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a b s t r a c t
New Mexico is one of 44 U.S. states offering a public pre-K program for children at age 4. State models
for pre-K vary in terms of availability, policies related to classroom quality, and populations of children served. In this study, we pool data from ﬁve successive cohorts of children (total N = 5218) using
regression-discontinuity models to estimate the impacts of participating in New Mexico’s pre-K program
on young children’s language, literacy, and math skills at kindergarten entry. Positive, statistically significant impacts of pre-K were found for each of these academic domains. Due to the high level of diversity
in our sample, it was also possible to examine pre-K impacts separately for White, Hispanic, and Native
American children. The largest impacts were found for White and Hispanic children, with less consistent
and more modest impacts for Native American children. These ﬁndings suggest that while New Mexico’s
pre-K program generated academic beneﬁts for children, not all groups of children beneﬁted equally, and
further information is needed to understand the reasons for these differences.
? 2020 Published by Elsevier Inc.

1. Introduction
One-third of 4-year-olds in the U.S. participate in state-funded
prekindergarten (pre-K) programs during the year before entering kindergarten, and these initiatives are now offered by 44 states
and the District of Columbia (Friedman-Krauss et al., 2020). Both
child enrollment levels and state ﬁnancial investments in state preK have increased dramatically over the past two decades. During
the 2018–2019 school year, states collectively invested more than
$8.75 billion in pre-K programs designed to prepare children for
success in kindergarten and beyond. Large-scale and rapid growth
in the state pre-K sector, variation between states in the pre-K models employed, and population differences across U.S. states create
a context where more research is needed about the effectiveness
of individual state pre-K programs. This study examines cognitive
outcomes associated with the New Mexico PreK initiative, employing child assessment data gathered during the initiative’s ﬁrst ﬁve
years of operation. Because this program serves large numbers of
Hispanic and Native American children in line with the state’s population, we are able to examine pre-K impacts by child race and
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ethnicity in order to assess the effectiveness of the program for
children from diverse backgrounds.
Momentum for the earliest state pre-K initiatives began to grow
during the 1960s, the same decade in which the federal Head Start
program began. However, the majority of the currently operating state pre-K initiatives were established much more recently,
in the 1990s or afterward (Friedman-Krauss et al., 2020). These
current initiatives have goals related to school readiness and are
informed by a growing evidence base about the impacts of early
childhood education programs on young children’s development.
Many state pre-K programs also aim to close achievement gaps
at kindergarten entry in order to level the playing ﬁeld between
ethnic/racial minority children and their non-minority peers. Initial evidence that informed the design of state pre-K initiatives
focused on research from relatively small-scale model programs,
where longitudinal follow-up data has been gathered well into
the adult lives of participating children. Key outcomes identiﬁed
in such research (e.g., Campbell et al., 2012; Reynolds, Temple, Ou,
Arteaga, & White, 2011; Schweinhart et al., 2005) include improved
high school graduation rates, lower involvement in crime and lower
arrest rates, and higher levels of educational attainment at age 30.
However, statewide pre-K initiatives differ in important ways from
the programs involved in these seminal studies: State pre-K initiatives are now offered at a much larger scale; the historical context
has changed signiﬁcantly, with preschool participation rates much
higher now than they were several decades ago; and the popula-
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tion of children served by such initiatives has changed (Barnett,
Friedman-Krauss, & Weiland, in press).
1.1. Findings from studies of state Pre-K
As state pre-K programs began to expand, researchers conducted evaluations of these emerging models, though in general
the initial state studies suffered from serious methodological problems (Gilliam & Zigler, 2000). One key limitation of early state pre-K
studies involved specifying an appropriate comparison group to
accurately estimate the impacts of pre-K participation. Children
whose parents enroll them in pre-K may differ in a variety of ways
from those whose parents do not; thus, the speciﬁcation of comparison groups is a critical design issue. More recent studies have
used techniques including regression-discontinuity designs (RDD)
based on age-eligibility cutoffs (e.g., Barnett et al., 2018; Gormley,
Gayer, Phillips, & Dawson, 2005), as well as randomized control trials (RCTs; e.g., Lipsey, Farran, & Durkin, 2018), both in an effort to
identify more equivalent comparison groups and reduce bias in the
estimation of program effects.
A number of methodologically rigorous studies have now examined the overall effectiveness of single-state pre-K models. These
individual studies have made important contributions to the development of a national knowledge base about public pre-K impacts
in the U.S. (e.g., Phillips et al., 2017; Yoshikawa et al., 2013), given
that there are notable differences between pre-K models being used
in different states rather than a single nationwide model. In general, single-state studies have shown positive impacts of state pre-K
on children’s language, literacy, and math skills when measured at
kindergarten entry. Domains such as children’s health and socialemotional development have been much less frequently examined
(Yoshikawa et al., 2013). Regression-discontinuity studies of preK programs in states including Arkansas (Hustedt, Jung, Barnett,
& Williams, 2015), Georgia (Peisner-Feinberg, Schaaf, LaForett,
Hildebrandt, & Sideris, 2014), North Carolina (Peisner-Feinberg &
Schaaf, 2011), and Oklahoma (Gormley, Phillips, & Gayer, 2008)
each provide evidence of positive academic impacts associated
with these models, when children enter kindergarten. In Tennessee,
Lipsey et al. (2018) conducted an RCT where researchers assigned
children to participate in pre-K or to a control condition; this was
possible because demand for pre-K slots greatly exceeded the number of slots available. An RDD component of this study was used to
estimate pre-K impacts at kindergarten entry, while the RCT component adds to the study’s methodological rigor and was used to
provide estimates of possible pre-K impacts through third grade.
Results from the RCT study show positive academic impacts of state
pre-K measured at the end of the pre-K year, a ﬁnding consistent
with other state studies. However, estimated pre-K impacts were
no longer statistically signiﬁcant by ﬁrst grade and in some cases
were negative during the elementary school years.
Another set of state pre-K studies has used common analytic strategies to examine pre-K impacts across groups of states
where similar data are available. An early RDD study of state preK (Wong, Cook, Barnett, & Jung, 2008) incorporated data from
ﬁve distinct state programs, showing generally positive impacts
across emergent literacy, mathematics, and language as measured
at kindergarten entry. A common RDD approach and consistent
data collection procedures were used in each state. A more recent
study of eight state pre-K programs (Barnett et al., 2018) incorporated new data from several of the original ﬁve states, as well
as data from three additional states. More advanced data analysis strategies including sensitivity analyses were used with these
RDD models to better address threats to validity, consistent with
methodological advances after the earlier study was completed.
Again, a key ﬁnding across a broad set of state pre-K programs was
that the greatest pre-K impacts related to children’s early literacy
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skills, with an estimated weighted average effect size of 1.10 standard deviation (SD). Estimated average impacts of 0.44 SD were
found for mathematics and 0.24 SD for language, across the eight
states. In general, ﬁndings from multi-state studies of pre-K are
consistent with ﬁndings from studies examining pre-K impacts in
single states, including the ﬁnding that the largest pre-K impacts
were in the domain of early literacy.
1.2. Moving beyond average impacts of state Pre-K
