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Prior  research  indicates  that  preschool  classroom  quality  is  positively  associated  with  children’s  emer-
gent academic  skills  at the end  of the  preschool  period,  but these  associations  appear  to  diminish  during
kindergarten  (K). To  consider  the  accumulation  of  classroom  experiences  during  preschool  and  K,  data
were drawn  from  a sample  of children  (N =  1015)  who  participated  in state-funded  pre-K  programs  across
six states  and  were  followed  into  the  spring  of  K.  We  examined  if pre-K  and K  classroom  quality  were
associated  with  children’s  language,  literacy,  and  mathematics  skills  in  the spring  of  K after  controlling
for  pre-K  entry  skills,  child  background  demographics,  and other  classroom  covariates.  Classroom  quality
was assessed  with  the  Classroom  Assessment  Scoring  System.  We  found  that additive  cumulative  effects
described  associations  between  classroom  quality  and  children’s  language  and  literacy  outcomes.  For
language  skills,  higher-quality  pre-K  Instructional  Support  predicted  better  K  language  skills  at  all lev-
els of  Instructional  Support  quality  in K, but  higher-quality  K  Instructional  Support  also  contributed  to
the prediction  of better  K language  skills  in an  additive  manner.  For  literacy  skills,  higher-quality  pre-K
Instructional  Support,  Emotional  Support,  and Classroom  Management  predicted  better  K  literacy  skills
at all  levels  of  K  quality,  but each  domain  of K quality  also  contributed  to the  prediction  of  better  K lit-
eracy  skills  in  an  additive  manner.  In contrast,  for  mathematics,  we found  that multiplicative  cumulative
effects  described  associations  between  classroom  quality  and  K mathematics  skills  such that  the  posi-
tive  predictive  effect  of pre-K  Instructional  Support  and  Emotional  Support  was enhanced  as  the  level

of K  quality  increased  in  each  of  these  domains,  respectively.  Moreover,  sensitivity  analyses  revealed
that  higher-quality  pre-K  Instructional  Support  and  Emotional  Support  significantly  predicted  better  K
mathematics  skills  for  children  who  experienced  high,  but  not  average  or low  levels  of  K quality  in these
domains,  respectively.  Implications  are  discussed  in  relation  to classroom  quality  alignment  during  pre-K
and  the  early  elementary  grades.
A large body of research has documented positive, albeit
odest associations between preschool classroom quality and chil-

ren’s emergent academic skills during the preschool period (see
urchinal, 2018 for a review). Yet, despite these encouraging find-

ngs, studies that have followed children into elementary school
enerally find these associations begin to diminish during kinder-
arten (K) and rarely persist into later grades (Anderson & Phillips,
017; Belsky et al., 2007; Burchinal et al., 2008; Choi, Elicker, Christ,

 Dobbs-Oates, 2016; Hindman, Skibbe, Miller, & Zimmerman,

010; Peisner-Feinberg et al., 2001; Wen, Bulotsky-Shearer, Hahs-
aughn, & Korfmacher, 2012; Zucker, Cabell, Justice, Pentimonti, &
aderavek, 2013). Causal evaluation and quasi-experimental stud-
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ies also provide compelling evidence to indicate that preschool
program participation can have positive short-term impacts on
children’s academic skills during the preschool period, but the lit-
erature is less conclusive concerning the longer-term impacts into
elementary school (Phillips et al., 2017; Yoshikawa et al., 2013).
Most of these studies have focused on the long-term impacts of
preschool experience without considering children’s subsequent
school experiences. To address questions about the accumulation
of classroom experiences during preschool and elementary school,
the current study examined the extent to which kindergarten (K)
classroom quality enhanced or diminished the effects of pre-K
classroom quality in relation to children’s academic outcomes at
the end of K.
1. Classroom quality

Vandell and Wolfe (2000) have described process quality as
the actual experiences that children have in their classroom set-

https://doi.org/10.1016/j.ecresq.2018.12.010
http://www.sciencedirect.com/science/journal/08852006
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecresq.2018.12.010&domain=pdf
mailto:rc@unc.edu
https://doi.org/10.1016/j.ecresq.2018.12.010
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ings. The quality of interactions between teachers and children is
ow the most widely accepted index of early childhood classroom
rocess quality (Burchinal, Magnuson, Powell, & Soliday Hong,
015). Socioecological theory and empirical research suggest that
he quality and frequency of teacher–child interactions provide
he foundation for early development (Bronfenbrenner & Morris,
006; Burchinal, 2018; Burchinal et al., 2016). Moreover, while
hildren appear to benefit from attending a center-based early
hildhood education program, development is clearly enhanced
hen children’s interactions with their teachers are cognitively

timulating, emotionally supportive, and well-organized (i.e., high-
uality; Phillips et al., 2017; Yoshikawa et al., 2013). In the current
tudy, we focused on classroom process quality in pre-K and K pro-
rams as assessed by the Classroom Assessment Scoring System
CLASS; Pianta, La Paro, & Hamre, 2008), which is a theoretically
nformed and widely used measure of classroom teacher–child
nteractions and organizational features.

The accumulation of higher-quality classroom experiences over
ultiple years of early childhood education is also expected to

lay an important role in early development. These cumulative
ffects could be additive such that more years of higher-quality
xperiences positively contribute and more years of lower-quality
xperiences negatively contribute. They could also be multiplica-
ive such that later high-quality experiences disproportionately
nhance the effect of earlier high-quality experiences and later
ow-quality experiences disproportionately exacerbate the effect
f earlier low-quality experiences. Multiplicative classroom qual-

ty is well aligned with the cumulative model of human capital
cquisition (Cunha & Heckman, 2007). In this model, the concept
f dynamic complementarity is used to describe how investments in
hildren’s skill formation at earlier stages of development serve
s a base for investments at later stages to produce the “skill
egets skill” phenomenon. The concept of dynamic complementar-

ty posits that (1) later investments in children’s skill development
e.g., higher-quality K classrooms in our case) bolster the produc-
ivity of earlier investments (e.g., higher-quality pre-K classrooms);
nd (2) earlier investments will not be productive unless they are
ollowed up by later investments. In the current study, we  explic-
tly examined both additive and multiplicative cumulative effects
f classroom quality in relation to children’s language, literacy, and
athematics skills in the spring of kindergarten (further described

n The Current Study section below).

