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Although high-quality early care and education (ECE) is widely accepted as one of the most effective
means for promoting early learning and development, many ECE programs have limited impact perhaps
because of issues with how ECE quality is defined and measured. This study seeks to expand definitions
of ECE quality by asking which preschool ECE quality dimensions relate to gains in which developmental
outcomes and contrasting measurements using classroom-level ratings and child-level behavior counts.
The sample includes 366 children in 63 randomly selected prekindergarten (pre-k) classrooms in six
rural counties in a Southeast state. In the fall and spring, children were administered tests of academic
Preschool classroom quality achievement, language skills, and executive functions, and teachers rated their social skills. In the winter,
Classroom Assessment Scoring System the quality of teacher-child interactions was rated at the classroom level and the frequency that the child
CLASS experienced complex teacher talk, domain-specificinstructional activities, and whole group settings were
Language Interaction Snapshot LISn counted at the child level. Two sets of analyses related gains in outcomes to the classroom-level ratings in
both analyses and to behavior counts summarized at the classroom level and at the child level in separate
analyses. Results indicated that (1) different ECE dimensions related to gains in different outcomes; (2)
ECE quality measures based on observing the selected experiences of individual children provide as
strong or stronger associations with child outcomes than do ratings of teacher-child interactions; and (3)
it may be necessary to measure experiences of individual children if those experiences are likely to vary
markedly among children in the same classroom.
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1. Introduction

High-quality early care and education (ECE) is thought to be
one of the best policy levers to improve school success for children
from low-income families (Heckman, 2011; Yoshikawaetal.,2013).
“High-quality” ECE programs improve school readiness skills, espe-
cially basic reading and math skills, but those effects fade over time
(Burchinal, Magnuson, Powell, & Hong, 2015; Phillips et al., 2017).
ECE quality is currently defined largely in terms of the extent to
which children experience sensitive and responsive interactions
with teachers (Hamre, 2014; Mashburn et al., 2008). However,
global measures of the quality of ECE teacher-child interactions
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relate quite modestly, at best, to child outcomes, raising questions
about whether ECE quality models should also include more spe-
cific types of ECE experiences that may promote different child
outcomes (Burchinal, 2018). To examine this question, this study
related ECE quality dimensions to child outcomes to test whether
ECE models for specific outcomes should include both the ECE expe-
riences thought to promote all outcomes and those experiences
thought to enhance a specific outcome. This question was exam-
ined among children attending a state-funded pre-kindergarten
program in rural areas in a Southeastern state.

2. Different Conceptual Models for Specific Child Outcomes

The current ECE quality model focuses on pathways from “struc-
tural quality” to “process quality” to child outcomes (Burchinal,
2018). Process quality is defined as what the child experiences
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in the ECE setting, especially in terms of the quality of interac-
tions between teachers and the children in the classroom. Typically,
process quality is defined as the quality of classroom manage-
ment practices and the level of emotional and instructional support
provided by the teacher (Hamre, 2014). Preschool teachers, how-
ever, engage in a variety of other activities that could be also
be considered dimensions of quality. Teachers decide how often
they provide instructional content (e.g., literacy, math) and how
to deliver instructional content in terms of the setting (e.g., whole
group, small group, centers). They also determine the frequency
and type of language exchanges and emotional tone used over-
all and with individual children. Each of these quality dimensions
appears to promote different child outcomes, suggesting they too
should be considered in ECE quality models for specific child out-
comes.

Prior studies examined both these general and specific dimen-
sions of ECE quality to understand how they promote different child
outcomes. For example, the quality of teacher-child interactions
is thought to be foundational for promoting all child outcomes,
whereas instructional time in a specific content area is thought to
be critical for acquiring basic academic skills (Burchinal etal.,2015).
Despite an understanding that cognitive, academic, and social skills
are enhanced by different aspects of the ECE experience, most
research and monitoring as well as much professional development
is based on an ECE quality model that has limited scope and pro-
vides very modest prediction of child outcomes (Burchinal, 2018).
This study will examine multiple ECE quality indicators in relation
to a full range of outcomes to ask whether some quality dimen-
sions are related to all outcomes while other quality dimensions
are related to specific outcomes.

As detailed below, we argue that at least two quality dimen-
sions, quality of teacher-child interaction and the proportion time
in whole group activities, serve as predictors of all outcomes and
at least two quality dimensions, the quality of teacher-child lan-
guage and the instructional time and quality, serve as predictors
for specific outcomes. Although these ECE quality dimensions do
not exhaustively represent aspects of the ECE experience that con-
tribute to early learning and development, they were selected
based on evidence that they related to the acquisition of skills
during early childhood in prior studies. In this study, all quality
dimensions are fit to all outcomes to examine the extent to which
the hypothesized dimensions emerge as significant predictors for
specific outcomes.

2.1. ECE Quality Dimensions Thought to Impact All Child
Outcomes

2.1.1. Quality of Teacher-Child Interactions

Currently, ECE quality is typically defined in terms of teacher-
child interactions based on developmental theories, and most
quality assessments and educator professional development efforts
focus on this ECE quality dimension (Burchinal et al., 2015). Ecolog-
ical or sociocultural developmental models posit that responsive,
sensitive caregiving is foundational for cognitive, academic, and
social development (Bronfenbrenner & Morris, 2006; Vygotsky,
2001). Responsive, sensitive caregiving is defined in terms of the
frequency and quality of teacher-child interactions (Hamre, 2014).
Empirical results indicate very modest, but statistically significant,
improvements in language, academic, executive function (EF), and
social skills when the quality of teacher-child interactions is higher
(Burchinal, Vandergrift, Pianta, & Mashburn, 2010; Curby, Rimm-
Kaufman, & Ponitz, 2009; Downer, Sabol, & Hamre, 2010; Hamre,
2014; Howes et al., 2008; Mashburn et al., 2008; NICHD Early Child
Care Research Network, 2006).
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2.1.2. Classroom Setting