The research described previously is consistent in showing that
state funded pre-K programs have positive effects on children at
kindergarten entry, though the magnitude of the effects does differ
across state pre-K models. Typically, evaluations of publicly-funded
pre-K have examined overall effectiveness of these programs rather
than examining impacts separately for different groups of children.
Yet, pre-K programs may not be equally effective for all children.
For example, do children with different types of strengths, different prior family or cultural experiences, or experiencing different
risks, beneﬁt in similar ways? This is especially relevant in the
context of publicly-funded pre-K, where eligibility is frequently
determined on the basis of risks including poverty. Additionally, a
goal of many pre-K programs is to promote equity for all children.
Therefore, of particular interest in the current study is whether
there are differences in pre-K impacts across racial and ethnic
groups, including White, Hispanic, and Native American children.
While differences in race and ethnicity promote diversity and do
not themselves connote risk, racism imparts risk, and ethnic minority families experience heightened levels of poverty and attendant
risks in comparison to non-minority families. A key goal of public
pre-K programs, including New Mexico PreK, involves providing
supportive early learning experiences that promote equity for children and families from racial and ethnic minority groups. Thus,
understanding the extent to which pre-K programs beneﬁt diverse
groups of children is important.
Prior research shows that, on average, Hispanic and Native
American children tend to enter kindergarten with fewer of the
academic skills necessary to succeed in school compared to their
White peers (Lee & Burkam, 2002; National Center for Education
Statistics, 2008; Reardon & Portilla, 2016; Reardon, 2011). Pre-K
programs have been touted as one method for narrowing achievement gaps linked with race and ethnicity at kindergarten entry
(Friedman-Krauss, Barnett, & Nores, 2016). Also, some evidence
suggests that impacts of early childhood education programs at
kindergarten entry do vary by subgroup (more detail is provided
in the following paragraphs; e.g., Bitler, Hoynes, & Domina, 2014;
Bloom & Weiland, 2015; Gormley et al., 2005; Yoshikawa, Weiland,
& Brooks-Gunn, 2016). Generally, effects tend to be larger for
low-income, non-White, and Dual Language Learner groups. The
Tennessee pre-K study described earlier (Lipsey et al., 2018) examined differences in pre-K impacts based on whether or not children
were native English speakers, and found that non-native English
speakers demonstrated the largest academic gains at the end of
pre-K, especially those with the lowest initial scores at the beginning of the pre-K year. Also, in a recent study of universal pre-K in
Georgia, Early, Li, Maxwell, and Ponder (2019) found that English
Language Learners showed greater math gains by third grade than
children who spoke English at home.
Gormley et al. (2005) examined impacts associated with participation in sites of Oklahoma’s statewide pre-K program within
the city of Tulsa, using an RDD approach. The overall results showed
positive effects of pre-K on young children’s letter-word identiﬁcation, spelling, and early math scores, but the magnitude of impacts
varied by children’s race/ethnicity. In addition, unique to the Tulsa
study, the Native American subgroup was sufﬁciently large to estimate separate pre-K impacts for Native American children. Pre-K
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impacts were statistically signiﬁcant for White, Black, Hispanic, and
Native American children in each of the measured domains, except
in the domain of early math, where outcomes for Native American
children approached signiﬁcance (p < .10) and outcomes for White
children were nonsigniﬁcant. In each domain, the largest effect
sizes were found for Hispanic children, followed by Native American children. In comparison to White children, effect sizes for Black
children were comparable in letter-word identiﬁcation, smaller in
spelling, and larger in math. In sum, the authors concluded that the
pre-K program beneﬁted children from diverse backgrounds.
Weiland and Yoshikawa (2013) also used an RDD approach to
evaluate a citywide public pre-K initiative in Boston, demonstrating moderate-to-large positive overall effects within the domains of
language, literacy, and math, as well as small but statistically signiﬁcant effects within the less-frequently assessed domains of emotion
recognition and executive function. The effects of the Boston preK program also varied by children’s race/ethnicity: compared to
White children, Hispanic and Asian children each showed significantly greater gains across 8 of the 12 child outcome domains,
while Black children showed signiﬁcantly greater gains for 3 of
12 domains. However, within each racial/ethnic group, not all differences in outcomes remained when sensitivity analyses were
conducted. In general, effects were strongest for Hispanic children.
Findings for letter-word identiﬁcation and early math skills can be
directly compared to the Gormley et al. (2005) study, as the same
assessment tools were used in both studies. For letter-word identiﬁcation, Weiland and Yoshikawa (2013) found the largest pre-K
impacts for Hispanic children, with comparatively smaller but still
statistically signiﬁcant impacts for Black and Asian children. Statistically signiﬁcant impacts were not found for White children. For
mathematics skills, statistically signiﬁcant impacts were found for
children in all racial/ethnic groups, but were largest for Asian and
Hispanic children.
Although prior research is very limited, the ﬁnding that Hispanic
and Black children may show comparatively greater beneﬁts from
pre-K participation at kindergarten entry (Gormley et al., 2005;
Weiland & Yoshikawa, 2013) is consistent with results from studies
using national datasets from children participating in other types of
early childhood education programs. In an analysis of data from the
Head Start Impact Study, Bitler et al. (2014) found the largest effects
for Hispanic and Spanish-speaking children upon completing one
year of Head Start and that the positive effects of pre-K remain for
Spanish-speaking children in ﬁrst grade. Bloom and Weiland (2015)
also found larger impacts of Head Start for Dual Language Learners
and Spanish-speaking children. Bassok (2010) analyzed data from
the Birth cohort of the Early Childhood Longitudinal Study (ECLSB) and found larger preschool impacts (compared to parental care)
for Black children than for Hispanic or White children. Among Head
Start participants, results suggest that Hispanic children beneﬁted
more than White children, compared to children in parental care.
This study is especially notable because of efforts to statistically
distinguish contributions of family income and race/ethnicity. For
low-income children in the Bassok (2010) study, there was a signiﬁcant main effect of preschool participation, but there were not
racial and ethnic group differences. However, a different pattern of
results emerged for non-low-income children in the same study.
Those who were Black and those from primarily Spanish-speaking
Hispanic families beneﬁted more from preschool than those who
were White. Finally, in a study using state administrative records to
examine longer-term pre-K outcomes from North Carolina’s More
at Four program (Ladd, Muschkin, & Dodge, 2014), impacts on children’s third grade math skills, but not reading skills, were greater
for children whose mothers were Hispanic. Statistically signiﬁcant
differential impacts were not found for children whose mothers
were Black.
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In sum, the evidence suggests that not all children beneﬁt
equally from attending publicly-funded early childhood education
programs. Patterns of results are somewhat variable across different types of public programs, but this overall ﬁnding is concerning,
given that equity and narrowing academic achievement gaps are
often key goals of such programs. Several studies ﬁnd larger impacts
for children who speak a language other than English as well as for
Hispanic children. Only one prior study had an appropriate sample
to examine impacts separately for subgroups of Native American
children, ﬁnding that impacts were slightly larger for Native American than White children but smaller than for Hispanic children
(Gormley et al., 2005). The current study is the ﬁrst to provide estimates of impacts of the New Mexico PreK program for Hispanic
and Native American children, and the ﬁrst pre-K study to examine