.1. Preschool classroom quality and academic skills

Many studies report small, but positive associations between
lassroom quality during the preschool period and children’s
oncurrent development of early academic skills (Auger, Farkas,
urchinal, Duncan, & Vandell, 2014; Burchinal, Vandergrift, Pianta,

 Mashburn, 2010; Burchinal et al., 2016; Hamre, Hatfield, Pianta,
 Jamil, 2014; Howes et al., 2008; Keys et al., 2013; Mashburn et al.,
008; Moiduddin, Aikens, Tarullo, West, & Xue, 2012; NICHD Early
hild Care Research Network, 2002; Peisner-Feinberg et al., 2001;
eiland, Ulvestad, Sachs, & Yoshikawa, 2013; Wen  et al., 2012;

ucker et al., 2013). The few studies that have followed children into
lementary school find that these quality-outcome associations
egin to diminish as early as K and too often disappear during later
rades (Anderson & Phillips, 2017; Belsky et al., 2007; Burchinal
t al., 2008; Choi et al., 2016; Hindman et al., 2010; Peisner-Feinberg
t al., 2001; Wen  et al., 2012; Zucker et al., 2013). While multiple
tudies have examined associations between preschool classroom

uality and the concurrent or long-term development of children’s
cademic skills, few studies have examined classroom quality in
oth the preschool and elementary school years in relation to child
utcomes.
ch Quarterly 47 (2019) 218–228 219

We found only two studies that examined multiple years of
classroom quality across the preschool and elementary school peri-
ods. First, a reanalysis of data from the NICHD Study of Early Child
Care and Youth Development by Ansari and Pianta (2018b) exam-
ined the cumulative effects of child care and elementary school
quality. The original analyses of these data found robust, long-term
associations between child care quality—measured between 6- and
54-months of age—and children’s academic and behavioral out-
comes at the end of high school (Vandell, Burchinal, & Pierce, 2016),
but the magnitude of associations was diminished during early ele-
mentary school (Belsky et al., 2007). In their reanalysis of these
data, Ansari and Pianta (2018b) found an additive effect of quality
in relation to ninth grade mathematics such that child care qual-
ity and elementary school quality were both independently related
to ninth grade mathematics (child care + elementary school qual-
ity). Additionally, a multiplicative effect (child care × elementary
school quality) indicated that child care quality was  a stronger pre-
dictor of child outcomes in fifth grade (language/literacy) and ninth
grade (math & language/literacy) if children subsequently experi-
enced higher-quality classrooms in elementary school. While these
studies focused on a measure of emotional support quality dur-
ing early childhood and elementary school, they did not examine
other dimensions of process quality likely to be more proximal to
children’s development of academic skills.

A second study examined the cumulative effects of class-
room quality during pre-K and K in relation to children’s social
and behavioral, but not academic skills (Broekhuizen, Mokrova,
Burchinal, Garrett-Peters, & The FLP Key Investigators, 2016). Using
a birth cohort sample of children in low-wealth rural communi-
ties, Broekhuizen et al. (2016) found that children demonstrated
better social skills and fewer problem behaviors at the end of K
when they experienced two years of higher-quality emotional sup-
port and classroom organization during pre-K and K, while the
social/behavioral skills of children who  only experienced higher-
quality classrooms in either pre-K or K were lower than children
who experienced two years of higher-quality and not reliably
different from children who experienced no years of higher-
quality—providing support for the multiplicative cumulative effect
of classroom quality. Analyses of children’s first grade outcomes in
this same study revealed that children in the two years of higher-
quality group continued to outperform all other groups, except the
higher-quality in pre-K only group—suggesting that higher-quality
experiences in pre-K were driving the benefit of higher-quality
experiences during both years.

Results of the two  aforementioned studies lend support to
the propositions of dynamic complementarity (Cunha & Heckman,
2007). The study by Ansari and Pianta (2018b) demonstrated that
higher quality elementary school classrooms (i.e., later invest-
ments) both added to and enhanced the effects of higher-quality
child care experiences—providing support for the first proposition
of dynamic complementarity; that later investments bolster the
productivity of earlier investments. However, Broekhuizen et al.
(2016) found that experiencing a higher-quality classroom envi-
ronment in pre-K was  only related to child outcomes at the end
of K if children also experienced higher-quality classroom environ-
ments in K—providing support for the first and second propositions
of dynamic complementarity; that later investments bolster the
productivity of earlier investments and earlier investments will not
be productive unless they are followed up by later investments.
Despite the important contributions of these studies, several gaps
remain in the literature examining classroom quality during the
transition from preschool to elementary school, because Ansari and

Pianta (2018b) did not have data to consider the quality of K class-
room environments and Broekhuizen et al. (2016) did not consider
children’s academic outcomes. Additionally, the quality measures
used in both studies were not focused on dimensions of class-
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oom instructional processes, which are likely more proximal to
hildren’s development of academic skills compared to emotional
upport and organizational processes. Our study was  designed to
ddress these gaps and provide additional evidence to support (or
efute) the propositions of dynamic complementarity.

.2. Preschool impacts and subsequent educational contexts in
lementary school

In a related line of research, studies have examined variation
n the longer-term impacts of preschool programming based on
haracteristics of the classroom context in elementary school. The
esults were generally mixed, indicating that preschool impacts
ere sustained into elementary school under both favorable and

nfavorable classroom contexts. Two studies provide examples of
ositive preschool impacts being sustained in more favorable ele-
entary school classroom contexts. The K follow-up study of the
ead Start REDI intervention found that impacts on children’s
roblem solving behaviors were enhanced at the end of K for chil-
ren in higher-quality K classrooms, as measured by the CLASS
Bierman et al., 2014). However, this finding was not evident for

 number of other behavioral and academic skill measures. Simi-
arly, follow-up analyses of the Building Blocks preschool curricular
ntervention found that impacts on children’s math skills were only
ustained into first grade for children whose teachers experienced
dditional math focused professional development (Jenkins et al.,
018). This study also found that long-term impacts were sus-
ained in smaller class sizes. Alternatively, two studies have found
hat preschool impacts on children’s academic skills were more
ikely to be sustained in unfavorable classroom contexts in ele-

entary school, such as classrooms with less emphasis on reading
nstruction (Bierman et al., 2014; Magnuson, Ruhm, & Waldfogel,
007) and larger class sizes (Magnuson et al., 2007). In addition
o evidence of sustained effects in both favorable and unfavorable
lassroom contexts, two recent studies have not found evidence
f variation in the long-term impacts of preschool programming
ased on subsequent classroom contexts (Bassok, Gibbs, & Latham,
018; Jenkins et al., 2018).

It is also worth noting that the persistence of preschool impacts
as also been examined in relation to school-wide context in
lementary school. However, we were unable to examine this
mportant level of analysis in the current study. A K follow-up
tudy of the Chicago School Readiness Project found that interven-
ion impacts on children’s language, literacy, and social–emotional
kills were sustained until the end of K, but only among children
n elementary schools with higher levels of school-wide academic
chievement (Zhai, Raver, & Jones, 2012). Alternatively, positive
mpacts of the Head Start REDI intervention on children’s problem
ehaviors and social competence in K were only evident in schools
ith lower levels of school-wide achievement (Bierman et al.,

014). Several studies have also examined the long-term impacts
f preschool program participation and the intervening role of sub-
equent school contexts (Ansari & Pianta, 2018a; Curenton, Dong,

 Shen, 2015; Jenkins et al., 2018). A study by Ansari and Pianta
2018a) found that positive effects of preschool participation on
hildren’s academic achievement were sustained into fifth grade
or children who subsequently attended high- and moderate-, but
ot low-quality elementary schools. Alternatively, one study found
hat positive effects of preschool programming on children’s long-
erm achievement were reduced after accounting for school-wide

cademic achievement (Curenton et al., 2015). Finally, another
tudy found no evidence that measures of school-wide poverty and
chievement moderated the long-term effects of Head Start pre-K
Jenkins et al., 2018).
ch Quarterly 47 (2019) 218–228

2. The current study

The current study draws on data from the National Center
for Early Development and Learning (NCEDL) Multi-State Study
of Pre-K—a sample of children who participated in state-funded
pre-K programs across six states (Early et al., 2005). The current
study extends previous research based on this sample in com-
bination with a separate, comparable sample of children in five
additional states who  were not followed into K. These previous
studies reported that pre-K CLASS Instructional Support quality
positively predicted children’s language, literacy, and mathemat-
ics skills in the spring of pre-K (Burchinal et al., 2010; Howes
et al., 2008; Mashburn et al., 2008), while CLASS Emotional Support
quality was positively associated with children’s social–emotional
and, albeit less consistently, academic skills in the spring of pre-
K (Mashburn et al., 2008). The current study also extends findings
from a K follow-up of the NCEDL Multi-State Study of Pre-K, which
reported better language and literacy, but not mathematics skills in
the spring of K for children who  experienced higher-quality Instruc-
tional Support in pre-K (Burchinal et al., 2008). CLASS Instructional
Support in K also predicted better language and mathematics skills
in the spring of K in this follow-up study.

