); (3) moderate
depressive symptoms (score of 10–14); and (4) severe depressive
symptoms (score of 15–36). Children were coded “1” if their mother
was diagnosed as having moderate or severe depressive symptoms,
and “0” if their mother had no symptoms or mild symptoms. Over
20% of sample children had mothers who exhibited such symptoms
at baseline.
Low maternal literacy skills. Study mothers were also administered at baseline the reading subtest of the Kaufman Functional
Academic Skills Test (KFAST; Kaufman & Kaufman, 1994). The
KFAST is a brief, norm-referenced (M = 100, SD = 15) test of functional reading abilities for individuals (˛ = .90). Similar to the direct
child assessments, we deﬁned a low KFAST score as more than 1
SD below national norms (below an 85). Children of mothers who
scored below an 85 at baseline were given a “1” for this risk factor,
and children of mothers who scored at or above an 85 on the KFAST
were coded “0.” Almost 50% of sample children had mothers with
this risk factor at baseline.
Economic difﬁculty. Although nearly all Head Start-eligible children are low-income as determined by the federal poverty line,
additional information on household monetary resources was collected from the primary caregiver at baseline. They were asked if
the family had experienced any difﬁculty in the past three months
in paying rent, paying electric and heating bills, buying food for
the family, and buying clothes for the children. Children of mothers who responded yes to any of these questions were coded “1”
for economic difﬁculty. Children of mothers who indicated they
had not experienced any difﬁculty were coded “0.” Over a third of
sample children resided in households that had experienced recent
economic difﬁculty.
Covariates. In order to adjust for departures from randomization and increase the precision of our point estimates, we used
the same set of baseline covariates as was used in the Final Report
of the HSIS (U.S. DHHS, 2010a, 2010b). Child covariates included:
gender (1 = male, 0 = female); whether the child’s race was black
(1 = yes, 0 = no); whether the child was of Hispanic or Latino ethnicity (1 = yes, 0 = no); whether the child was classiﬁed as having
a disability at baseline (1 = yes, 0 = no); the language of baseline
testing (1 = Spanish baseline testing, 0 = English baseline testing);
number of elapsed weeks from September 1, 2002 until the spring
2003 assessment; and age in weeks at the spring 2003 assessment.
Family covariates included: caregiver age in years; highest level of
maternal education; whether the mother was a recent immigrant
to the United States; primary language used at home (1 = Spanish,
0 = English); and three family structure variables including whether
both biological parents lived with the child, whether the child’s
mother was married, and whether the mother was a teenage
mother at the child’s birth. A lagged dependent variable was also
included in the model to control for the child’s baseline level of preacademic skills or behavior problems, respectively. For purposes of
analyses, all the covariates were centered at their mean. Descriptive
statistics for all covariates are displayed in Table 1.
Non-response. As with any longitudinal dataset, there was nonresponse in the HSIS. In particular, child assessment and parent
interview response rates were correlated with treatment status as
well as child gender and race. To control for this potential bias,
we weighted all our analyses using the study-supplied weights,
which included an adjustment for probability of selection into the
sample as well as for non-response (U.S. DHHS, Technical Report,
2010a). The exact weights that were used depended on the outcome of interest and wave of the study. Therefore, explicitly listed
at the bottom of each table are the speciﬁc weights used for each
analysis. As a robustness check, we also ran multiple imputation
for missing data and found that the results of our analyses did