impacts for Native American children using a statewide sample.
1.3. State-funded prekindergarten in New Mexico
The New Mexico PreK program was ﬁrst established in 2005
with an initial cohort of about 2000 children and served 4264 children by 2011 (Barnett, Hustedt, Hawkinson, & Robin, 2006; Barnett,
Carolan, Fitzgerald, & Squires, 2011). By the 2018–2019 school year,
38% of New Mexico’s 4-year-olds were enrolled, with a state investment of $68.2 million (Friedman-Krauss et al., 2020). Children are
served in both public school and community-based pre-K settings.
Although the state does not use speciﬁc family income criteria to
determine eligibility for New Mexico PreK, for each site offering
the program there is a requirement that two-thirds of participating children must reside within Title I school attendance zones
(Friedman-Krauss et al., 2020). Further, Census data show that New
Mexico has persistently high rates of child poverty, and in 2015 the
state had the second highest rate of child poverty in the U.S. (Annie
E. Casey Foundation, 2016). While it is not exclusively designed as
a program for children in poverty, New Mexico PreK serves a primarily low-income population. Census data also show that New
Mexico is highly diverse, with no single ethnic group representing a majority of the state’s population (Annie E. Casey Foundation,
2016). In 2010, the total population was 46% Hispanic, 40% White
non-Hispanic, 9% Native American, and 2% Black, with smaller percentages of individuals representing other races or multiple races.
For children age 0–4, even larger proportions of the population
were Hispanic (59%) and Native American (12%), and a smaller
proportion was White non-Hispanic (24%). Thus, the overall population served by New Mexico PreK would be expected to reﬂect a
statewide context of high poverty as well as high levels of diversity.
State policies hold New Mexico PreK sites to high standards
with respect to structural quality, meeting 9 of the 10 quality
standards benchmarks that the National Institute for Early Education Research (NIEER) uses to rate state pre-K initiatives annually
(Friedman-Krauss et al., 2020). In general, this means that the level
of aggregate quality in New Mexico is comparable to required levels of quality in other states where rigorous pre-K evaluations
have been conducted. The NIEER benchmarks address state-level
requirements related to teacher training, maximum class sizes
and staff-child ratios, mandated screenings and referrals, availability of curriculum supports, and presence of a continuous quality
improvement system. In New Mexico, pre-K classes must enroll
no more than 20 children with teacher-child ratios of 1:10 for 4year-olds and additional services such as health screenings and
referrals and meals are required. The state carries out structured
classroom observations and also uses data for program improvement. While other pre-K programs that have demonstrated positive
effects require all lead teachers to have a bachelor’s degree, New
Mexico requires bachelor’s degrees only for lead teachers in public schools, but not in community settings where only a high
school diploma and annual progress towards a bachelor’s degree
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is required. Whether bachelor’s degrees should be an entry-level
requirement for teachers of preschool-age children has been a matter of considerable debate, though a National Research Council
panel (Allen & Kelly, 2015) recently recommended that all lead
teachers of children from birth to age 8 should have bachelor’s
degrees.
1.4. The current study
This study extends prior research on large-scale public pre-K
programs by examining the overall impacts of the state-funded
New Mexico PreK initiative. A novel contribution of our study is
that we are able to examine child outcomes across the program’s
ﬁrst 5 years. Also, our large and diverse sample with high numbers
of Hispanic and Native American participants allows us to investigate potential differences in child outcomes across racial and ethnic
groups. Our two primary research questions are: (1) What are the
overall impacts of the New Mexico PreK program on children’s language, literacy, and math skills at kindergarten entry? (2) To what
extent do impacts in language, literacy, and math skills differ based
on children’s racial/ethnic group membership?
2. Method
2.1. The research model
The current study uses an age-cutoff regression-discontinuity
approach (Barnett et al., 2018; Gormley et al., 2005) to estimate
the effects of attending a single year of the New Mexico PreK program on young children’s cognitive skills. In addition to providing
overall estimates of pre-K impacts, we present impacts by child
race/ethnicity. We pool data from the ﬁrst 5 years of the New
Mexico PreK program between 2005 and 2010 to increase our sample size and the precision of our estimates. Similar procedures were
used for each of the 5 years of the study; exceptions are noted
below. The overall RDD approach in this study involves making
comparisons of two groups of children in a way that minimizes
selection bias, because both groups of children enrolled in New
Mexico PreK. This strategy is a variant of the RDD model (Bloom,
2012; Lee & Lemieux, 2010) that takes advantage of the state’s use of
a strict cutoff, the child’s birth date, to determine eligibility for both
PreK and kindergarten. Children who reach age 4 by August 31 are
eligible to attend PreK, while children who reach age 5 by August 31
attend kindergarten. The treatment group in our study is made up
of children who completed New Mexico PreK the prior school year
and who were starting kindergarten at the time of assessment. The
control group is made up of children just entering the New Mexico
PreK program. Both groups of children attended New Mexico PreK,
but they did so in subsequent years.
2.2. Sampling and participants
Data for the current study come from children who attended
the New Mexico PreK program between the 2005–2006 and
2009–2010 school years. Data were collected at the start of each
school year, beginning in fall 2006, after the ﬁrst cohort of children had completed New Mexico PreK. Two groups of children are
represented: One group where children were in kindergarten and
completed New Mexico PreK the previous year (“treatment”) and
one group where children were just entering New Mexico PreK
(“control”). An assumption of the RDD model is that these two
groups are equivalent on observed and unobserved characteristics
other than their birthdate. State administrators provided lists of
New Mexico PreK sites and numbers of children enrolled at each
site, as well as likely kindergarten destinations for children who
had recently completed PreK.
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In communities offering New Mexico PreK for the ﬁrst time in
the fall of each year, there were not kindergarten children who had
completed PreK; as this is a requirement of our analysis, those communities were excluded from the study until the following year. At
each remaining site, we randomly selected a pre-speciﬁed number
of 4-year-old PreK students to participate in our study, based on
the proportion of New Mexico PreK children statewide enrolled at
that site. Then, PreK children were randomly selected from class
enrollment lists until we had completed the designated number
of assessments. A corresponding number of kindergartners who
attended each site the previous year were randomly selected using
the state’s master enrollment list and were tracked to the elementary schools where they were enrolled in kindergarten. Following
an IRB-approved protocol, consent materials were distributed to
children’s caregivers via PreK or kindergarten classrooms, and children whose families did not provide consent were excluded from
the selection process.
A total of 5218 children are included in our pooled analysis,
including 813 children in fall 2006 (Year 1), 856 children in fall
2007 (Year 2), 1260 children in fall 2008 (Year 3), 1303 children
in fall 2009 (Year 4), and 986 children in fall 2010 (Year 5). Target
sample sizes for each year of the study varied somewhat, depending on availability of funds and the size of the PreK program. The
overall sample is representative of children attending New Mexico
PreK statewide.
Table 1 provides descriptive statistics for the overall sample
used in our RDD analysis. The sample was 51% female. Children
were primarily Hispanic (60%), White (19%), or Native American
(16%), with much smaller proportions of children representing
other racial groups, and 78% of children spoke English as their home
language. About half the children attended New Mexico PreK in
public school settings and the other half in community settings.