In addition to the quality of teacher-child interactions, the
amount of time children spend in whole-group activities likely
impacts the acquisition of cognitive, academic, EF, and social
skills in preschool classrooms. While most preschool classrooms
provide some instruction using both whole-group settings and cen-
ters, most classrooms favor one of these two setting for much
of their instruction (Cabell, DeCoster, LoCasale-Crouch, Hamre, &
Pianta, 2013; Chien et al., 2010; Fuligni, Howes, Huang, Hong, &
Lara-Cinisomo, 2011). Spending less time in whole-group activ-
ities is related to larger gains in early reading and math skills
for predominantly low income children in Head Start or pre-k
programs (Clements & Sarama, 2007; Lonigan, Farver, Phillips, &
Clancy-Menchetti, 2011), predominantly middle-income children
in community care (Connor, Morrison, & Slominski, 2006), and in
prior analyses of data from this study (Bratsch-Hines, Burchinal,
Peisner-Feinberg, & Franco, 2019). This likely is because children’s
engagement is much higher during center time than it is during
whole-group activities (Powell, Burchinal, File, & Kontos, 2008).
Other research found that more time in whole group activities
related to higher rates of off-task and aggressive behaviors among
kindergarteners (Rimm-Kaufman, La Paro, Downer, & Pianta, 2005),
suggesting that time in whole group may be equally or more detri-
mental for preschoolers.

2.2. ECE Quality Dimensions that Promote Specific Child
Outcomes

In contrast, different ECE practices promote the acquisition of
specific skills during early childhood. Language skills are found to
be promoted primarily through multi-turn conversations between
caregivers and children in which caregivers elaborate on the child’s
comments, ask open-ended questions, and elicit further comments
from the child (Cabell, Justice, McGinty, DeCoster, & Forston, 2015;
Pentimonti et al.,2017; Wasik, Bond, & Hindman, 2006; Weizman &
Snow, 2001; Whorrall & Cabell, 2016). Executive functioning skills
are enhanced when children engage in activities that require cog-
nitive flexibility (Raver & Blair, 2016). Early reading and math skills
are acquired when children spend more time in content-specific
instruction (Burchinal, Zaslow, & Tarullo, 2016), especially when
the instruction introduces skills sequentially and provides many
opportunities to master each skill before moving on to teaching the
next skills (Bierman et al., 2008; Clements & Sarama, 2007; Powell,
Diamond, Burchinal, & Koehler, 2010). Social skills are promoted
through supportive interactions that model regulating negative
emotions and avoid harsh punitive exchanges (Bierman et al., 2008;
Burchinal et al., 2010; Hamre, 2014; Jones, Bouffard, & Weissbourd,
2013; Raver, 2003). Thus, in addition to the general quality of
teacher-child interactions and, perhaps, time in whole group set-
tings, ECE quality models for specific outcomes should also reflect
the specific types of experiences that promote that outcome. As
detailed below, we argue that we should include the quality of
teacher-child language exchanges in a model for language develop-
ment and the instructional time and quality in a model for academic
skills.

2.2.1. Teacher-child language exchanges

Measuring the frequency and quality of teacher-child language
exchanges may be especially important for understanding whether
ECE experiences will improve language skills. Several studies
demonstrate that preschoolers gained language when they expe-
rienced more frequent responsive or decontextualized language
exchanges with ECE teachers (Abt Associates, Inc,2007; Cabell etal.,
2015; Hindman & Wasik, 2012; Justice, Jiang, & Strasser, 2018).
Behavior counts of how frequently teachers engaged in responsive
and complex language exchanges predicted gains in language skills
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in the evaluation of the First 5 LA initiative to improve quality of
ECE in Los Angeles (Abt Associates, Inc., 2007). Children in the First
5 LA programs showed larger gains when their teachers facilitated
conversations with multiple turns or used more decontextualized
language. Ratings of the teachers’ linguistic responsiveness, but
not of decontextualized language or quality of teacher-child inter-
actions, predicted gains in vocabulary skills in a recent preschool
study (Justice et al., 2018).

2.2.2. Instructional time

Observing the amount of time children spent in literacy and
math instruction and the content of that instruction is important
to understand the acquisition of early academic skills in preschool
classrooms. Although the content and quality of instruction almost
certainly matters more than the quantity, several studies indicated
that measures of instructional time related to gains in literacy
and math skills. Measures of the amount of time children spent
in reading and math activities were related to gains in those aca-
demic skills in a study of pre-K in 11 states (Chien et al., 2010).
Behavior counts of time spent in instruction in reading and math
related to gains in language, literacy, or math skills in a sample
of predominantly middle-income children (Connor et al., 2006), a
small meta-analysis of six large ECE studies of predominantly low-
income children (Burchinal et al., 2016), and in prior analyses of the
data from this study (Bratsch-Hines et al., 2019).

In summary, the primary goal of this study was to test whether
gains in different child outcomes were all related to some ECE
dimensions and differentially related to other ECE dimensions.
We selected ECE quality dimensions that were collected in our
longitudinal study because they were shown to relate to child out-
comes in prior studies but recognize there are other ECE quality
dimensions that our observational tools did not measure. We antic-
ipated that the quality of teacher-child interactions and time in
whole group were general ECE quality measures important for the
development of all skills. We also hypothesized that teacher-child
language exchanges were especially important for developing lan-
guage skills and instructional time was especially important for
acquiring content-specific academic outcomes.