not change signiﬁcantly. Hence below we report the weighted case
results (N = 3540).
Analysis plan
Residualized growth models were used to estimate the effects
of each risk factor on pre-academic skills and behavior problems
above and beyond what can be explained by the lagged dependent
variable and what can be predicted based on covariates. Thus, our
principal regression model was:
Yt = ˇ0 + ˇ1 Yt−1 + ˇ2 (FACTOR)t−1 + ˇ3 TX + ˇ4 (FACTORt−1 × TX)
+ COVARIATES + e,
where Yt was the outcome variable of interest; Yt−1 was the lagged
outcome variable at baseline; FACTOR t−1 was the individual risk
factor at baseline; TX was the dummy variable for random assignment to Head Start; FACTORt−1 × TX was an interaction of the
individual risk factor at baseline with assignment to Head Start;
COVARIATES was the vector of child and family covariates described
above used in the model; and et was an error term. The primary
parameter of interest, ˇ4 , tested whether the relation between each
individual risk factor and child outcomes varied whether the child
was randomly assigned to Head Start.
We then used similar growth models to estimate the effects
of cumulative risk on pre-academic skills and behavior problems.
Here our principal model was:
Yt = ˇ0 + ˇ1 Yt−1 + ˇ2 (RISK)t−1 + ˇ3 TX + ˇ4 (RISKt−1 × TX)
+ COVARIATES + et ,
where the primary parameter of interest, ˇ4 , tested whether the
relation between each additional risk factor and child outcomes
varied whether the child was randomly assignment to Head Start.
Given the strong potential for Head Start center-level variation,
all models included Head Start center-level ﬁxed effects with the
standard errors properly adjusted for weighting and clustering.
Results
Descriptive analyses
Table 1 displays the descriptive statistics for the two primary
outcomes of pre-academic skills and total child behavior problems,
the main independent variable of cumulative risk, and the covariates. There were no signiﬁcant differences between treatment and
control group children on either pre-academic skills or total behavior problems at baseline. By the end of one academic year, Head
Start children had signiﬁcantly higher pre-academic skills (p < .001)
and signiﬁcantly fewer behavior problems (p < .05) compared with
control group children. Consistent with the Final Report of the HSIS
(U.S. DHHS, 2010a, 2010b), these cognitive and behavioral advantages disappeared by the end of kindergarten.
Additionally, as would be expected from random assignment,
there were no signiﬁcant differences between Head Start and control group children on the risk index or single risk factors at
baseline. The mean number of risk factors was about 2.5 on a scale
from 0 to 10, indicating the distribution was positively skewed.
About 12% of the sample had no or one risk factors, 68% of the
sample had between two and ﬁve risk factors, and 10% had six
or more risk factors. Despite this skewedness, our modeling techniques are appropriate because OLS regression provides the best
linear unbiased estimator of the regression coefﬁcients even when
these variables are not normally distributed (Wooldridge, 2009).
Balance was achieved between treatment and control on all
covariates except child disability. The imbalance may be due to
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Table 2
Relationship between risk factors, assignment to Head Start, and their interaction.
Outcomes
(1) Pre-academic skills:
direct assessments end
of HS year

(2) Total behavior
problems: maternalreport end of HS year

(3) Pre-academic skills:
direct assessments end
of K year

(4) Total behavior
problems: maternalreport end of K year

(5) Total behavior
problems: teacherreport end of K year

Single
interaction

Single
interaction

Full set of
interactions

Single
interaction

Full set of
interactions

Single
interaction

Full set of
interactions

Single
interaction

Full set of
interactions

0.16*

0.18

0.15

0.23

0.07

0.06

−0.21***

−0.18

(0.08)
0.13***
(0.08)
−0.12
(0.10)

(0.11)
0.05
(0.09)
−0.09
(0.10)

(0.16)
0.12
(0.10)
0.13
(0.12)

(0.16)
0.15
(0.11)
0.15
(0.11)

(0.11)
0.04
(0.11)
0.20
(0.15)

(0.18)
−0.10
(0.14)
0.18
(0.15)

(0.12)
−0.18
(0.12)
0.02
(0.16)

(0.23)
−0.26
(0.16)
0.09
(0.16)

0.24*
(0.11)
0.29*
(0.15)

0.54**
(0.18)
0.21
(0.19)

0.09
(0.19)
0.07
(0.14)

0.03
(0.15)
0.14
(0.20)

0.49**
(0.16)
0.55**
(0.20)

0.39***
(0.22)
0.42
(0.27)

0.00
(0.15)
−0.10
(0.23)

0.18
(0.24)
−0.39
(0.30)