2.3. Measures
Child outcomes were measured across three cognitive domains
using standardized, direct assessments.
Language. Children’s language skills were measured using the
Peabody Picture Vocabulary Test, Third Edition (PPVT-III; Dunn &
Dunn, 1997), which speciﬁcally assesses children’s receptive vocabulary and is predictive of general cognitive abilities. Reliability of
the PPVT is good as judged by either split-half or test-retest reliabilities (published reliability = .95). Spanish-speaking children were
tested with both the PPVT and the Spanish-language Test de Vocabulario en Imagenes Peabody (TVIP; Dunn, Padilla, Lugo, & Dunn, 1986).
The TVIP is appropriate for measuring growth in Spanish vocabulary for Spanish-speaking children. Raw scores were used here.
Literacy. Children’s literacy skills were initially measured using
the Print Awareness subtest of the Preschool Comprehensive Test of
Phonological and Print Processing (Pre-CTOPPP; Lonigan, Wagner,
Torgeson, & Rashotte, 2002) in both English and Spanish. The
Pre-CTOPPP was subsequently published in English as the Test
of Preschool Early Literacy (TOPEL; Lonigan, Wagner, Torgesen, &
Rashotte, 2007), with the Print Awareness subtest renamed the
Print Knowledge subtest. The TOPEL was used in Years 2 and 3
of the study, but the Spanish version of the Pre-CTOPPP continued to be used to assess Spanish-speaking children. An alternative
assessment of literacy was used in Years 4 and 5 of this study,
but the measure is somewhat different from the TOPEL and has
not been widely used in research; thus, here we report only
TOPEL outcomes. The TOPEL has been used with both middle- and
low-income samples, and reliability of the subtests is reported
to be good to excellent (test-retest reliability = .89; ␣ = .95).
Print awareness/knowledge items measure whether children recognize individual letters and letter-sound correspondences, and
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Table 1
Characteristics of New Mexico PreK Children Included in Analyses.
Total