The current study extends previous research by examining if
and how the accumulation of higher-quality of classroom envi-
ronments during pre-K and K was  related to children’s language,
literacy, and mathematics skills in the spring of K—after control-
ling for pre-K entry skills, child background demographics, and
other classroom covariates. Moreover, based on regression analy-
ses, we  tested for two  types of cumulative classroom quality effects:
additive and multiplicative. The additive cumulative effect of class-
room quality would be demonstrated by statistically significant and
positive main effects of pre-K and K classroom quality—indicating
that higher-quality pre-K uniformly contributes to the prediction
of K skills at all levels of K classroom quality and that higher-
quality K also contributes to the prediction of K skills. We  also
examined the multiplicative cumulative effect of classroom qual-
ity, which would be demonstrated by a statistically significant and
positive interaction between the pre-K and K quality terms. The
multiplicative cumulative effect of classroom quality would indi-
cate that higher-quality in K disproportionately enhances the effect
of higher-quality in pre-K. Moreover, the multiplicative cumula-
tive effect is well aligned with the two propositions of dynamic
complementarity: (1) later investments in children’s skill devel-
opment bolster the productivity of earlier investments and (2)
earlier investments will not be productive unless they are followed
up by later investments. The statistically significant interaction
term would demonstrate only the first proposition of dynamic
complementarity if a statistically significant main effect of pre-K
classroom quality (i.e., earlier investments) was  enhanced by the
predictive effect of K classroom quality (i.e., later investments). The
statistically significant interaction term would demonstrate both
propositions of dynamic complementarity if a non-significant main
effect of pre-K classroom quality became statistically significant
at higher levels of K classroom quality. Given that prior research
on preschool and elementary school classroom quality has found
evidence of both additive and multiplicative cumulative effects in
relation to children’s academic skills (Ansari & Pianta, 2018b) and
multiplicative cumulative effects in relation to social–emotional
skills (Broekhuizen et al., 2016), we hypothesized that the accu-
mulation of higher-quality classroom experiences would matter in
different ways for the different academic skills considered in this
study (language, literacy, and mathematics), such that the addi-

tive cumulative effect would describe associations with some skills,
but not others, while the multiplicative cumulative effect would
describe associations with some skills, but not others.
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Table 1
Descriptive statistics (N = 1015).

% missing n M (SD)/% Range

Child characteristics
Race (White) 0% 424 42% –
Race (Black) 0% 240 24% –
Race (Latino) 0% 250 25% –
Race (other) 0% 101 10% –
Gender (male) 0% 496 49% –

Family characteristics
Poverty status 6% 952 57% –
Maternal education (years) 2% 996 12.52 (2.20) 8–20

Pre-K classroom characteristics
Hours per week 4% 974 24.19 (13.01) 6.5–60
CLASS IS 0% 1015 2.20 (0.79) 1–4.47
CLASS ES 0% 1015 5.26 (0.72) 2.92–6.87
CLASS CO 0% 1015 4.42 (0.82) 2.13–6.54

K  classroom characteristics
Hours per week 15% 867 27.42 (8.32) 7.5–57.5
CLASS IS 13% 885 1.98 (0.67) 1–5.21
CLASS ES 13% 885 5.45 (0.70) 2.46–6.89
CLASS CO 13% 885 4.67 (0.68) 1.58–6.53

Child outcomes: language
PPVT-3, fall of pre-K 21% 805 92.31 (14.02) 32–134
PPVT-3, spring of K 17% 838 97.35 (12.69) 54–132
OWLS Oral Expression Scale,
fall of pre-K

22% 789 91.08 (12.24) 52–131

OWLS Oral Expression Scale,
spring of K

16% 857 94.69 (12.93) 61–135

Child outcomes: literacy
WJ  III Letter–Word
Identification, spring of K

15% 859 106.47 (12.28) 63–153

CTOPP Phoneme Elisions,
spring of K

30% 710 4.67 (3.06) 0–19

Child outcomes: mathematics
WJ  III Applied Problems, fall of
pre-K

22% 790 97.14 (13.14) 51–135

WJ  III Applied Problems, spring
of K

15% 859 101.31 (11.06) 53–144

Note: K = Kindergarten. CLASS = Classroom Assessment Scoring System.
IS  = Instructional Support. ES = Emotional Support. CO = Classroom Organization.
PPVT-3 = Peabody Picture Vocabulary Test, 3rd edition. WJ  = Woodcock–Johnson.
CTOPP = Comprehensive Test of Phonological Processing. Standard scores (M = 100,
SD  = 15) are reported for the PPVT-3, OWLS, WJ  III Letter–Word ID, and WJ  III
R.C. Carr et al. / Early Childhood R

. Methods

.1. Sample

The NCEDL Multi-State Study of Pre-K was initiated during the
001–02 school year to examine the classroom experiences and
evelopmental competencies of 4-year-old children enrolled in
enter-based pre-K programs across six states (Clifford, Barbarin
t al., 2005). All of the pre-K programs included in this study were
ully or partially funded and operated by state and/or local educa-
ion agencies, while 30% of the children in this sample were enrolled
n programs that also received funding and direction from the fed-
ral Head Start program. The six states included in this study were
elected on the basis of having significant pre-K initiatives. In 2001,
hese states served 43% of all children who participated in state-
unded pre-K programs in the United States and spent 42% of the
unding allocated for state pre-K nationwide (Clifford, Bryant et al.,
005).

The sampling frame for this study involved random selection
f early childhood education sites within four states (Illinois, Ohio,
entucky, and Georgia) and several regions within two  states (Cal-

fornia and New York). Pre-K classrooms were then randomly
elected from sites and four children were randomly selected from
ach classroom. A final sample of 1015 children was recruited from
40 pre-K classrooms. After their pre-K year, the study children
pread to more than 800 different K classrooms.