2.3. Approaches to Measuring ECE Quality

How different ECE quality dimensions are measured varies
across the selected dimensions, conflating what is measured and
how it is assessed. For example, quality of teacher-child inter-
actions is typically measured by ratings of the whole classroom
(Hamre, 2014). These ratings reflect the foundational role the
teacher(s) play in creating the ECE experience for preschoolers.
Counts of specific teacher and child behaviors are typically used
to measure the time spent in different settings and instruction in
specific content areas (Howes et al., 2008). These behavior counts
describe individual differences in ECE experiences thought to play
an important role in early learning and development. Thus, our
examination of whether different ECE quality dimensions predict
different child outcomes involves different approaches to measur-
ing those dimensions.

2.3.1. Ratings

Most quality rating systems measure the sensitivity and respon-
siveness of caregivers in their interactions with children and access
to age appropriate activities. The most widely-used ECE quality
tools, the Classroom Assessment Scoring System (CLASS; Pianta,
La Paro, & Hamre, 2008) and the Early Childhood Environmental
Rating Scales (ECERS-R; Harms, Clifford, & Cryer, 1998; ECERS-3
Harms, Clifford, & Cryer, 2014), measure the quality of the ECE
classroom by observing an entire classroom, typically during the
morning. The observer rates selected indicators of ECE quality at
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the classroom level. A recent review of the literature (Burchinal,
2018) indicated that gains in children’s cognitive, academic, and
social skills are significantly, albeit somewhat inconsistently and
quite modestly, related to CLASS and ECERS scores.

2.3.2. Behavior counts

Behavior counts involve multiple cycles of iteratively observing
individual children for a short period of time each. In time-sampling
observations, the short period of observation time per child per
cycle is divided into blocks of time (e.g., 30 seconds). The observer
typically records whether during each block of time the target child
exhibits specific types of behaviors or whether the teachers or peers
exhibit specific behaviors toward the target child. They typically
record the child’s activity setting and instructional focus and can
include specific characteristics of how teachers interacted with the
target child and how the target child interacted with peers. The
number of children observed per classroom, what behaviors are
counted, and the amount of time each child is observed varies
across coding systems. Often the counts of behavior are tallied
across children in a classroom to create classroom-level behavior
counts.

One measure, the Emerging Academic Snapshot (EAS; Ritchie,
Howes, Kraft-Sayre, & Weiser, 2001), and its adaptation to describe
language exchanges, the Language Interaction Snapshot (LISn;
Atkins-Burnett, Sprachman, & Caspe, 2010) has been used in mul-
tiple studies and evaluations. With the LISn, children are observed
for 10 30-second blocks during each cycle, recording the types of
language exchanges they experience with teachers and peers, the
activity setting, and the instructional content. Typically, at least four
cycles are collected per child. Time individual children spent in lan-
guage activities measured with the EAS was related to larger gains
in teacher ratings of emergent literacy skills (Howes et al., 2008).
The frequency of child-level language exchanges involving eliciting
(decontextualized language) or elaboration (linguistically respon-
sive language) assessed with the LISn were related to moderate
to large gains in language skills among predominantly low-income
Spanish-English dual language learners (Abt Associates, Inc., 2007).

Perhaps the most widely used behavior count system was
developed by Farran and colleagues. They developed the Teacher
Observation in Preschool (TOP; Bilbrey, Vorhaus, Farran, & Shufelt,
2010) to measure the teacher’s emotional tone in interactions with
children and the Child Observation in Preschool (COP; Farran & Son-
Yarbrough, 2001) to describe the individual child’s engagement and
involvement in academic activities and the quality of interactions
with teachers and peers. Iteratively for 3 seconds each, the teacher
isobserved with the TOP and each child in the classroom is observed
with the COP. This cycle of observing the teacher and each child
repeated 20 times. The mean of children’s COP data is computed to
represent the classroom. TOP and COP behavior counts are related
to short- and long-term child outcomes. For example, ratings of the
tone of the interactions and the frequency of engagement and dif-
ferent types of instructional activities as measured by the COP and
TOP were associated in alongitudinal study of a pre-K program with
both short- and long-term gains in self-regulation (Fuhs, Farran, &
Nesbitt, 2013).

2.3.3. Contrasting classroom ratings and behavior counts

At least two recent studies included both classroom-level rat-
ings on the CLASS and behavior counts and ratings collected
on individual children or small groups of children averaged to
the classroom level. One study contrasted the extent to which
two indices of teacher-child language exchanges and the overall
quality of teacher-child interactions related to gains in preschool-
ers’ grammar and vocabulary skills in 49 classrooms that served
predominantly low-income children (Justice et al., 2018). The
first index of language exchanges described teachers’ linguistic
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responsiveness. It was measured through aggregated ratings of
15 30-second snippets of small-group interactions videotaped in
the fall, winter, and spring of the preschool year. Ratings cap-
tured the degree to which teachers commented and expanded
on children’s language to encourage and maintain small-group
conversations. The second index of language exchanges described
language complexity based on counting the teacher’s utterance
length, vocabulary size, and grammatical complexity in those small
groups. Both the linguistic responsivity and the language complex-
ity variables were coded at the small group level and aggregated
to form classroom composites. The overall quality of teacher-child
interactions was measured by the CLASS. Findings suggested that
growth in vocabulary skills was significantly larger when the teach-
ers displayed higher levels of linguistic responsivity but was not
significantly related to the complexity of their language or the over-
all quality of teacher-child interactions (Justice et al., 2018).

Another study related gains in school readiness skills to both
the classroom-level of teacher-child interactions using the CLASS
and classroom-level counts of instructional activities and settings
of target children using the Behavioral Coding System (BCS) (Pianta
et al., 2020). Pianta and colleagues (2020) developed the BCS to
measure academic instructional activities and settings. The BCS
involves observing classrooms on two days for 40 cycles, itera-
tively observing each of the participating children for 30-second
snapshots, and recording the activity setting and instructional con-
tent. The mean of the child-level BSC data was computed for each
classroom and used, along with the CLASS, to predict gains in
child outcomes in a study of over 120 pre-K classrooms (Pianta
et al., 2020). The proportion of time spent in teacher-led activi-
ties was significantly, but modestly, related to larger gains in early
reading skills, but time spent in academic activities was nega-
tively related to teacher-reported social skills and task orientation
and direct assessments of executive functioning (EF). In contrast,
classroom-level ratings of the quality of teacher-child interactions
were modestly related to gains in math and EF.