Variable
Female
Race
White
Black
Hispanic
Native American
Other Race
Missing
Home Language
English
Non-English
Child has an IEP
Child Outcomes
Language
Math
Literacy

Current Pre-K
(Control)

N

% or M

5218
2661

SD

Current Kindergarten
(Treatment)

N

% or M

51.0

2660
1410

1003
103
3107
849
115
41

19.2
2.0
59.5
16.3
2.2
0.8

4077
1133
147

78.1
21.7
2.8

5192
5182
2904

54.93
12.52
18.80

22.01
5.08
11.42

SD

N

% or M

53.0

2558
1251

48.9

524
55
1554
428
72
27

19.7
2.1
58.4
16.1
2.7
1.0

479
48
1553
421
43
14

18.7
1.9
60.7
16.5
1.7
0.5

2105
548
50

79.1
20.6
1.9

1972
585
97

77.1
22.9
3.8

2647
2630
1482

46.39
9.96
11.64

2545
2552
1422

63.82
15.15
26.26

20.39
4.34
8.44

SD

20.04
4.39
9.11

Note. Language data represent PPVT raw score point increases. Math data represent WJ-III Applied Problems subtest raw scores. Literacy data represent the percentage correct
on the Pre-CTOPPP/TOPEL Print Awareness subtest. Spanish-speaking children were tested using the corresponding Spanish-language version of each instrument.

also whether they can differentiate words in print from pictures
and symbols. Raw scores were used here.
Math. Children’s math skills were assessed using the Applied
Problems subtest from the Woodcock-Johnson Tests of Achievement, Third Edition (WJ-III; Woodcock, McGrew, & Mather, 2001).
For Spanish speakers, the comparable subtest from the Batería
Woodcock Muñoz (Woodcock & Munoz, 1990) was used. WoodcockJohnson subtests are reported to have good reliability (reliability =
.93 for Applied Problems). Raw scores were used here.
2.4. Procedures
Child assessment data were collected during fall of ﬁve successive years beginning in 2006, to examine the impacts of attending
the New Mexico PreK program during each immediately prior
school year. Children were assessed either when they entered PreK
or just after attending PreK, when they entered kindergarten. Child
assessors were trained by researchers with extensive assessment
experience over two days and demonstrated reliability in using
each instrument. The assessments were conducted in the child’s
school as early in the school year as possible, and all assessment
instruments were administered on the same day. The PPVT was
administered ﬁrst to all children in order to gauge children’s English
language skills. Children who spoke Spanish were subsequently
assessed using the TVIP. The literacy and math assessments were
conducted in either English or Spanish, depending on the language
the child’s teacher designated as the child’s dominant language.
When visiting children’s schools to conduct child assessments,
the researchers also gathered information about child age, home
language, race/ethnicity, gender, and IEP status. Additional information about the New Mexico PreK sites children attended was
provided by state administrators, including whether the program
was offered by a public school or a community organization.
2.5. Data analysis
We used an age cutoff RDD approach to estimate the effects of
attending New Mexico PreK on child outcomes (e.g., Barnett et al.,
2018; Gormley et al., 2005). This analytic approach takes advantage
of New Mexico’s birth date cutoff for PreK eligibility where children
were required to be age 4 no later than August 31 to be eligible that
fall. Two groups of children – one group that met the age cutoff and a
second group that did not – are compared using the RDD approach.

These two groups of children are expected to be similar on observed
and unobserved characteristics other than age. All children participated in New Mexico PreK but children in the two groups attended
the program during different school years. The treatment group
for our analyses consists of current kindergartners who completed
PreK during the prior school year. The control group consists of
children currently enrolled in PreK, tested at the beginning of their
PreK year. Our primary RDD analyses were instrumental variable
(IV) models in order to handle “fuzzy” cases that violate the birth
date cut-off assignment rule. Although the number of “fuzzy” cases
was minimal in this sample (1%), we use age eligibility for New
Mexico PreK as an instrument for actual participation. In order to
examine the possibility that there was manipulation of child placement relative to the age cutoff, we plotted the density of children’s
age relative to the cutoff. Fig. 1 shows that child placement was not
manipulated at the New Mexico sites.
The equation that we used to estimate the effect of participation
in New Mexico PreK was:
Y ij = ˇ0 X ij +ˇ1 (PreK)ij +ˇ2 g(AV)ij +ˇ3 Dk +ˇ4 C ij +ijk
Where Y is the child cognitive test score for child i in school j, X is
a vector of child characteristics, PreK is a binary variable that equals
1 if the child participated in New Mexico PreK already and 0 if the
child just entered New Mexico PreK, g(AV) is a smooth function of
the age variable, D represents school district ﬁxed effects, C represents the cohort (i.e., year 1 of New Mexico PreK) and ⑀ is the error
term. Child covariates include child race/ethnicity, home language,
and gender, if the child had an IEP, and language of testing. We also
controlled for the number of days between the beginning of the program and testing as well as if the program was in a public school or
community organization. This model was re-estimated separately
for racial/ethnic subgroups of children. T-tests were used to determine if effects sizes differed signiﬁcantly between White, Hispanic,
and Native American children.
Our primary analysis estimated the impacts of New Mexico PreK using a 6-month window around the kindergarten entry date.
In addition, we developed models employing samples using both
wider (12-month) and narrower (3-month) windows around the
cutoff. Further, we estimated the optimal bandwidth of each outcome measure (following Lee & Lemieux, 2010) and our subsequent
analyses used models based on the optimal bandwidth selected. We
also conducted the McCrary (2008) to explore if there was a discon198
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Fig. 1. Density of Observations around the Age Cutoff.