−0.05
(0.08)
−0.08

0.01
(0.10)
−0.17

0.06
(0.12)
0.04

0.09
(0.12)
0.07

−0.01
(0.12)
0.10

−0.07
(0.15)
0.18

−0.09
(0.11)
−0.09

−0.14
(0.14)
−0.06

(0.10)

(0.13)

(0.13)

(0.13)

(0.14)

(0.18)

(0.14)

(0.23)

0.07
(0.09)
0.03

0.02
(0.11)
−0.00

0.09
(0.12)
0.06

0.10
(0.12)
0.07

0.19
(0.15)
−0.07

0.16
(0.16)
−0.08

−0.08
(0.16)
−0.22*

−0.01
(0.19)
−0.01

(0.09)
−0.04
(0.08)

(0.12)
−0.07
(0.11)

(0.10)
0.14
(0.12)

(0.11)
0.15
(0.11)

(0.11)
0.10
(0.10)

(0.15)
0.00
(0.13)

(0.10)
0.02
(0.11)

(0.15)
0.01
(0.15)

Full set of
interactions

Interactions of Head Start treatment with baseline:
Child pre-academic skills
0.02
0.02
Low receptive
vocabulary skills
(0.09)
(0.10)
0.14***
0.13
Low reading ID skills
(0.08)
(0.08)
Low early math skills
0.08
0.04
(0.09)
(0.08)
Child behavior problems
0.01
0.02
High hyperactivity
(0.13)
(0.12)
High aggressiveness
0.04
0.01
(0.08)
(0.16)
Child health
0.08
Never seen the dentist 0.15
(0.10)
(0.10)
Suboptimal overall
0.07
0.04
health
(0.11)
(0.11)
Family factors
0.07
0.09
Maternal depression
(0.09)
(0.10)
Low maternal literacy 0.05
0.04
skills
(0.08)
(0.08)
0.05
0.06
Economic difﬁculty
(0.08)
(0.08)

Note. Standard errors in parentheses calculated using jackknife replicate weights. Standardized regression coefﬁcients. * p < 0.05. ** p < 0.01. *** p < 0.10.
PPVT = Peabody Picture Vocabulary Test. WJ = Woodcock–Johnson. Pre-academic skills are the average scores of 3 direct standardized assessments: PPVT, WJ Letter–Word
test, & WJ Applied Problems test. Head Start center-level ﬁxed effects included in the model. Covariates (centered at mean): lagged DV, child cohort, child race, child
gender, child disability status, child age at spring 2003 assessment, number of weeks elapsed between 09/01/02 and spring 2003 child assessment, language of baseline
child assessment, maternal education, maternal marital status, caregiver depression, teenage mother status, caregiver age, maternal immigration status, and home language.
Weight used = CHSPR2003WTCA for pre-academic skills end of HS; CHSPR2003WTPI for maternal-report behavior problems end of HS; CHSPR2005WTCA for pre-academic
skills end of K; CHSPR2005WTPI for maternal-report behavior problems end of K; S05TRWTCA PI TS for teacher-report behavior problems end of K.

Head Start’s stated commitment to serve children with disabilities and its purposeful reservation of at least 10% of enrollment
slots for these children (U.S. DHHS, Final Report, 2010b), Head
Start was more likely to serve children with disabilities as opposed
to the control condition (p < .01). A simultaneous joint test of all
baseline covariates between treatment and control was marginally
signiﬁcant owing mainly to this difference in serving children with
disabilities (F(16, 3468) = 0.98, p < .10).
Principal regression analyses
In order to provide the most ﬂexible and transparent look at
the relation between risk, random assignment to Head Start, and
child outcomes, we ﬁrst tested each individual risk factor in our
models separately. We did these analyses in two ways. First, we
ran regressions for our ﬁve outcomes of interest (two at the end of
one academic year in Head Start or the control condition and three
at the end of kindergarten) with the main effects of each risk factor,
the main effect of Head Start, their interaction, and covariates, one
by one for each individual risk factor. We then ran the same ﬁve
regressions with the main effects of each risk factor, the main effect
of Head Start, their interaction, and covariates, all while controlling
for all the other individual risk factors and their interactions with
Head Start. This latter set of regression runs helped isolate the effect
of each particular risk factor holding constant all the others. For
parsimonious presentation, only the interaction results from these
models are found in Table 2.