In summary, classroom-level ratings of the quality of teacher-
child interactions are widely used to measure ECE quality and
typically are quite modestly related to at least some child outcomes,
but behavior counts of individual child experiences appear to pro-
vide additional prediction of gains in preschool child outcomes.
A secondary goal of this study is to examine the extent to which
behavior counts of specific aspects of the ECE experience relate to
gains in specific child outcomes.

3. The Present Study

The primary goal of this study was to ask whether a more dif-
ferentiated ECE quality model related to the acquisition of specific
skills among children attending a state pre-kindergarten program
in rural areas in the Southeast. Few studies have examined mul-
tiple dimensions of ECE quality simultaneously to consider their
relative importance for the development of different school readi-
ness outcomes. We hypothesized that gains in all outcomes would
be larger when children experienced higher quality teacher-child
interactions and spent less time in whole group activities; gains
in language skills would be larger when teachers provided more
frequent high quality language exchanges, and gains in academic
skills would be larger when children spent more time in academic
instruction.

A secondary exploratory goal was to ask whether child-level
behavior counts of specific ECE quality dimensions related differ-
ently to child outcomes when those experiences vary markedly
among children in the same classroom. We hypothesized that
classroom-level aggregated behavior counts of selected ECE expe-
riences (i.e. time spent in literacy instruction) would be related to
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gains in child outcomes as described above. We suspected that
child-level behavior counts of the experiences that vary greatly
among children in the same classroom would relate to gains in
outcomes for the observed children. In particular, we anticipated
that individual differences in child-level counts of complex teacher-
child language exchanges would relate to individual differences
in language skills because we thought teachers would talk quite
differently with different children in the same classroom.

4. Methods
4.1. Participants

A sample of 63 classrooms serving children in the North Car-
olina Pre-Kindergarten (NC Pre-K) program in six rural counties in
Central and Eastern North Carolina was randomly selected to par-
ticipate in this study. The NC Pre-K program serves children in the
year prior to kindergarten, and targets children from low-income
families and dual language learners, among other criteria. The class-
rooms were randomly selected proportionate to classroom size
from the list of all NC Pre-K classrooms in the six counties, with
an acceptance rate of 60%. Of the 63 classrooms, 41 were located
in public schools, 4 were in Head Start centers, and 18 were in
community-based organizations.

Invitations to participate in the study were sent home to all par-
ents in the selected classrooms, and four to six 4-year-old children
with parental consents were randomly selected within each class-
room, with oversampling of children who spoke Spanish at home.
Overall, consents were received from 52% of the parents. All 366
children were assessed in the fall, and 362 of them were included
in the analyses because they had both fall and spring data on at least
one outcome. Altogether 311 children had fall and spring outcomes
on all outcomes, 12 children had fall and spring direct assessments
but were missing the fall or spring teacher ratings of social skills
and self-regulation, 11 children had only fall and spring teacher rat-
ings but were missing spring direct assessments, and the remaining
28 children were missing either the fall or spring assessments on
between 1 and 4 outcomes. The four children lost to follow-up
included 1 Spanish-speaking DLL child, 3 African American chil-
dren, and 1 male. The analysis sample was about half male, about
one-third African American and about one-third Latinx/Hispanic,
and about one-third spoke a language other than English at home.
Of the 121 dual language learners, 114 spoke Spanish at home.
The characteristics of the children and their families are shown in
Table 1.

4.2. Procedures

Widely used measures of academic achievement and language
skills and a battery of EF skills were administered individually
to each child in the fall and spring of their pre-K year. Teachers
rated the children’s social skills in the fall and spring. Experienced
assessment trainers trained and certified data collectors prior to
data collection. Table 2 describes the fall and spring assessments of
children’s academic, language, EF, and social skills.

ECE quality and practices were measured through observations
ofthe classroom during the winter. Table 3 describes the classroom-
and child-level assessments of ECE quality dimensions. Classroom
visits were scheduled when instructional activities were antici-
pated, typically in the morning. Data collectors observed the quality
of teacher-child interactions for the whole classroom on one day
and the teacher-child language exchanges and types of activities
for individual study children on a second day.
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Table 1
Child and family characteristics.
N % Missing Mean SD Min Max

Child age at entry to pre-K (years) 362 0.00% 4.54 0.31 3.94 6.13

Time between fall & spring testing 362 0.00% 0.65 0.06 0.15 0.77

Sex 0.00%

Male 178 49%
Female 184 51%

Race/ethnicity 0.28%

African American/Hispanic 11 3%

African American/nonHispanic 120 33%
White/Hispanic 108 33%
White/nonHispanic 100 28%
Other? 22 11%

Home language 0.00%
English 241 67%

Other” 121 33%
Maternal education (years) 361 0.28% 12.40 2.39 8.00 18.00
Less than high school 77 21%
High school 104 29%
Some college 96 27%
Associate degree 38 11%
Bachelor’s degree or more 46 13%
2 The other race category included 9 Native American children, 6 Asian-American children, and 8 biracial children.
b The other home language category included 114 children who spoke Spanish at home and 7 children who spoke a language other than Spanish.
Table 2
Child outcomes.
Fall Spring Gain
N Mean SD N Mean SD Mean SD

WJPV: Vocabulary (w) 361 453.20 21.97 350 461.10 16.45 7.74 11.08

WJPV: Vocabulary (standard 343 94.45 14.70 346 94.48 13.52 1.22 8.14
score)

EOW: Expressive language 357 47.96 15.73 346 55.26 16.49 7.34 13.32
(raw)?