Table 2
Estimated New Mexico PreK Impacts from Regression-Discontinuity Analysis.
Empirically Identiﬁed
Functional Form

Linear,
6 months

Quadratic, 6
months

Cubic,
6 months

Truncated at 3
months

Truncated
at 12
months

Language

Linear

Math

Linear

Literacy

Linear

5.90***
(1.51)
1.94***
(0.34)
7.99***
(1.10)

6.31***
(1.55)
2.16***
(0.35)
7.30***
(1.08)

6.13***
(1.68)
1.92***
(0.38)
7.07***
(1.38)

6.92**
(2.23)
2.06***
(0.48)
6.68***
(1.56)

4.57***,a
(1.20)
1.87***,a
(0.28)
9.21***
(0.73)

Note. Robust standard errors are in parentheses. Language data represent PPVT raw score point increases. Math data represent WJ-III Applied Problems subtest raw score
point increases. Literacy data represent increases in the percentage correct on the Pre-CTOPPP/TOPEL Print Awareness subtest. Spanish-speaking children were tested using
the corresponding Spanish-language version of each instrument.
a
A cubic functional form was selected rather than a linear functional form.
***
p < .001.

tinuity in the assignment variable at the cutoff. These analyses did
not show any evidence of manipulation of the assignment variable.

3. Results
We estimated overall impacts of attending one year of New
Mexico PreK on children’s language, literacy, and math skills at
kindergarten entry, using regression-discontinuity models. In the
interest of taking advantage of a large sample size while still providing more precise estimates of pre-K effects around the kindergarten
cutoff than 12-month models that are frequently used, our primary
ﬁndings are the results from IV models employing a 6-month time
window around the kindergarten cutoff date. These results, as well
as ﬁndings from models using 3- and 12-month windows around
the cutoff, are depicted in Table 2.
Results from our primary 6-month models show that children
who completed one year of New Mexico PreK just prior to entering kindergarten demonstrated statistically signiﬁcant increases (p
< .001) in language skills, math skills, and early literacy skills. We
explored linear, quadratic, and cubic functional forms to ensure
we modeled the correct relationship between the assignment variable and the outcomes. The preferred functional form was linear for
all outcome measures, though overall quadratic and cubic models
were also statistically signiﬁcant. We tested additional regression
models employing samples with 3- and 12-month windows around
the kindergarten cutoff date. Again, we found statistically signiﬁcant (p < .001) increases in children’s language, math, and early
literacy outcomes.

In Table 3, we present effect sizes for the overall sample. Again,
three sets of separate RDD models representing 6-, 3-, and 12month windows around the kindergarten cutoff date were used.
The estimated effect sizes were similar across these three sets of
models. We found the largest effect sizes for the measure of early
literacy, consistent with prior research. For the 6-month sample,
estimated effect sizes were 0.29 for language (p < .001), 0.45 for
math (p < .001), and 0.95 for early literacy (p < .001). Our sensitivity analyses showed that the estimated effects of New Mexico PreK
were robust across 6-, 3-, and 12-month bandwidths.
3.1. Impacts by children’s race and ethnicity
To examine potential differences in New Mexico PreK outcomes
based on children’s race and ethnicity, we estimated outcomes separately for Hispanic, White, and Native American subsamples of
children (see Table 4). These three groups represent 95% of the total
sample for this study. While prior studies (e.g., Gormley et al., 2005;
Weiland & Yoshikawa, 2013) have also estimated pre-K outcomes
for subsamples of Black children, consistent with the overall New
Mexico population, this group was not well represented in our sample (only 2%). Fig. 2 shows effect sizes by racial and ethnic subgroup
for each of the child outcome measures. All effect sizes are calculated based on the results from models employing a 6-month time
window around the kindergarten cutoff date.
In each domain, effect sizes were largest for White children,
somewhat lower for Hispanic children, and lowest for Native
American children. Effect sizes for Native American children were
much more variable than estimates for the other groups. Language
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Table 3
Estimated Effect Sizes of New Mexico PreK Participation Using Different Bandwidths
around the Age Cutoff.
Effect Size

Language
Math
Literacy

Fig. 2. Estimated New Mexico PreK Effect Sizes.
Estimated NM PreK effect sizes for White, Hispanic, and Native American children. Language data represent PPVT raw score point increases. Math data represent
WJ-III Applied Problems subtest raw score point increases. Literacy data represent increases in the percentage correct on the Pre-CTOPPP/TOPEL Print Awareness
subtest. Spanish-speaking children were tested using the corresponding Spanishlanguage version of each instrument.

impacts were modest for all children and statistically signiﬁcant
for White (0.37 SD) and Hispanic (0.21 SD) children but not for
Native American children (0.18 SD). Math impacts were also statistically signiﬁcant for White (0.78 SD) and Hispanic (0.42 SD)
children but not for Native American children (0.01 SD). However,
unlike language impacts that were all modest, the magnitude of
math impacts varied from large for White children to null for Native
American children. Also, the difference between the magnitude of
math impacts for White and Native American children was statistically signiﬁcant (p < .01). Literacy impacts measured for the ﬁrst
three cohorts of children were uniformly large and statistically signiﬁcant for all racial and ethnic groups: White (0.93 SD), Hispanic
(0.90 SD), and Native American (0.76 SD).
4. Discussion
Our overall ﬁndings show that children who participated in
the New Mexico PreK program at age 4 beneﬁted with positive
impacts on language, literacy, and mathematics outcomes. In general, these results suggest that PreK participants in New Mexico
entered kindergarten more academically ready to succeed compared to those who did not attend the program. Although this
study was conducted early during the implementation process for
a new initiative, child outcomes associated with New Mexico PreK
are consistent with outcomes measured in other studies of public
prekindergarten programs. Children in our sample are demographically similar to children enrolled in New Mexico PreK today, and
program standards today are also similar to those by the end of
the data collection period. While the program has now scaled up
and expanded, since its inception it has been a statewide program
covering geographically diverse regions of the state.
A unique strength of our research design is that it was possible to pool data across ﬁve cohorts of PreK participants, resulting
in a large sample size. Another strength of the study is that our
research design and sampling strategy allowed us to collect data in
all New Mexico PreK sites statewide, with participants proportionally added to the overall sample based on the size of their pre-K
site. Given that the state PreK program operates in rural and more
remote areas of the state as well as larger cities, and in both public and community-based settings, this approach ensured that the
broad diversity across program sites was fully represented. Due to
the high level of racial and ethnic diversity in both the State of New
Mexico and its prekindergarten program, our sample also was sufﬁciently large for us to estimate impacts separately for Hispanic,
White, and Native American PreK subgroups. This approach recog-