Descriptive statistics for each analytic variable are provided in
able 1. The average age of children in the sample was  4.56 years
SD = 0.31) in the fall of pre-K and 6.04 years (SD = 0.31) in the spring
f K. About half of the children in the sample were male (49%). Of
he full sample, 42% of children were identified as White by their
arents, 24% as African American, 25% as Latino, and 10% as Other,
hich included Asian American, Native American, and Multiracial

hildren. Based on parental report of family income, 57% of chil-
ren in the sample came from families categorized as below 150%
f the federal poverty line at the time children entered the study,
hile children from families that were categorized above 150% of

he federal poverty line reported a range in family income from
17,500 to $87,500 or greater. The participating children’s moth-
rs had completed, on average, 12.52 years of schooling. Children
pent an average of 24 and 27 hours per week in their pre-K and K
lassrooms, respectively. However, there was a wide range of vari-
bility between children in the number of hours spent in their pre-K
SD = 13) and K (SD = 8) classrooms.

.2. Measures

.2.1. Classroom quality
The Classroom Assessment Scoring System (CLASS; Pianta et al.,

008) was used to assess classroom quality in pre-K and K. Trained
ata collectors conducted live observations in 30-minute cycles on
ultiple days in children’s pre-K and K classrooms. CLASS dimen-

ion scores from all observation days within each school year were
veraged in the current analyses to create dimension scores rep-
esenting pre-K and K classroom quality. The CLASS dimensions
ere measured on a 1–7 scale, with scores from 1 to 2 representing

ow-quality, 3–5 representing mid-quality, and 6–7 representing
igh-quality.

An early version of the CLASS was used for the NCEDL data collec-
ion. For the current study, nine CLASS dimensions were aggregated
nto the three domain scores. The Instructional Support domain
core is a composite of two dimensions (Concept Development

nd Quality of Feedback), the Emotional Support domain score is

 composite of three dimensions (Positive Classroom Climate, Neg-
tive Classroom Climate [reversed], and Teacher Sensitivity), and
he Classroom Organization domain score is a composite of three
Applied Problems measures. Raw scores are reported for the CTOPP measure.

dimensions (Behavior Management, Productivity, and Instructional
Learning Formats). Detailed descriptions of each CLASS dimen-
sion are available from Pianta et al. (2008). The recent version of
the CLASS measure contains two dimensions that did not exist
when the NCEDL data were collected, including Language Mod-
eling and Regard for Student Perspectives, which were added to
the Instructional Support and Emotional Support domains, respec-
tively. However, the domain scores used in the current study are
directly comparable to those used by Downer et al. (2012) in a pre-
vious study using the NCEDL data. Additionally, after the NCEDL
data were collected, a version of the CLASS was  developed for K
through third grade classrooms, but was  not used in the current
study.

The standardized Cronbach’s alpha coefficients for the domain
scores in this sample during pre-K and K indicate adequate reliabil-
ity for Instructional Support (  ̨ = 0.89 and 0.86), Emotional Support
(  ̨ = 0.88 and 0.89), and Classroom Organization (  ̨ = 0.80 and 0.89).
Pairwise correlations among the CLASS domain scores are provided
in Table 2. The Instructional Support domain score was moderately

correlated with Emotional Support and Classroom Organization
domain scores during pre-K (r = 0.51–0.60) and K (r = 0.30–0.44),
while the Emotional Support and Classroom Organization domain
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Table 2
Correlations between classroom quality variables.

(1) (2) (3) (4) (5) (6)

Pre-K classroom quality
1. CLASS IS 1.00
2. CLASS ES 0.51 1.00
3. CLASS CO 0.60 0.83 1.00

K  classroom quality
4. CLASS IS 0.11 0.05 0.01 1.00
5.  CLASS ES 0.19 0.21 0.18 0.30 1.00
6. CLASS CO 0.12 0.11 0.13 0.44 0.74 1.00
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Table 3
Correlations between language, literacy, and mathematics variables.

(1) (2) (3) (4) (5) (6) (7) (8)

Language
1. PPVT-3, fall of pre-K 1.00
2. PPVT-3, spring of K 0.68 1.00
3. OWLS Oral Expression
Scale, fall of pre-K

0.62 0.57 1.00

4. OWLS Oral Expression
Scale, spring of K

0.58 0.62 0.61 1.00

Literacy
5.  WJ  III Letter–Word
Identification, spring of K

0.23 0.26 0.22 0.36 1.00

6.  CTOPP Phoneme
Elisions, spring of K

0.29 0.33 0.29 0.43 0.47 1.00

Mathematics
7.  WJ  III Applied
Problems, fall of pre-K

0.55 0.49 0.56 0.59 0.33 0.36 1.00

8.  WJ  III Applied
Problems, spring of K

0.37 0.44 0.38 0.49 0.43 0.42 0.53 1.00
ote: All correlations at or above 0.11 are statistically significant below the
 < 0.05 level. K = Kindergarten. CLASS = Classroom Assessment Scoring System.
S  = Instructional Support. ES = Emotional Support. CO = Classroom Organization.

cores were correlated at an even greater rate during pre-K (r = 0.83)
nd K (r = 0.74).

The classrooms in this sample generally scored in the low-
uality range on the Instructional Support domain during pre-K
M = 2.20, SD = 0.79) and K (M = 1.98, SD = 0.67); in the mid- to
igh-quality range on the Emotional Support domain during pre-K
M = 5.26, SD = 0.72) and K (M = 5.45, SD = 0.70); and in the mid- to
igh-quality range on the Classroom Organization domain during
re-K (M = 4.42, SD = 0.82) and K (M = 4.67, SD = 0.68). Scores in the

ow-quality range for the Instructional Support domain are com-
only observed in pre-K samples (Choi et al., 2016; Hamre et al.,

014; Moiduddin et al., 2012), while mid- to high-quality scores
f 5, 6, or 7 are rarely observed (Pianta, Downer, & Hamre, 2016).
owever, Pianta et al. (2016) have found that scores of 3 and 4
n the Instructional Support scale are consistently associated with
igher levels of student achievement. It is worthwhile to note that
7% of pre-K and 7% of K classrooms in our sample reported scores
t or above 3 on the Instructional Support domain.

.2.2. Child outcomes
Children’s academic skills were assessed during the fall of

re-K and again in the spring of K using standardized assess-
ent measures. Consistent with prior research using the NCEDL

ata (Burchinal et al., 2008), composite measures of children’s
anguage and literacy, but not mathematics skills were created.
nternal-consistency coefficients for the individual measures were
xamined at each assessment period and reported in the NCEDL
tudy description and documentation materials (Clifford, Bryant
t al., 2005). Pairwise correlations among the child outcome mea-
ures are provided in Table 3.

.2.2.1. Language. The Peabody Picture Vocabulary Test, 3rd edi-
ion (PPVT-3; Dunn & Dunn, 1997) is a standardized test of receptive
ocabulary. During this test, children were shown a series of
ictures on a page and asked to point to the picture that best
epresented the meaning of a word spoken by the assessor. Reli-
bility coefficients were  ̨ = 0.82 and  ̨ = 0.84 during the pre-K and

 assessment periods, respectively (Clifford, Bryant et al., 2005).
he Oral Expression Scale from the Oral and Written Language
cale (OWLS; Carrow-Woolfolk, 1995) is a standardized test of chil-
ren’s understanding and use of expressive language. During this
est, children were asked to look at a card containing one or more
ictures while they were read a verbal stimulus out loud. Each stim-
lus prompted children to answer a question, complete a sentence,
r create a new sentence or sentences. Reliability coefficients were

 = 0.76 and  ̨ = 0.73 during the pre-K and K assessment periods,
espectively (Clifford, Bryant et al., 2005). Standard scores (M = 100,

D = 15) were used in the analyses for both the PPVT-3 and OWLS. A
omposite measure of children’s Language skills at the fall of pre-K
nd spring of K was calculated as the average of Z-scores (M = 0,
D = 1) from the PPVT-3 and OWLS during each assessment period.
Note: All correlations are statistically significant below the p < 0.05 level.
K  = Kindergarten. PPVT-3 = Peabody Picture Vocabulary Test, 3rd edition.
WJ  = Woodcock–Johnson.