Results from these analyses indicate that there were no statistically signiﬁcant interactions with the individual risk factors and
assignment to Head Start on pre-academic skills at either time point
of the end of the Head Start year or the end of kindergarten. However, on behavior problems, there was some indication that two
individual risk factors were particularly associated with maternal-,
though not teacher-, report of behavior. A child with high hyperactive behavior (ˇ = .24, p < .05) or high aggressive behavior (ˇ = .29,
p < .05) at baseline had higher maternal-reported behavior problems at the end of the Head Start year if they were assigned to
Head Start compared with the control condition. By the end of
kindergarten, these detrimental interactions increased in magnitude. A child with high hyperactive behavior (ˇ = .49, p < .01) or
high aggressive behavior (ˇ = .55, p < .01) at baseline had higher
maternal-reported behavior problems at the end of kindergarten
if they were assigned to Head Start compared with the control
condition. These results primarily held in the models that contained all the individual risk factors and their interactions with
Head Start. Interestingly, for teacher-report of behavior, none of
the interactions between the individual risk factors and Head Start
was statistically signiﬁcant.
We next estimated models using our cumulative risk index displayed in Table 3.
Models 1 and 2 display the results from the end of one academic
year in Head Start or the control condition. Because interaction variables are included in all the models, the main effects of cumulative
risk are for control group children. Consequently, for each outcome,
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Table 3
Relationship between cumulative risk, assignment to Head Start, and their interaction.
Outcomes

Cumulative risk
(continuous index)
Treatment (dummy
assignment to HS)
Cumulative
risk × treatment
N
R2

(1) Pre-academic skills:
direct assessments end
of HS year

(2) Total behavior
problems: maternalreport end of HS year

(3) Pre-academic skills:
direct assessments end
of K year

(4) Total behavior
problems: maternalreport end of K year

(5) Total behavior
problems: teacher-report
end of K year

−0.06*

0.08***

−0.04

0.15***

0.12**

(0.03)
0.14**

(0.02)
−0.06∼

(0.03)
0.08

(0.03)
−0.04

(0.04)
−0.07

(0.05)
0.05

(0.03)
0.08∼

(0.06)
0.03

(0.05)
0.15*

(0.05)
−0.10∼

(0.04)
3014
0.61

(0.04)
3014
0.49

(0.05)
2054
0.57

(0.06)
2054
0.44

(0.06)
2054
0.29

Note. Standard errors in parentheses calculated using jackknife replicate weights. Standardized regression coefﬁcients. ∼ p < 0.10. * p < 0.05. ** p < 0.01. *** p < 0.001.
Head Start center-level ﬁxed effects included in model. Covariates (centered at mean): lagged DV, child cohort, child race, child gender, child disability status, child age
at spring 2003 assessment, number of weeks elapsed between 09/01/02 and spring 2003 child assessment, language of baseline child assessment, maternal education,
maternal marital status, caregiver depression, teenage mother status, caregiver age, maternal immigration status, and home language. Weight used = CHSPR2003WTCA for
pre-academic skills end of HS; CHSPR2003WTPI for maternal-report behavior problems end of HS; CHSPR2005WTCA for pre-academic skills end of K; CHSPR2005WTPI for
maternal-report behavior problems end of K; S05TRWTCA PI TS for teacher-report behavior problems end of K.