6 month
bandwidth

3 month
bandwidth

12 month
bandwidth

0.29***
0.45***
0.95***

0.34**
0.47***
0.79***

0.22***,a
0.43***,a
1.09***

Note. Effect sizes are calculated using the control group (PreK) sample standard
deviations. Effect sizes from the models using a 6-month bandwidth around the
age-eligibility cut-off are the preferred models. Language data represent PPVT raw
score point increases. Math data represent WJ-III Applied Problems subtest raw
score point increases. Literacy data represent increases in the percentage correct on
the Pre-CTOPPP/TOPEL Print Awareness subtest. Spanish-speaking children were
tested using the corresponding Spanish-language version of each instrument.
a
A cubic functional form was selected rather than a linear functional form.
**
p < .01.
***
p < .001.

nizes strengths linked with race and ethnicity while at the same
time allowing us to examine whether potential achievement gaps
are narrowed as a result of attending state pre-K.
Consistent with ﬁndings from two key citywide studies
(Gormley et al., 2005; Weiland & Yoshikawa, 2013) where similar subgroup estimates were possible, we found positive overall
impacts of New Mexico PreK, as well as positive impacts in some
academic outcome areas for children in each racial and ethnic
group for which analyses were conducted. Although the body
of existing research on potential racial and ethnic group differences in preschool impacts is small, this literature suggests that
Hispanic children generally experience the most consistently positive outcomes, in comparison to children in other subgroups,
including White children. However, somewhat different patterns of results have emerged in different states. For example,
Montrosse-Moorhead, Dougherty, La Salle, Weiner, and Dostal
(2019) estimated impacts of attending Connecticut’s state pre-K
program by racial/ethnic subgroup and found positive impacts at
kindergarten entry across 3 of 4 academic domains for Black children, 2 of 4 domains for White children, and no positive impacts for
Hispanic children. In addition to public pre-K studies, studies examining impacts by race and ethnicity also include samples from Head
Start and other types of early childhood programs (e.g., Bassok,
2010; Bitler et al., 2014; Bloom & Weiland, 2015).
Just as state pre-K initiatives and eligibility criteria differ, states’
populations, primary ethnic groups, and experiences with poverty
differ. This may have implications when interpreting the results
from pre-K studies conducted in very different contexts. Although
children in different states may share a common race or ethnicity, that does not mean that they share common experiences in
day-to-day family, school, or community settings, or that they
share a common history, particularly in tribal contexts. The Tulsa
study (Gormley et al., 2005) is the only prior study of pre-K to
separately estimate outcomes for children from Native American backgrounds. While Gormley et al. (2005) found the largest
impacts of state pre-K for Hispanic children, they also found consistently positive impacts for Native American children. Effect sizes
for White children were comparable to, or in some cases smaller
than, those for Native American children.
In New Mexico, we found consistent positive beneﬁts for Hispanic children, although effect sizes in our study were largest for
White rather than Hispanic children. Child outcomes within the literacy domain were largest and most consistent across racial and
ethnic groups. Child math outcomes were much more variable,
with stark differences between groups. In New Mexico, there were
relatively large math impacts for White children, more moderate
impacts for Hispanic children, and no measured impacts of state
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Table 4
Estimated New Mexico Pre-K Impacts by Race/Ethnicity from Regression-Discontinuity Analysis.
White

Language
Math
Literacy

Hispanic

Native American

b

(SE)

p

b

(SE)

p

b

(SE)

p

7.51
3.41a
7.82

(3.56)
(0.85)
(3.05)

*
***
*

4.36
1.82
7.62b

(1.96)
(0.45)
(1.36)

*
***
***

3.67
0.06a
6.43b

(4.24)
(0.89)
(2.05)

**

Note. Robust standard errors are in parentheses. Language data represent PPVT raw score point increases. Math data represent WJ-III Applied Problems subtest raw score
point increases. Literacy data represent increases in the percentage correct on the Pre-CTOPPP/TOPEL Print Awareness subtest. Spanish-speaking children were tested using
the corresponding Spanish-language version of each instrument.
a
Estimated effects of NM PreK on children’s math are statistically signiﬁcantly larger for White than Native American children (p < .01).
b
A quadratic functional form was selected rather than a linear functional form.
*
p < .05. ** p < .01. *** p < .001.