WJLW: Decoding skills (w) 362 318.70 24.66 350 340.00 23.49 21.01 19.78

WJLW: Decoding skills 362 91.64 12.59 350 95.71 11.64 3.96 9.97
(standard score)

DIBELS FSF: Initial sounds 361 2.57 6.79 351 6.49 10.27 3.86 8.97
(raw)

DIBELS PSF: Phoneme 360 1.85 5.75 351 4.78 9.21 2.89 8.40
segmentation (raw)

WJAP: Math (w) 362 389.50 28.37 350 408.7 21.72 18.64 17.75

WJAP: Math (standard score) 362 94.65 13.95 349 98.49 11.51 3.55 9.28

NIH Toolbox Flanker: 362 17.43 13.53 341 26.84 11.79 8.74 13.18
Inhibitory Control (raw)?

NIH Toolbox Flanker: 284 100.39 14.80 340 100.75 15.43 1.50 17.54
Inhibitory Control (standard
score)

NIH Toolbox DCCS: Cognitive 362 12.32 12.99 332 19.94 13.20 7.00 15.89
Flexibility (raw)?

NIH Toolbox DCCS: Cognitive 245 100.01 11.76 331 98.16 14.53 -0.75 16.61
Flexibility (standard score)

Teacher rating: Self-regulation 354 3.90 0.56 348 3.92 0.61 0.03 0.35
STRS: Conflict 353 1.41 0.56 348 1.45 0.70 0.04 0.55
TCRS: Acting out 354 1.53 0.69 347 1.59 0.79 0.06 0.48
TCRS: Frustration tolerance 354 3.38 0.92 347 3.47 1.00 0.10 0.73
TCRS: Task orientation 354 3.48 0.99 347 3.70 1.01 0.22 0.75
LBS: Attitude towards 354 1.83 0.29 347 1.81 0.33 —0.02 0.25
learning
LBS: Attention/persistence 354 1.62 0.48 347 1.62 0.47 0.01 0.33
LBS: Competence/motivation 354 1.66 0.40 347 1.68 0.42 0.02 0.31
LBS: Strategy/flexibility 354 1.76 0.32 347 1.73 0.34 —-0.03 0.28

Teacher rating: Social skills 354 4.09 0.60 348 4.22 0.56 0.14 0.43
TCRS: Assertiveness 354 3.36 1.00 347 3.60 0.98 0.24 0.78
STRS: Closeness 354 4.42 0.62 348 4.56 0.52 0.14 0.63
TCRS: Shyness/anxiety 354 1.42 0.56 347 1.40 0.60 —-0.03 0.47
TCRS: Peer social skills 354 3.99 0.81 347 4.13 0.83 0.16 0.67

Note: WJPV = Woodcock-Johnson III Picture Vocabulary (Woodcock et al., 2001). EOW = Expressive One-Word Picture Vocabulary Test (Brownell, 2000). WJLW = Woodcock-
Johnson III Letter-Word Identification (Woodcock et al., 2001). DIBELS FSF and PSF = Dynamic Indicators of Basic Early Literacy Skills First Sound Fluency and Phoneme
Segmentation Fluency (Good, Gruba, & Kaminski, 2002). NIH Toolbox Flanker and DCCS = Flanker Inhibitory Control and Attention and Dimensional Change Card Sort (NIH
Toolbox, 2015). WJAP = Woodcock-Johnson III Applied Problems (Woodcock et al., 2001). Teacher-rated self-regulation and social skills from factor analysis of scale scores
from the Teacher-Child Relationship Scale (Hightower et al., 1986), Learning Behavior Scales (McDermott, 1999), and Student-Teacher Relationship Scale (Pianta, 2001).

2 EOW and Toolbox tasks were administered in Spanish for Spanish-English dual language learners.
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Table 3
ECE quality dimensions.
Classroom level Child level
N Mean SD N Mean SD
Teacher-child interactions (CLASS)
Total score 62 4.341 0.592
Emotional Support 62 5.318 0.669
Classroom Management 62 5.050 0.642
Instructional Support 62 2.656 0.659
Teacher-child language exchanges (LISn) 61 0.042 0.033 309 0.041 0.048
Decontextualized language 61 0.024 0.024 309 0.023 0.035
Elaborated language 61 0.021 0.019 309 0.021 0.030
3+ turns 61 0.002 0.003 309 0.001 0.008
Classroom settings (LISn)
Small group 61 0.084 0.114 309 0.081 0.141
Whole group 61 0.365 0.183 309 0.362 0.233
Free choice/center 61 0.473 0.198 309 0.467 0.227
Instructional activities (LISn)
Literacy activities 61 0.235 0.125 309 0.237 0.211
Sounds activities 61 0.048 0.051 309 0.046 0.105
Math activities 61 0.163 0.134 309 0.152 0.199

Note: CLASS = Classroom Assessment Scoring System (Pianta et al., 2008). LISn = Language Interaction Snapshot (Sprachman, Caspe, & Atkins-Burnett, 2010).

5. Measures
5.1. Child Outcomes

5.1.1. Woodcock Johnson III Tests of Achievement (WJIII)

WIJIII (Woodcock, McGrew, & Mather, 2001) scales were admin-
istered to measure language, literacy, and math skills. The Picture
Vocabulary (WJPV) subtest measures receptive and expressive
vocabulary; the Letter-Word Identification (WJLW) subtest mea-
sures early reading skills such as recognizing letters and reading
words; and the Applied Problems (WJAP) subtest measures numer-
acy math skills such as simple counting, adding, subtracting, and
making comparisons. WJIII is calibrated and normed for ages 2 to
90 years, with reported reliabilities of .69 to .99. The scores used in
analyses were w scores, which are calibrated growth scores.