3.2.2.2. Literacy. The Letter–Word Identification (ID) subtest of the
Woodcock–Johnson (WJ) III (Woodcock, McGrew, & Mather, 2001)
is a standardized measure of children’s ability to identify letters
and correctly pronounce written words. The measure developers
report reliability coefficients ranging between  ̨ = 0.92 and 0.94 for
the 3- to 6-year-old age group. The Phoneme Elisions Subtest of the
Comprehensive Test of Phonological Processing (CTOPP; Wagner,
Torgesen, & Rashotte, 1999) is a standardized test that was used
to assess children’s phonemic awareness (i.e., the ability to detect
individual sounds in words). During this test, children are asked
to separate compound words and remove particular sounds. The
measure developers report a test-retest reliability of r = 0.88 for
children in the 5- to 7-year age range. In the analyses, standard
scores (M = 100, SD = 15) were used for the WJ  III Letter–Word ID
and raw scores were used for the CTOPP with a possible range of
0–19. A spring of K Literacy composite was calculated as the aver-
age of Z-scores on the WJ  III Letter–Word ID and the CTOPP. A fall of
pre-K Literacy composite could not be calculated because the WJ  III
Letter–Word ID measure was not administered during this assess-
ment period and the CTOPP was too difficult for most 4-year-olds
to establish a baseline at this time point.

3.2.2.3. Mathematics. The Applied Problems subtest of the WJ  III
(Woodcock et al., 2001) was used to assess children’s mathemati-
cal reasoning in the fall of pre-K and spring of K. During this test,
children were asked to identify quantities and solve relatively sim-
ple mathematical word problems of increasing difficulty. Reliability
coefficients for the scores on this measure were  ̨ = 0.76 at the
pre-K and K assessment periods (Clifford, Bryant et al., 2005). Addi-
tionally, the measure developers reported a one-year test-retest
reliability of r = 0.92 for children in the 4- to 7-year-old age range
(McGrew & Woodcock, 2001). Standard scores (M = 100, SD = 15)
were used for the WJ  III Applied Problems subtest in the analyses.

3.2.3. Covariates
Several demographic and classroom covariates were included

in the analyses. Demographic covariates included gender (1 = male,
0 = female), child race (binary variables coded as White, African
American, Latino, and other; with 1 = yes, 0 = no), family poverty
status, which was  defined as below 150% of the federal poverty line

(1 = poor, 0 = not poor), and a numeric variable indicating mother’s
years of education. Classroom covariates included the state in
which the pre-K program was located as well as the number of
hours per week of operation for children’s pre-K and K programs.
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between domains. Models 1, 2, and 3 presented in Table 4 included
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dditionally, we attempted to reduce potential selection bias in
ur analyses by including children’s fall pre-K scores as a covari-
te in analyses predicting children’s spring of K scores. Children’s
all pre-K scores on the Language composite were used as the pre-

 score covariate in models predicting spring of K Language and
iteracy composite scores. For mathematics, children’s fall pre-K
cores on the Applied Problems measure were used as the pre-K
core covariate in models predicting spring of K Applied Problems
cores.

.3. Data analyses

.3.1. Missing data
Data were missing across several variables, including family

overty status (6%), maternal education (2%), hours per week in
re-K (4%) and K (15%), and each of the K CLASS variables (13%). Data
ere also missing for the child outcome measures, which ranged

rom 15% to 30% across all measures. There were no data miss-
ng on the gender, race, pre-K CLASS, or state variables. Descriptive
tatistics and the proportion of missingness on each analytic vari-
ble are included in Table 1. In the analyses, multiple imputation
MI) methods were used to retain cases with missing values on the
nalytic variables. In comparison to listwise deletion, MI  has been
hown to provide more valid estimates of associations observed in
he data and minimize the potential for biased results when the
eason data are missing is not a function of the outcome itself (i.e.,
gnorably missing; Allison, 2002). The MI  procedure in SAS

®
(ver-

ion 9.3) was used to create 20 datasets with imputed values for
issing cases. Each of the individual child outcome measures were

ncluded in the MI  model and the composite Language and Literacy
easures were calculated based on the imputed datasets. All other

nalytic variables employed in this study were also included in the
I  model along with several auxiliary variables. Statistical analy-

es were then conducted in SAS on each imputed dataset and the
IANALYZE procedure was used to compute univariate parameter

stimates and associated standard errors from values generated
ith each imputed dataset.

.3.2. Analyses
The present study used a multi-level regression framework to

xamine child and pre-K classroom level predictors of children’s
cademic outcomes in the spring of K. Separate models for the
pring of K language, literacy, and mathematics outcomes were
xamined using the MIXED procedure in SAS. In these two-level
odels, children (Level 1; i) were nested within their pre-K class-

ooms (Level 2; j) to account for the cluster sampling study design,
hich randomly sampled as many as four children per pre-K

lassroom. Before the analyses were conducted, we  examined the

esting of study children in K classrooms. We  found that 85% of the

 classrooms contained only one study child, 12% contained two
tudy children, and only 3% contained three or more study chil-
ren. We also examined three-level models with the addition of a
andom effect term for K classrooms. However, the random effect
as equal to zero, which indicated that there was  no variance in

he child outcome measures associated with the nesting of children
n K classrooms. Therefore, we chose not to consider this level of
esting in our subsequent analyses.

The following generalized equation represents the multi-level
odel used to test each child outcome:
ch Quarterly 47 (2019) 218–228 223