essentially no differences between treatment and control group
children in how much each additional risk factor decreased their
pre-academic skills at the end of kindergarten.
Model 4 indicates that the more risks control group children
had at baseline, the higher their maternal-reported behavior problems at the end of kindergarten. On average, the maternal-reported
behavior problems of control group children increased for each
additional risk factor they had (ˇ = .15, p < .001), compared with
control group children with no extra risk factors. Using the same
calculation in adding the main and interaction effects, similar to
control group children, the maternal-reported behavior problems
of Head Start children also increased, on average, for each additional
risk factor they had (ˇ = .30), compared with Head Start children
with no extra risk factors. The interaction effect for risk and Head
Start was statistically signiﬁcant. A child assigned to Head Start, on
average, had higher maternal-reported behavior problems at the
end of kindergarten for each additional risk factor they had (ˇ = .15,
p < .05), compared with control children.
To better understand this interaction, Fig. 1 graphically displays
the predicted maternal-report of behavior at the end of kindergarten for a child with one risk factor, the mean number of total
risk factors (about 2.5), and 10 total risk factors. Head Start children
are indicated by the light gray line while control group children are
indicated by the dark gray line. Head Start children have a steeper
slope than control group children as the number of total risk factors
linearly increases. This interaction was more robust than the one
at the end of the program year, achieving formal signiﬁcance.

Maternal-Report of Behavior - K Year
Total Child Behavior Problems

we ﬁrst discuss the results for the control group and then for the
Head Start group.
Model 1 indicates that the more risks control group children
had at baseline, the lower their pre-academic skills at the end of one
academic year. On average, the pre-academic skills of control group
children decreased for each additional risk factor they had (ˇ = −.06,
p < .05), compared with control group children with no extra risk
factors. We compare the scores for Head Start children with cumulative risk to those for Head Start children with no additional risks
by adding the point estimates for the main and interaction effects
of risk. Similar to control group children, the pre-academic skills of
Head Start children decreased, on average, for each additional risk
factor they had (ˇ = −.01), compared with Head Start children with
no extra risk factors. Because the interaction effect was not statistically signiﬁcant, there were essentially no differences between
Head Start and control group children in how much each additional
risk factor decreased their pre-academic skills at the end of the
program year.
Model 2 shows that the more risks control group children had at
baseline, the higher their maternal-reported behavior problems at
the end of one academic year. On average, the maternal-reported
behavior problems of control group children increased for each
additional risk factor they had (ˇ = .08, p < .001), compared with
control group children with no extra risk factors. Using the same
calculation as above in adding the main and interaction effects,
similar to control group children, the maternal-reported behavior
problems of Head Start children also increased, on average, for each
additional risk factor they had (ˇ = .16), compared with Head Start
children with no extra risk factors. The interaction effect for risk
and Head Start was marginally statistically signiﬁcant, providing
suggestive evidence that a child assigned to Head Start, on average, had higher maternal-reported behavior problems at the end of
the program year for each additional risk factor they had (ˇ = .08,
p < .10), compared with control children.
Models 3, 4, and 5 display the results for the end of kindergarten.
Model 3 demonstrates that by the end of the kindergarten, the
statistically signiﬁcant detrimental effect of baseline cumulative
risk for control group children on pre-academic skills had faded,
though it should be noted the point estimate was in the expected
negative direction (ˇ = −.04). Similarly, the statistically signiﬁcant
detrimental effect of cumulative risk for Head Start children on preacademic skills had also faded, though again it should be noted the
point estimate was in the expected negative direction (ˇ = −.01).
The interaction term was also not signiﬁcant. Thus, there were