5.1.2. Expressive One-Word Picture Vocabulary Test (EOW)

The EOW (Brownell, 2000) was administered to measure
expressive language with an individually administered, norm-
referenced test. Children are asked to name objects, actions, and
concepts when viewing color images. EOW assesses the child’s abil-
ity to use spoken words to name depictions of images without
context. EOW takes approximately 15-20 minutes to adminis-
ter and measures English and Spanish/bilingual skills for 2- to
70-year-olds. Reported reliabilities range from .94 to .98. Chil-
dren were administered the EOW in English or using a bilingual
Spanish/English version depending on what parents and teachers
reported was the primary home language. The scores used in anal-
yses were the average standard scores across both the English and
bilingual versions.

5.1.3. Dynamic Indicators of Basic Early Literacy Skills (DIBELS)

DIBELS (Good & Kaminski, 2002) was administered to measure
letter-sound knowledge using First Sound Fluency (FSF) and phone-
mic awareness skills using Phoneme Segmentation Fluency (PSF).
The number of initial sounds of words correctly identified within
one minute is measured on the FSF, with reported reliability for
a pre-k sample of 0.86 (Cummings, Kaminski, Good III, & O’Neil,
2011). The number of correctly orally segmented sounds within
words in one minute is assessed with the PSF, with reported reli-
ability for a pre-k sample of 0.88 (Kaminski & Good, 1996). Raw
scores on these scales were used in analyses because we used the
subtests benchmarked for kindergarten, as pre-K versions were not
available at the time of administration.
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5.1.4. NIH Toolbox - Executive Functioning

Tasks from the NIH Toolbox (Gershon et al., 2013) were admin-
istered to capture EF skills using the Flanker Inhibitory Control and
Attention Test (Flanker) and Dimensional Change Card Sort (DCCS)
tests. Each task is designed to take 3-4 minutes for children three
years and older. On the Flanker, a child is shown a row of fish
on an iPad and asked to focus on the middle fish (target stimu-
lus) while inhibiting attention to other stimuli. The child is asked
to press the arrow that matches the direction the middle fish is
pointing. Sometimes all the fish point in the same direction (con-
gruent) and sometimes in the opposite direction from the target
stimuli (incongruent). This measure had test-retest reliability esti-
mates of 0.92 and external validity of 0.84 for 5-year-olds (Zelazo
et al,, 2013). On the DCCS, which measures cognitive flexibility, a
child is shown two pictures on an iPad that can differ from the tar-
get picture based on two characteristics: shape and color. The child
is asked to match related test pictures to the target pictures, first
according to one characteristic and then, after a number of trials,
to the other characteristic. This measure had a test-retest reliabil-
ity estimate of 0.92 and external validity of 0.72 for 5-year-olds
(Zelazo et al., 2013). The tasks were administered in English when
English was the primary language and Spanish when Spanish was
the primary language according to teachers and children. As part of
the NIH Toolbox, raw and norm-reference scores are available, but
raw scores were used in analyses to describe growth.

5.1.5. Teacher ratings of social skills

Teachers were contacted via email with a link to an online sur-
vey about individual study children in their classroom. The survey
included the Teacher-Child Rating Scale (TCRS, Hightower, et al.,
1986), the Learning Behavior Scale (LBS, McDermott, Green, Francis,
& Stott, 1999), and the short form of the Student-Teacher Relation-
ship Scale (STRS; Pianta, 2001). In this sample, scale scores from all
three measures showed good internal consistency (0.91-0.95).

The TCRS is a teacher rating scale that assesses a child’s social
skillsin seven subscales: acting out (6 items; e.g., disruptive in class);
shyness/anxiety (6 items; e.g., shy, timid), learning problems (6
items; e.g., poor work habits), assertive social skills (5 items; e.g.,
defends own views under group pressure), task orientation (5 items;
e.g., functions well even with distraction), frustration tolerance (5
items; e.g., accepts imposed limits), and peer social skills (5 items;
e.g., makes friends easily). Teachers use a 1- to 5-point Likert scale
to indicate how well each of 38 statements describe the child.
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The LBS is a teacher rating scale that assesses a child’s class-
room learning behaviors in four subscales: competence motivation
(8 items; e.g., easily gives up on tasks), attitude toward learn-
ing (9 items; e.g., “don’t care” attitude to success or failure),
attention/persistence (7 items; e.g., doesn’t stick to tasks), and strat-
egy/flexibility (7 items; e.g., invents silly ways to do tasks). Teachers
use a 1- to 3-point Likert scale to indicate how well each of 29 items
describe the child.

The STRS is a teacher rating scale that assesses teacher’s per-
ceptions of his/her relationship with an individual child on two
subscales: conflict (8 items; e.g., this child easily becomes angry with
me) and closeness (7 items; e.g., this child values his/her relationship
with me). Teachers use a 1- to 5-point Likert scale to indicate how
well each of 15 items describe their relationship with the child.
Teacher ratings on STRS have been validated through associations
with children’s academic and social skills within and across years in
an economic and racially mixed sample (Pianta & Stuhlman, 2004).

Many of the TCRS, LBP, and STRS scales scores were highly cor-
related, so a principal component analysis (PCA) was conducted
to create fewer composites that are more precise than the indi-
vidual scale scores. The PCA with varimax rotation yielded two
factors with eigenvalues greater than one. The first factor, labeled
self-regulation, included TCRS frustration tolerance, TCRS assertive
social skills, LBS competence motivation, LBS strategy/flexibility,
and reverse scores of STRS conflict and TCRS acting out, and
accounted for 43-44% of the total variance in the fall and spring
ratings (alpha = .91 fall and spring). The second factor, social skills,
included STRS closeness, TCRS peer social skills, and reverse scores
of TCRS shyness/anxiety, and accounted for 31-32% of the total vari-
ance in the fall and spring ratings (alpha =.79, fall and .74, spring).
The scale scores of the LBS were transformed to be on the same
scale as the TCRS and STRS and a mean of the scales loading on
each factor was computed.