ϒij = ˇ0 + ˇ1 pre-K scoreij + ˇ2 CLASS pre-Kj + ˇ3 CLASS Kij

+ ˇ4 CLASS pre-K × CLASS Kij + ˇ5–11 covariatesij

+ ˇ12–17 covariatesj + εij + �j

In this generalized equation, ϒij is an academic outcome (lan-
guage, literacy, or mathematics) for child i in pre-K classroom j; ˇ0
is the random between-child intercept; ˇ1 is the effect of the pre-K
score covariate (i.e., child scores on the pre-K Language composite
or Applied Problems) that varies at level 1; ˇ2 is the main effect
of a pre-K CLASS domain score (Instructional Support, Emotional
Support, or Classroom Organization) that varies at level 2; ˇ3 is the
main effect of a K CLASS domain score (Instructional Support, Emo-
tional Support, or Classroom Organization) that varies at level 1;
ˇ4 is the effect of the cross-level interaction between a pre-K and K
CLASS domain score used to test for the moderation of pre-K class-
room quality by K classroom quality, which varies at level 1; ˇ5–11
are the effects of covariates that vary at level 1 (i.e., gender, three
dummy  coded race variables indicating child race, poverty status,
maternal education, K hours per week); ˇ12–17 are the effects of
covariates that vary at level 2 (i.e., pre-K hours per week and five
dummy  coded variables to indicate each state, with the sixth and
largest state as the reference category)1; εij is the level 1 resid-
ual term; and �j is the level 2 random effect. All of the dependent
variables and continuous independent variables were standard-
ized to have a mean of 0 and standard deviation of 1 in order to
report standardized regression coefficients in Table 4, which can
be interpreted as effect sizes (Hedges, 2008), while the binary pre-
dictor variables were centered, but not standardized (i.e., gender,
child race, poverty status, state). Standardizing and centering also
enables us to provide comparable main effect coefficients to models
without interactions. Therefore, the main effect coefficients for the
pre-K and K CLASS domain scores (ˇ2 and ˇ3) reported in Table 4 did
not differ substantially in magnitude or statistical significance from
models that excluded the cross-level interaction between the pre-
K and K CLASS domain scores (ˇ4).2 Three dummy  coded variables
were included in the models to indicate child race, including Black
(1 = yes), Latino (1 = yes), and Other (1 = yes), with White (1 = yes)
as the reference category. An omnibus F-test was  used to evaluate
if the coefficients for Black, Latino, and Other jointly contributed to
each model, as reported in Table 4.

For the analyses, we chose to examine separate models for
each CLASS domain score (Instructional Support, Emotional Sup-
port, and Classroom Organization) in relation to each child outcome
of interest (language, literacy, and mathematics). This approach
was consistent with prior studies using the NCEDL data (Burchinal
et al., 2008, 2010) and allowed us to assess the predictive power of
each CLASS domain without interference from the other domains.
Issues associated with multicollinearity can make it impossible
to disentangle the predictive power of each CLASS domain when
these highly-correlated variables are simultaneously examined in
the same analytic model (Hamre et al., 2014). This approach does
not allow us, however, to compare the relative predictive power
pre-K and K domain scores for the CLASS Instructional Support,
Emotional Support, and Classroom Organization domains, respec-

1 Coefficients associated with the state identification variable were included in
all  models, but are not presented in the results section or tables because reporting
state-level statistics of any type is prohibited by the data use agreement for this
dataset.

2 Main effect coefficients for the pre-K and K CLASS domain scores from models
that excluded the cross-level interaction can be made available from the correspond-
ing  author upon request.
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Table 4
Multi-level regression model results predicting spring of kindergarten outcomes.

Language Literacy Mathematics

Parameter  ̌ (SE)  ̌ (SE)  ̌ (SE)

Model 1
Covariates

Race F = 1.24 F = 5.49*** F = 1.10
Male  0.02 (0.04) 0.00 (0.05) −0.01 (0.06)
Poverty status −0.08 (0.05) −0.07 (0.06) −0.02 (0.07)
Maternal education (years) 0.06** (0.02) 0.06 (0.03) 0.05 (0.04)
Hours per week, pre-K 0.03 (0.02) 0.01 (0.03) 0.02 (0.03)
Hours per week, K −0.03 (0.02) 0.06 (0.03) 0.09* (0.03)
Language, fall of pre-K 0.77*** (0.03) 0.41*** (0.04) – –
Mathematics, fall of pre-K – – – – 0.55*** (0.03)

CLASS Instructional Support (IS)
CLASS IS Pre-K 0.04* (0.02) 0.06* (0.03) 0.04 (0.03)
CLASS IS K 0.08** (0.02) 0.12*** (0.03) 0.07* (0.04)
CLASS IS Pre-K × CLASS IS K 0.00 (0.02) 0.04 (0.03) 0.06* (0.03)

Model 2
CLASS Emotional Support (ES)

CLASS ES Pre-K 0.03 (0.02) 0.08* (0.03) 0.05 (0.03)
CLASS ES K 0.04 (0.02) 0.08* (0.03) −0.02 (0.03)
CLASS ES Pre-K × CLASS ES K 0.03 (0.02) 0.03 (0.03) 0.06* (0.03)

Model 3
CLASS Classroom Organization (CO)

CLASS CO Pre-K 0.03 (0.02) 0.08* (0.03) 0.06 (0.03)
CLASS CO K 0.05* (0.02) 0.10** (0.03) 0.02 (0.03)
CLASS CO Pre-K × CLASS CO K 0.00 (0.02) 0.02 (0.03) 0.02 (0.03)

Note: K = Kindergarten. CLASS = Classroom Assessment Scoring System.
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* p < 0.05.
** p < 0.01.

*** p < 0.001.

ively. Coefficients for the covariates presented in Table 4 were
erived from Model 1.3

. Results

To test for the additive cumulative effect of classroom quality,
e examined the main effects of pre-K and K classroom quality
ithin each CLASS domain (i.e., ˇ2 CLASS pre-Kj + ˇ3 CLASS Kij). To

est for the multiplicative cumulative effect of classroom quality,
e examined the interaction term between pre-K and K classroom

uality within each CLASS domain (i.e., ˇ4 CLASS pre-K × CLASS Kij).
he results of these analyses are outlined below and presented in
able 4.

.1. Language

Children’s language skills in the spring of K were positively asso-
iated with the main effects of CLASS Instructional Support during
re-K (  ̌ = 0.04, p = 0.04) and K (  ̌ = 0.08, p = 0.001), but not their

nteraction (  ̌ = 0.00, p = 0.87). Thus, Instructional Support quality
n pre-K and K was associated with children’s language skills in
n additive manner. Children’s language skills were also positively
ssociated with the main effect of CLASS Classroom Organization
n K (  ̌ = 0.05, p = 0.03), but not in pre-K (  ̌ = 0.03, p = 0.18), nor their
nteraction (  ̌ = 0.00, p = 0.81). Language skills were not related to
he main effects of CLASS Emotional Support in pre-K (  ̌ = 0.03,
 = 0.18) and K (  ̌ = 0.04, p = 0.11), nor their interaction (  ̌ = 0.03,
 = 0.09).

3 Coefficients for the covariates presented in Table 4 did not differ substan-
ially from coefficients derived from the models including the Emotional Support
r  Classroom Organization domain scores, which can be made available from the
orresponding author upon request.
4.2. Literacy

Children’s literacy skills in the spring of K were positively
associated with the main effects of CLASS Instructional Support
during pre-K (  ̌ = 0.06, p = 0.03) and K (  ̌ = 0.12, p < 0.001), but
not their interaction (  ̌ = 0.04, p = 0.16); with the main effects
of CLASS Emotional Support in pre-K (  ̌ = 0.08, p = 0.02) and K
(  ̌ = 0.08, p = 0.02), but not their interaction (  ̌ = 0.03, p = 0.27); and
with the main effects of CLASS Classroom Organization in pre-K
(  ̌ = 0.08, p = 0.01) and K (  ̌ = 0.10, p = 0.001), but not their interac-
tion (  ̌ = 0.02, p = 0.56). Thus, each domain of CLASS quality in pre-K
and K was associated with children’s literacy skills in an additive
manner.