3.5
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1.5
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1
0.5
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Number of Total Risk Factors
Fig. 1. Predicted maternal-report of behavior problems at the end of kindergarten
for a child with 1 total risk factor, the mean number of total risk factors (about 2.5),
and 10 total risk factors. Interaction signiﬁcant at the p < .05 level.
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Lastly, Model 5 shows that the more risks control group children
had at baseline, the higher their teacher-reported behavior problems at the end of kindergarten. On average, the teacher-reported
behavior problems of control group children increased for each
additional risk factor they had (ˇ = .12, p < .01), compared with control group children with no extra risk factors. Similarly, adding
together the main and interaction effects, the teacher-reported
behavior problems of Head Start children also increased, on average, for each additional risk factor they had (ˇ = .02), compared with
Head Start children with no extra risk factors. The interaction effect
for risk and Head Start was marginally statistically signiﬁcant providing suggestive evidence that a child assigned to Head Start, on
average, had fewer teacher-reported behavior problems at the end
of kindergarten for each additional risk factor they had (ˇ = −.10,
p < .10), compared with control children. This ﬁnding is particularly
interesting given that the point estimate is in the opposite direction
than the point estimate for maternal-report of behavior.
In sum, from the regressions with individual risk factors, we
found evidence that high hyperactive or aggressive activity at
baseline was associated with higher maternal-report of problem
behavior at both time points. From the regressions with the cumulative risk index, we found evidence of a marginally signiﬁcant
detrimental interaction between cumulative risk and Head Start
on maternal-report of behavior problems at the end of the program
year, a signiﬁcant detrimental interaction between cumulative risk
and Head Start on this same outcome at the end of kindergarten, and
a marginally signiﬁcant beneﬁcial interaction between cumulative
risk and Head Start on teacher-report of behavior problems at the
end of kindergarten. We found no signiﬁcant interactions between
risk and Head Start on pre-academic skills at either time point in
models with the individual risk factors or using cumulative risk.
Supplemental analyses
Given the indication that the two behavior risk factors might
be driving the interaction results on behavior between cumulative risk and Head Start, we wanted to test this empirically. We,
therefore, ran regressions omitting these two risk factors from the
cumulative index. Results are presented in the online supplemental
material and indicate that for maternal-report of problem behavior, these two behavior risk factors were entirely responsible for
the negative interaction between cumulative risk and Head Start
as this interaction was no longer signiﬁcant when they were omitted. Interestingly, for teacher-report of behavior, the interaction
between cumulative risk and Head Start remained marginally signiﬁcant even with the omission of the behavior risk factors from
the index. This is consistent with our initial ﬁndings that none of
the interactions between the individual risk factors and Head Start
were statistically signiﬁcant on this outcome.
Further robustness checks. Our primary analysis sample
included both 3- and 4-year-old study children together, with a
covariate for child cohort, because we had no theoretical reason for
separating the two age cohorts and to increase statistical power.
In the absence of hypotheses of age differences therefore, as a further robustness check, we reran our principal analyses separately
for each age cohort to test whether the key ﬁndings were consistent across cohorts. These ﬁndings are presented in the online
supplemental material and indicate the full sample results held
independently for both age cohorts.
Additionally, about ﬁve centers had unusually large concentrations of at-risk children. Our principal results still held even when
we excluded these centers from our analysis.
Discussion
This paper conducted an empirical test of the stated conceptual
goals of the Head Start program using the HSIS: does the Head Start
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program differentially beneﬁt children at greatest risk through its
comprehensive services of preschool education; medical, dental,
and mental health care; nutrition assistance; and efforts to help
parents foster their children’s development. It sought to determine
whether these multiple services provided by the program helped
children at risk in cognitive development, socio-emotional development, health, and family functioning.
Despite positive Head Start treatment main effects, our interaction results were largely negative, suggesting that Head Start
was less effective for higher-risk children compared with the control condition. In other words, we found no evidence that Head
Start was particularly effective in beneﬁtting high-risk children’s
pre-academic skills at either time point using either the individual risk factors or the cumulative risk index. Therefore, although
Head Start increased children’s pre-academic skills, on average,
compared with control group children (at least after the program
year), Head Start did not differentially increase the pre-academic
skills of children whose risk proﬁles matched those targeted by
the Head Start service model. Given Head Start’s ambitious goal of
improving a wide array of developmental outcomes for low-income
children as well as the difﬁculty of increasing young children’s
academic achievement (U.S. DHHS, Final Report, 2010b), especially for high-risk children’s literacy outcomes (DiPrete & Eirich,
2006; Stanovich, 1986; Walberg & Tsai, 1983), these results are not
surprising.
On total child behavior problems, our results varied depending on whether the respondent was the child’s mother or teacher.
Maternal- and kindergarten teacher-report of behavior were only
modestly correlated at .28, consistent with other prior literature
(Achenbach, McConaughy, & Howell, 1987; NICHD ECCRN, 2004;