5.2. ECE quality measures

5.2.1. Classroom Assessment Scoring System

The CLASS (Pianta et al., 2008) measures the quality of teacher-
child interactions in preschool and early elementary school. Ten
dimensions are observed and scored into three domains: Emo-
tional Support, Classroom Organization, and Instructional Support.
Trained data collectors observe classrooms for 4 to 6 20-minute
cycles followed by 10 minutes of scoring. Each dimension is rated
from 1 (low quality) to 7 (high quality). All data collectors were cer-
tified as reliable by the developer and interim reliability was also
computed. Twenty percent of classrooms were visited by two data
collectors for reliability checks, yielding high levels of reliability for
each dimension calculated as agreement within one point on the
scale (> .95) and weighted kappas that ranged from acceptable to
good (.48-.76; M = .65) according to Landis and Koch (1977). On
each domain, intra-class correlations ranged from good to excel-
lent (.83-.97; M = .90; Koo & Li, 2016). The total CLASS score, or
the average of the ratings on Emotional Support, Classroom Orga-
nization, and Instructional Support, was used in analyses due to the
high correlations among the domain scores (.66 <r<.91).

5.2.2. Language Interaction Snapshot (LISn)

LISn (Sprachman, Caspe, Atkins-Burnett, & Kennen, 2009)
describes language interactions between the teacher and target
child in English and Spanish and the classroom settings and activi-
ties in which the target child engages. The data collector (who was
bilingual when observing classrooms with dual language learn-
ers) observes a target child for ten 30-second cycles (5 minutes),
recording who spoke to and to whom the target child spoke, the
language used, the type of verbal communication (e.g., directives,
simple questions, elaborated questions), and the use of contextu-
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alized or decontextualized language during exchanges. At the end
of the 5-minute “snapshot,” the data collector records the settings
(e.g., individual, small group, large group) and type of activities
(e.g., reading, math, arts, transition) in which the target child was
engaged. Each selected child is observed in turn for 5 minutes,
before any child is observed for a second cycle.

Building from the protocol for the Snapshot used in the National
Center for Education, Development and Learning Pre-Kindergarten
Study (Early etal.,2010), we aimed to observe six children per class-
room. Four 5-minute snapshots per child were collected, for a total
of 20 minutes of observation per child and up to 120 minutes of
observation per classroom. All data collectors obtained 80% exact
agreement with a LISn trainer to be certified. In addition, 20% of
classrooms were visited by two data collectors for reliability checks.
Reliability was computed for 15% of each data collector’s obser-
vations, with exact agreement ranging from .70 to .99 (M = .91)
and weighted kappas of .50 to 1.00 (M = .71) for the selected LISn
variables.

We focused on a small set of the LISn variables. The selected
variables were included because they reflected the ECE experi-
ences that we hypothesized would be related either to all outcomes
or to specific outcomes. We hypothesized that experiencing more
frequent complex language exchanges with the teacher would pro-
mote language skills. We created a composite measure of complex
teacher talk by computing the proportion of 30-second cycles in
which the teacher elicited more information from the target child
individually or from a group including the target child using decon-
textualized language, the teacher elaborated on the child’s prior
comment, or the teacher engaged the target child in a conversation
with three or more turns. In addition, for follow-up analyses, com-
plex teacher talk was conceptualized as two separate variables: (1)
decontextualized language, measured as its own construct; and (2)
linguistic responsivity, measured from teacher elaborated talk or
engagement in sustained conversation.

We also hypothesized that spending more time in whole-group
settings would be negatively related to all outcomes, so we included
the counts of 5-minute snapshots in which whole-group settings
were observed. Finally, we hypothesized that spending more time
in content-specific instruction would relate positively to gains in
skills in that content area, so we included the counts of 5-minute
snapshots in which literacy activities were observed (including
activities involving writing, print, and sounds), in which sound-
related activities were observed, and in which math activities were
observed (including activities involving counting, number line, and
number sense).

A mean for each child was computed to describe the ratings
of the 30-second cycles within each 5-minute snapshot. Indices of
internal consistency indicated very little consistency in repeated
measures of the same child but much higher consistency in mea-
sures across children in the same classroom: complex teacher talk
(o =.07,.74), literacy activities (« .03, .54), math activities (« = .26,
.69), and whole group activities (a = .00, .83). Nevertheless, there
were small, but statistically significant differences among children
within the same classroom in the between- and within-classroom
variability estimated by unconditional hierarchical linear models.

Our original focus was solely on classroom level data, so we
maximized the number of classrooms to be observed rather than
the number of children per classroom. Classroom-level summary
scores were computed as the mean of the child-level language
exchanges, settings, and types of activities for all children observed
in the classroom. These classroom-level variables have been used
in prior studies (Bratsch-Hines et al., 2019; Howes et al., 2008) to
provide measures of classroom-level practices. After the data were
collected, we noted that child variables were from 20% to 50% more
variable than the class LISn variables, so we decided to examine
both the child- and classroom-level measures of the LISn variables.
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Overall, 61 classrooms were observed with both the CLASS and
LISn, one classroom was observed only with the CLASS because we
were not able to schedule the LISn observation, and one classroom
was not observed with either measure because the teacher declined
to participate in classroom observations. Of the 362 children in the
analysis sample, 359 had CLASS scores, 354 had classroom-level
LISn data, and, due to absences on the observation day, 309 had the
child-level LISn variables.

5.2.3. Covariates

When parents signed consent forms, they were asked to provide
information about the child’s date of birth, sex, race, language(s)
used in the home, and the mother’s (or primary caregiver’s) educa-
tion. All parents provided this information, but about a quarter of
them answered the race question by indicating they were Latinx.
Covariates included a continuous measure of child’s age at entry
into pre-K; a continuous measure of time between fall and spring
testing; sex, 0 = female, 1 = male; race, 0 = non-African American,
1 = African American; home language, 0 = English 1 = another lan-
guage, typically Spanish; and a continuous measure of the mother’s
years of education.