4.3. Mathematics

Children’s mathematics skills in the spring of K were positively
associated with the main effect of CLASS Instructional Support in
K (  ̌ = 0.07, p = 0.048), but not in pre-K (  ̌ = 0.04, p = 0.25). Addi-
tionally, children’s mathematics skills were not associated with
the main effects of CLASS Emotional Support in pre-K (  ̌ = 0.05,
p = 0.08) or K (  ̌ = −0.02, p = 0.46). However, we did find statisti-
cally significant interactions between pre-K and K Instructional
Support (  ̌ = 0.06, p = 0.03) as well as pre-K and K Emotional Sup-
port (  ̌ = 0.06, p = 0.02), which both indicated that the predictive
effect of pre-K quality increased by 0.06 standard deviation units
with every one standard deviation unit increase in K quality. In a
sensitivity analysis, we probed the interaction between pre-K and K
Instructional Support and found that the predictive effect of pre-K
Instructional Support was  statistically significant for children who
also experienced high levels of Instructional Support quality in K

(i.e., at +1 SD,   ̌ = 0.10, SE = 0.04, p = 0.02), but was not statistically
significant for children who experienced average (i.e., at the mean;

 ̌ = 0.04, SE = 0.03, p = 0.25) or low levels of Instructional Support
quality in K (i.e., at −1 SD,   ̌ = −0.03, SE = 0.04, p = 0.49). Similarly,
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fter probing the interaction between pre-K and K Emotional Sup-
ort, we found that the predictive effect of pre-K Emotional Support
as statistically significant for children who also experienced high

evels of Emotional Support in K (i.e., at +1 SD;   ̌ = 0.11, SE = 0.04,
 = 0.007), but was not statistically significant for children who
xperienced average (i.e., at the mean;  ̌ = 0.05, SE = 0.03, p = 0.08)
r low levels of Emotional Support quality in K (i.e., at −1 SD;

 = −0.01, SE = 0.04, p = 0.80). Additionally, mathematics skills were
ot significantly related to the main effects of CLASS Classroom
rganization in pre-K (  ̌ = 0.06, p = 0.07) and K (  ̌ = 0.02, p = 0.58),
or their interaction (  ̌ = 0.02, p = 0.56).

Thus, based on these interactions, we found evidence to support
oth propositions of dynamic complementarity in relation to chil-
ren’s mathematics skills, because the positive predictive effect of
re-K Instructional Support and Emotional Support was enhanced
s the level of K classroom quality increased in these domains,
ut the positive predictive effect of pre-K classroom quality was
nly found to be statistically significant for children who subse-
uently experienced high levels of K quality. It is worth noting
hat we probed the moderating effect of K classroom quality at
hree conventional values (i.e., +1 SD,  mean, and −1 SD). Yet, the
ontinuous-by-continuous interactions used in our analyses reflect
he full range of K classroom quality in our sample, indicating that
ven larger effects of pre-K classroom quality could be evident for
hildren in K classrooms with quality scores greater than +1 SD.

. Discussion

The current study advances research about early childhood
ducation through an examination of the cumulative effects of
lassroom environments during pre-K and K in relation to chil-
ren’s language, literacy, and mathematics skills in the spring of
. We  found that additive cumulative effects described associa-

ions between classroom quality in relation to children’s language
nd literacy skills: higher-quality pre-K uniformly predicted better
kills at all levels of K quality, but higher-quality K also contributed
n an additive manner. These findings illustrate how children
rofited from higher-quality classroom environments during both
re-K and K. Alternatively, we found evidence of a multiplica-
ive cumulative effect of classroom quality in relation to children’s

athematics skills, such that the predictive effect of higher-quality
re-K classroom environments was enhanced as the level K class-
oom quality increased. Moreover, the positive predictive effect of
re-K classroom quality was only statistically significant for chil-
ren who subsequently experienced high, but not average or low

evels of K classroom quality. Our findings related to mathemat-
cs illustrate the two propositions of dynamic complementarity as
escribed by Cunha and Heckman (2007): (1) later investments

n children’s skill development bolster the productivity of earlier
nvestments and (2) earlier investments do not continue to be pro-
uctive unless they are followed up by later investments.

Thus, the accumulation of higher-quality classroom experiences
attered in different ways for different academic skills. We posit

hat the multiplicative cumulative effects were observed in rela-
ion to mathematics skills, but not language and literacy skills
ecause the links between pre-K classroom quality and children’s

anguage and literacy skills were initially more robust and, thus,
ess dependent on subsequent classroom quality. Indeed, prior
esearch using the NCEDL dataset has documented larger effects
f pre-K classroom quality on children’s end of pre-K language
nd literacy skills (d = 0.06–0.11) compared to mathematics skills

d = 0.05–0.06; Howes et al., 2008). It is also possible that the devel-
pment of mathematics skills requires more sustained support and
ay  be more difficult for children to acquire without exposure to

igh-quality classroom environments across grades.
ch Quarterly 47 (2019) 218–228 225

Previous studies have examined preschool classroom quality
in relation to children’s concurrent and long-term academic out-
comes; documenting positive associations during the preschool
period that begin to fade out during the early elementary
grades. Additionally, a separate body of research has examined
the quality of children’s classroom experiences in elementary
school—including some of our own work that has documented
the additive cumulative effect of better-quality classroom environ-
ments between K and third grade in relation to children’s third
grade literacy skills (Vernon-Feagans et al., 2018). However, few
studies have documented the accumulation of higher-quality class-
room experiences during preschool and elementary school. Many
scholars have argued that educational experiences in elementary
school are crucial for sustaining the long-term impacts of preschool
programming and therefore, the contributions of preschool and
subsequent elementary school experiences should be jointly con-
sidered (Bailey, Duncan, Odgers, & Yu, 2016; Phillips et al., 2017).

The current study added important evidence to the extant
research literature on the accumulation of higher-quality class-
room experiences across the transition to school. Prior studies have
documented the benefit of cumulative classroom emotional sup-
port/classroom organization quality during pre-K and K in relation
to children’s social–emotional skills (Broekhuizen et al., 2016) as
well as the cumulative benefit of emotional support quality dur-
ing child care and elementary school in relation to academic skills
(Ansari & Pianta, 2018b). By focusing on the cumulative benefit
of classroom quality during pre-K and K in relation to children’s
early academic skills, we  found that higher-quality classroom expe-
riences during both years was associated with higher levels of
language, literacy, and mathematics skills for children, albeit the
pattern of these associations was  additive for language and literacy
versus multiplicative for mathematics.

Additionally, our findings related to mathematics illustrate the
importance of high-quality classroom environments in K as a
potential mechanism for sustaining the benefit of high-quality pre-
K and also provides some support for the concept of dynamic
complementarity, which is derived from Cunha and Heckman’s
(2007) cumulative model of human capital acquisition. When
applied to research on early childhood education, this model has
received some support from earlier studies of preschool classroom
quality (Ansari & Pianta, 2018b; Broekhuizen et al., 2016) as well as
preschool program participation (Ansari & Pianta, 2018a; Bierman
et al., 2014; Jenkins et al., 2018; Zhai et al., 2012). Given the emerg-
ing empirical support for this model in the field of early childhood
education, it is possible that the concept of dynamic complemen-
tarity can and should be applied to a wider range of educational
and developmental research areas.