pre-K on Native American children’s math scores. The Tulsa study
(Gormley et al., 2005) also found wide disparities in math outcomes,
though in that study the largest impacts were found for Hispanic
children, with no impacts for White children.
One possible explanation for the differences in results between
New Mexico and Tulsa, particularly with regard to the Native
American children, is that in our study children were geographically dispersed throughout the state, while in the Tulsa study
(Gormley et al., 2005), they all resided in a single city. Therefore,
in New Mexico, Native American children may be enrolled in a
broader variety of pre-K settings than their counterparts in Tulsa,
potentially including less diverse programs and programs of lower
quality. It is also important to consider the relationship between
poverty and children’s academic skills. We were not able to gather
family income data on the children in the current study and this is a
limitation. However, on average, the participants in our study likely
experienced high levels of economic disadvantage irrespective of
their racial or ethnic group membership, since New Mexico has
high overall child poverty rates and further targets high-poverty
communities for PreK. Also, Native American families may deﬁne
poverty in different non-material ways than in other cultures,
and there are a variety of economic, demographic, and cultural
differences across the numerous Native American tribes within
New Mexico (Hollis, 2012). Some researchers have argued that
between-group differences in areas such as kindergarten readiness can potentially be explained by variations in family income
that are associated with racial and ethnic group membership. It is
possible that certain children beneﬁt the most from pre-K because
they are most economically disadvantaged, and Native American
children in New Mexico have higher poverty rates than children
in the state’s overall population (Hollis, 2012). It might then be
expected that Native American children would derive greater beneﬁts from participating in New Mexico PreK than children from
other racial/ethnic groups, but that was not the case in our study.
However, Bassok (2010) found that among non-low-income families, Black and Spanish-speaking Hispanic children derived greater
beneﬁts from participation in early childhood programs than White
children, suggesting that relationships between poverty, race, and
children’s academic skills are complex.
When interpreting the results of this study, the characteristics
of the New Mexico PreK programs attended by children of different racial/ethnic backgrounds should also be considered. That is,
one possible reason for the differences in the size of child outcomes could be that children of different ethnic/racial backgrounds
attended different types of programs. Valentino (2017) found that
ethnic/racial minority children in state pre-K were more likely to be
in low-quality classrooms. In the current sample (Friedman-Krauss,
Hustedt, Jung, Barnett, & Slicker, 2019), White children were signiﬁcantly more likely to attend New Mexico PreK in community
organizations than public schools. And Native American children
were signiﬁcantly more likely to attend New Mexico PreK in public
schools than community organizations. There were no differences

in types of setting for Hispanic children. It might be expected that
impacts are larger for children in public schools where teachers
were required to have a bachelor’s degree in early childhood education – and where Native American children also tended to attend
PreK. However, data collected in our study show that observed
quality was higher in New Mexico PreK programs in community
organizations than public schools during the ﬁrst few years of New
Mexico PreK (Friedman-Krauss et al., 2019). This is possibly because
community-based programs had a longer history of providing early
childhood education programs, prior to the establishment of this
initiative.
In addition to differences in the match between student characteristics and program characteristics, it is important to consider
the possible role of teacher characteristics. First, though state policy required teachers to have a bachelor’s degree in public school
settings, it is likely that during the ﬁrst few years of New Mexico
PreK, teachers were still working towards this goal. Another consideration is whether certain teachers may be particularly attuned to
the needs and cultural backgrounds of children in their communities. For example, the teachers in community-based programs may
be more likely to share cultural and/or linguistic backgrounds with
children in their classrooms. Teachers with more knowledge about
their students can individualize instruction and other classroom
experiences based on this knowledge. Speciﬁc to our study, teachers with greater awareness of Native American children’s home
traditions also may be more successful in forming partnerships
with families and reﬂecting those traditions in New Mexico PreK
classrooms. While we only collected data about children and programs, data about teachers may make a valuable contribution to
understanding our ﬁndings about PreK impacts for Native American
children. Thus, data about teachers’ educational qualiﬁcations and
demographics should be collected and analyzed in future studies.
Data about teacher experiences and training, including trainings on
cultural sensitivity, would also be valuable. Further, there are likely
to be changes in teacher skills, effectiveness, and qualiﬁcations over
time, as preschool initiatives such as the one in New Mexico mature.
It is important to recognize that that our regressiondiscontinuity approach can only be used to estimate the unique
impacts of New Mexico PreK participation after the conclusion of
the PreK year, but prior to academic gains linked with subsequent
school experiences. Therefore, we cannot determine if the impacts
identiﬁed here persist as children move through elementary school.
Pre-K studies using research designs that permit comparisons further into elementary school (e.g., Early, Li, Maxwell, & Ponder, 2019;
Hill, Gormley, Adelstein, & Willemin, 2012; Jung, Barnett, Hustedt,
& Francis, 2013; Lipsey et al., 2018) show more mixed results than
studies of pre-K impacts at kindergarten entry, though children’s
experiences throughout elementary school contribute to their later
skills in ways that are difﬁcult to measure. Finally, it is worth noting that data for the current study were collected early during the
implementation process, while the New Mexico PreK program was
quickly expanding. Although our pooled analyses control for pos201
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sible differences in PreK impacts across successive years of data
collection, it is possible that impacts of the New Mexico PreK program would be greater if measured during a more mature phase
of the program when growth had stabilized and sites and staff
members had more experience offering this initiative.

5. Conclusions
A key goal of state-funded pre-K programs is to better prepare
children for success when they enter kindergarten. In general, the
evidence from our study suggests that New Mexico PreK accomplished that goal for each of the academic outcomes examined.
Yet, not all children experienced equally positive outcomes, and the
smallest beneﬁts accrued to Native American children. Our results
show that for children who participated in New Mexico PreK there
were differences in early learning prior to kindergarten entry for
Native American children in particular. While these ﬁndings suggest a need for additional support for Native American children
in this program in order to promote equity, the reasons for the
observed racial and ethnic group disparities in PreK impacts need
to be better understood. One issue that would beneﬁt from further
exploration relates to family socioeconomic status and economic
strain (Hurwich-Reiss, Watamura, Raver, & the BTS Consortium
Principal Investigators, 2019). While state pre-K initiatives often
determine eligibility based on family income, there may be important differences even among families at high risk levels that have
implications for family functioning. On average, some racial and
ethnic groups may experience greater levels of disadvantage than
others, though diversity and strengths within those groups must
be recognized. Without more nuanced data on family poverty and
associated measures of risk, subgroup analyses based on children’s
race and ethnicity only tell part of a larger story about the relative
beneﬁts of state pre-K programs for different groups of children.
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