Stanger & Lewis, 1993; Verhulst & Akkerhuis, 1989) and indicating
they represented two distinct measures of a child’s behavior. Using
the maternal-report, children with higher aggressive or hyperactive behavior at baseline had more behavior problems when
randomly assigned to Head Start than the control condition. In fact,
these two behavior risk factors were entirely responsible for the
marginally signiﬁcant detrimental interaction between Head Start
and the cumulative risk index at the end of the program year and
the signiﬁcant detrimental interaction at the end of kindergarten.
Thus, in the cumulative interactions, a child assigned to Head Start,
on average, had higher maternal-reported behavior problems for
each additional risk factor they had, compared with controls. These
ﬁndings somewhat converge with previous results from the NICHD
Study of Early Child Care and Youth Development that more time
children spent in center-based care was related to less harmonious
mother-child interactions and less maternal sensitivity in the ﬁrst
three years of life (NICHD ECCRN, 1998, 1999).
Conversely, using the kindergarten teacher-report of behavior problems, in the regressions with the individual risk factors,
none of the interactions between the individual risk factors and
Head Start was statistically signiﬁcant. However, the interaction
between the cumulative risk index and Head Start was marginally
signiﬁcant and beneﬁcial. A child assigned to Head Start, on average, had marginally fewer behavior problems for each additional
risk factor they had, compared with control group children. This
marginally signiﬁcant interaction held with further empirical testing when we removed the behavior risk factors from the cumulative
index.
These mixed results on behavior may be at least partially
explained by the amount of time children spend in each care setting and the situational speciﬁcity of what may constitute problem
behavior for each of the respondents (Achenbach, Edelbrock, et al.,
1987; Achenbach, McConaughy, et al., 1987; Verhulst & Akkerhuis,
1989). For example, because children spend several hours in child
care or in kindergarten class, they may come home tired and cranky
from a full day and act out accordingly. Therefore, the maternal
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report of increased problems may have represented a limited snapshot of behavior during the day, based largely on such undesirable
conduct, particularly if the child was prone to problem behavior in
the ﬁrst place.
In contrast, the teacher-report of behavior may have represented a more stable longer-term picture of how a child behaved
throughout the day, allowing teachers more opportunity to see
positive conduct. It appears, therefore, the Head Start program differentially beneﬁtted high-risk children by helping them to behave
better in classroom settings. Thus, Head Start decreased children’s
teacher-reported behavior problems, on average, compared with
control group children and marginally more so for children whose
risk proﬁles matched those targeted by the Head Start service
model. Similarly, Cooper and Lanza (2014) also found some evidence of mixed results on behavior using the HSIS that tended to be
more positive for teacher-report and more negative for maternalreport. Future studies should continue to examine whether the
effects of Head Start on children’s behavior differ depending on
the respondent.
Limitations and future directions
Some study limitations should be noted. First, we used a cumulative risk model comprised of items based on Head Start’s theory of
change model because the program expects that the synergy among
the services offered and the beneﬁts received will help even children at greatest risk with the transition to kindergarten. Ideally,
however, a multifactorial experiment, in which different combinations of the Head Start treatment were offered, would have helped
us ascertain the most cost-effective of Head Start’s “whole child”
services for high-risk children. Since the HSIS was not designed
in such a multifactorial way, we consequently view our analytical
approach as an appropriate, albeit limited, alternative to understand whether Head Start’s comprehensive services were beneﬁcial
for children with differing risk proﬁles. Moreover, since the Head
Start impacts in the HSIS are evaluated relative to counterfactual
conditions, which include other center-based services, and because
our study is an intent-to-treat (ITT) analysis as ﬁtting the nature of
our conceptual test of Head Start, our results are likely conservative estimates of the causal impact of this interaction for high-risk
children who actually participated in the program. Future studies
should make use of such a multifactorial experiment to more deﬁnitively determine which of the program services are most effective
and for which children, as well as to address the Head Start versus
no center-based care comparison.
Second, more discussion is warranted on whether it is better
to conceptualize the risk measure as a set of individual items or
as a summary index, and which most accurately represented children’s experiences prior to Head Start. Prior research indicates that
cumulative risk models provide a more comprehensive and precise
representation of a child’s disadvantage than examining each factor individually (Garmezy et al., 1984; Rutter, 1987; Sameroff et al.,
1987, 1993). Consistent with these previous studies, the majority
of the children in the HSIS sample had between two and ﬁve risk
factors, and interactions between the cumulative risk index and
Head Start were at least marginally signiﬁcant in three out of our
ﬁve models. Thus, given the multiple services approach of Head
Start to provide preschool education; medical, dental, and mental
health care; nutrition assistance; and efforts to help parents foster
their children’s development, the cumulative risk index is the most
conceptually and arguably empirically matched to program goals,
with child-level risk factors in this instance more important than
family-level factors for differential program beneﬁts.
Nonetheless, particular components of the index such as high
aggressive behavior and high hyperactive behavior played a primary role in determining these interactions between cumulative