5.1. Implications for future research and practice

Education stakeholders are increasingly interested in design-
ing policies and practices to align classroom instruction across
pre-K through third grade in order to promote continuity in chil-
dren’s educational experiences (Bogard & Takanishi, 2005; Phillips
et al., 2017; Pianta et al., 2016; Ritchie & Gutmann, 2014; Stipek,
Clements, Coburn, Franke, & Farran, 2017). Several studies provide
evidence linking instructional alignment to children’s develop-
mental outcomes (Jenkins et al., 2018; Mattera, Jacob, & Morris,
2018; Zellman & Kilburn, 2015). To date, most instructional align-
ment initiatives have focused on the use of curricula, instructional
practices, learning standards, and assessments. Although the cur-
rent study did not examine these important facets of instructional

alignment, Stipek et al. (2017) have acknowledged that conti-
nuity in instruction depends on the quality of instruction. The
current study illustrates how the accumulation of high-quality
classroom experiences across pre-K and K can promote children’s
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cademic learning gains during this period. Future research into
nstructional alignment should also consider the underlying role
f high-quality teacher–child interactions, cumulative or not. For
xample, does instructional alignment provide greater benefits for
hildren’s learning in higher- compared to lower-quality classroom
ontexts?

Given the wealth of evidence to support the developmental
mportance of high-quality teacher–child interactions, instruc-
ional alignment initiatives could also include strategies to promote
he quality of teacher–child interactions (e.g., professional devel-
pment programs) in addition to strategies promoting traditional
orms of instructional alignment (e.g., curricula, instructional prac-
ices, standards, and assessments). Moreover, strategies to promote
eacher–child interactions might focus on aspects of quality related
o Instructional Support, given that this domain of quality was rated
he lowest in pre-K and K, but was found to be the most consistent
redictor of child outcomes in our study.

Future research related to instructional alignment may  also
enefit from the development of new strategies and methods to
ssess the quality of teacher–child interactions across grades as
hese interactions naturally change and adapt to match children’s
evelopmental progressions through school. Unlike the concept
f cumulative classroom quality that was considered in the cur-
ent study, Stipek et al. (2017) describe how the term continuity
mplies that “instruction needs to change as children develop new
nderstandings and skills, are able to take on new forms of par-
icipation, develop language, and take on new content” (p. 4).
elatedly, the type of teacher–child interactions that constitute
igh-quality instruction in pre-K may  differ from the type of inter-
ctions that constitute high-quality instruction in K, first, second,
r third grade and, if so, then quality measurement should capture
he type of interactions that are most salient during each period.
lthough current study could not address the issue of continuity in
lassroom quality, we provide evidence to indicate that exposure to
he same high-quality classroom processes in both pre-K and K—as

easured by the CLASS—can benefit children’s learning.

.2. Strengths and limitations

Despite the important contributions of the current study, the
esults should be viewed in light of several limitations. First,
o causal inferences can be made from this study because the
ndings are correlational in nature. To account for potential selec-

ion bias of higher-skilled children into higher-quality classrooms,
e included child, demographic, and classroom covariates in the

nalytic models—including children’s pre-K entry-level skills. How-
ver, the potential for selection bias was not completely eliminated
n this study and the degree to which classroom quality matters for
hild outcomes may  be attributable to unmeasured, non-random
orting of children into higher-quality classrooms in pre-K and
. Second, it is possible that important aspects of classroom pro-
ess quality have gone unmeasured by the classroom observation
nstrument used in the current study. The early version of the CLASS

easure used in this study did not include two dimension scores
hat have since been added to the most recent version of this mea-
ure (i.e., Language Modeling and Regard for Student Perspectives).
dditionally, the current study did not examine other domain-
pecific measures designed to document classroom processes most
roximal to children’s skill development in the domains of lan-
uage, literacy, and mathematics. Domain-specific measures could
rovide a more refined understanding of the type of classroom pro-
esses that boost children’s learning across pre-K and elementary

chool. Third, although the current study aimed to examine the
ccumulation of higher-quality classroom environments, the aver-
ge level of CLASS Instructional Support scores observed in this
ample were in the low-quality range in pre-K (M = 2.20, SD = 0.79)
ch Quarterly 47 (2019) 218–228

and K (M = 1.98, SD = 0.67) as defined by the measure developers.
However, scores in the low-quality range for Instructional Support
are commonly observed in pre-K samples (Choi et al., 2016; Hamre
et al., 2014; Moiduddin et al., 2012), while mid- to high-quality
scores are rarely observed (Pianta et al., 2016). Nonetheless, the
current study provides some evidence to suggest that exposure
to moderate levels of Instructional Support quality during pre-K
and K can boost children’s learning gains across the transition to
school. Fourth, although our study focused on associations between
pre-K and K classroom quality in relation to child outcomes at the
end of K, other analytic specifications could have been used to
consider quality effects on child outcomes assessed at the end
of pre-K and/or beginning of kindergarten using the NCEDL data.
Finally, it is important to note that the NCEDL data used in the
current study are now more than a decade old. However, these
findings remain relevant to early childhood education program-
ming today given that the magnitude of classroom quality effects
found in the current study were similar to those found in more
recent samples of children and classrooms (e.g., Weiland et al.,
2013).

Despite these limitations, the current study has several
strengths that should be noted. First, we used a large sample of
socioeconomically diverse children recruited from pre-K programs
across six states, which enhances the generalizability of these
results. Second, we examined classroom quality in pre-K and K
based on direct observations during each year. Third, we  used mul-
tiple imputation methods to retain all cases in our analyses that
were missing data on some analytic variables. Finally, the current
study contributes new evidence to the growing research base on
the importance of multiple years of high-quality classroom envi-
ronments during early childhood.

6. Conclusion

The current study examined three domains of classroom qual-
ity in pre-K and K—Instructional Support, Emotional Support, and
Classroom Organization—in relation to children’s language, liter-
acy, and mathematics skills in the spring of K. Our study controlled
for a number of important factors that allowed us to estimate—with
some confidence and precision—associations between classroom
quality and children’s academic skills. However, due to the obser-
vational nature of our study, no casual conclusions can be made.

The results of our study suggest that an accumulation of higher-
quality classroom experiences during pre-K and K may be salient
for the development of children’s language, literacy, and mathe-
matics skills across the transition to school. In relation to children’s
K language and literacy skills, we found that the predictive effect
of K classroom quality added to the predictive effect of pre-K
classroom quality. In relation to mathematics, we  found that the
predictive effect pre-K classroom quality was  enhanced by K class-
room quality, but was only statistically significant for children who
experienced high levels of classroom quality in K, not average or
low levels of K classroom quality. These findings contribute to
a growing recognition of the importance of high-quality educa-
tional environments across the transition to school. We  believe
that future research should explore new strategies and methods
to assess the quality of teacher–child interactions across grades
as these interactions change and adapt to match children’s devel-
opmental progressions through school. Additionally, we hope that

future research will consider if high-quality teacher–child interac-
tions (cumulative or not) enhance the implementation and efficacy
of instructional alignment initiatives across the transition from pre-
K to elementary school.
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