risk and Head Start, at least with regard to maternal-report of
problem behavior. Underlying our stated research question on
the extent to which Head Start particularly beneﬁtted children at
greatest risk in the domains targeted by the program’s services to
improve school readiness, was the fundamental premise that an
approach that classiﬁes risk consistently with how it is classiﬁed
by Head Start’s theory of change would best determine if the program is meeting its goals. Therefore, the concept of a risk index
matched to the domains targeted by Head Start has more utility
for policy than a set of individual items given the comprehensive
approach of the program. However, the evidence supporting the use
of such an index for determining differential program beneﬁts for
high-risk children was modest at best. Though we see considerable
value in keeping the risk factors together in a highly conceptually
based index, rather than separating them out individually, this is
still an empirical question requiring further study. We look forward
to future work further conﬁrming this hypothesis.
Lastly, although the risks for this study were aligned with Head
Start goals, the outcomes were limited to widely accepted, standard
academic achievement and behavioral outcomes. We chose these
outcomes precisely because they are so established and reliable.
However, future studies could see how these risk proﬁles affect
children’s development in a more comprehensive outcome framework. The ﬁndings we presented here do not preclude possible
positive outcomes in other areas such as increased access to dental
or mental health care.
In sum, this study tested how well Head Start’s multiple services differentially beneﬁtted children with differing risk proﬁles.
It is the ﬁrst explicit empirical test, based on experimental data, of
the stated conceptual risk-related goals of the Head Start program.
Bioecological theory (Bronfenbrenner & Morris, 2006) expects that
the interactions between a child and their environmental context
may vary depending on the quality of the match of services to
needs as well as the developmental outcome of interest. Consistent with this stipulation, the mixed interaction ﬁndings provided
at least suggestive evidence that Head Start was better able to
effectively individualize the program to improve teacher-reported
behavior rather than pre-academic school readiness. Prior research
has shown that the types of risk factors that Head Start targets to
be more related to behavior than to test scores (Klebanov & BrooksGunn, 2006; Sameroff, 2006; U.S. DHHS, Final Report, 2010b),
and the results from our study largely converge with this ﬁnding. Although attempts to individualize the Head Start program
occur and vary at the center level, there are no systematic or formal guidelines for doing so at the national level (Zigler & Styfco,
2010). Therefore, although the differential beneﬁts of Head Start
for high-risk children are limited, nonetheless children enrolled
should continue to receive services as, on average, the program
boosts pre-academic skills and reduces problem behavior. Future
research should continue to examine ways to help Head Start be
more responsive to the individual needs of high-risk children and
families, particularly in the cognitive domain, providing them with
higher levels of support than they currently receive.
Appendix A. Supplementary data
Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.ecresq.2015.08.
001.
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