5.3. Data Analysis

5.3.1. Descriptive analyses

Descriptive statistics included the sample demographics
(Table 1), pre-K gain scores from fall and spring outcomes (Table 2),
and the classroom quality measures (Table 3). Correlations were
computed among the ECE quality dimensions measured at the
classroom level and child level (Appendix Tables A1 and Table A2),
and between the ECE quality dimensions and children’s gains scores
(Table 4).

5.3.2. Inferential analyses

Inferential analyses fit hierarchical linear models (HLM) to
determine the extent to which the classroom-level and child-level
ECE quality dimensions related to gains in child outcomes. A ran-
dom intercept was estimated for each classroom to account for
nesting of children within classrooms. Clustering of the classrooms
within school districts was considered when estimating residuals.
Fall-to-spring gain scores were computed using the w scores for
the Woodcock-Johnson outcomes and the raw scores for the other
measures. This approach was used because gain scores have been
found to reduce selection bias more effectively than using the fall
score as a covariate (NICHD Early Child Care Research Network &
Duncan, 2003). Two two-level HLM models were estimated. Both
models included the classroom-level rating on the CLASS total score
and covariates. Behavior counts of complex teacher talk, content-
specific instruction, and whole group were included in Model 1
as aggregated classroom-level LISn variables and in Model 2 as
child-level LISn variables.

All continuous variables were standardized to have a mean of
zero and standard deviation of one, so model coefficients can be
interpreted as effect sizes. The effect sizes are interpreted as the
difference in standard deviation units between the two levels of
the categorical predictor variable or in a one standard deviation
change in the continuous predictor variable.

The first model included both classroom-level CLASS and LISn
variables at Level 2. Level 1 described the gains of the it? child in the
jt classroom, including the child and family covariates (child age at
entry to pre-K, sex, race, home language, and maternal education),
and the residual for that child, &;. Level 2 related the Level 1 inter-
cept to the CLASS total score and classroom-level LISn variables,
and includes an error term for that classroom, Ajo,

Levell :Y;j=80;+61;< ChildCovariates;;> +¢&;;
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Level2 :SOj:BOO"‘BO] CLASSTota1j+BOZ

Teacher Complex Language;+Bg3Content

Activities;+BosWholeGroup;+Ajo

81i=B1o

The second model included the child-level LISN variables at Level 1
and the CLASS total scores at Level 2 model for the Level 1 intercept.

Levell :Y;;=8g;+61;Teacher Complex Language;;

+6;jContent Activities;+

83jWholeGroup;j+d4j< ChildCovariates;; > +¢;;
Level2 Z(SOJ'=B()0+B()1 CLASSTotaIJ+A]0

81j= B10:82j=B20,83j=B30:04j=B4g

5.3.3. Multiple imputation

Almost all children were assessed again in the spring (> 95%),
so missing data on most outcome measures were minimal. All but
one classroom was observed so there were minimal missing dataon
the measures of classroom practices. However, not all children were
present when LISn data were collected and not all parents provided
demographic information. Multiple imputations were conducted
using the data from the 366 recruited children and the 62 observed
classrooms. The EM algorithm was used to create 40 imputed data
sets. All analyses were conducted with each of these data sets
that included the imputed demographic and classroom quality
data. Analyses were conducted only for children without missing
outcome data (> 95%; Angrist, Imbens, & Rubin, 1996). Parame-
ter estimates were combined, taking within- and between-dataset
variations into account.

5.3.4. Sensitivity analyses

Four sets of sensitivity analyses were conducted. First, each of
the three CLASS domain scores was examined as a separate variable
inthe Model 1 analyses, replacing the CLASS total score. Second, due
to moderately high correlations between LISn complex teacher talk
and the CLASS, we conducted separate sets of analyses to include
the CLASS in the first analysis, the classroom-level LISn variables
in the second analysis, and the child-level LISn variables in the
final analysis. Third, to examine whether linguistic responsiveness
or language complexity related to gains in language skills as con-
trasted by Justice and colleagues (2018), follow-up analyses were
conducted. Our teacher language composite involved the frequency
with which teacher elaborated or sustained conversations (linguis-
tic responsiveness) or elicited (language complexity), so follow-up
analyses examined each of these variables separately. Fourth, we
examined the distributions of all variables involved in significant
associations to address concerns about distributional issues. Highly
skewed distributions on two of the child-level LISn variables led to
testing models with square root transformations of those variables.
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Table 4
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Correlations between gains in child outcomes and classroom- and child-level assessments of ECE quality dimensions.

WJPV EOW WJ LW DIBELS FSF DIBELS PSF W] AP NIH Toolbox Flanker NIH Toolbox DCCS = Self-regulation Social skills
Classroom-level measures
CLASS Total 0.09 0.05 0.17** 0.01 -0.07 0.06 —0.19*** -0.07 0.10 0.11*
Emotional support 0.11* 0.04  0.14* 0.02 -0.05 0.06 —0.18*** -0.03 0.11* 0.10*
Classroom organization 0.04 0.02 0.16** -0.05 -0.09 0.03 -0.18** -0.10 0.09 0.08
Instruction support 0.10 0.08 0.17** 0.06 —-0.02 0.08 —0.15** -0.06 0.06 0.12*
LISn teacher complex talk 0.14** 0.09 0.16* 0.09 0.05 0.03 -0.06 -0.08 0.04 0.15**
Decontextualized language 0.12** 0.10 0.16* 0.09 0.05 0.05 -0.08 -0.08 0.01 0.10
Linguistic responsivity 0.15** 0.06 0.12* 0.07 0.05 0.00 —-0.02 —0.08 0.07 0.17**
LISn literacy activities 0.07 0.16** 0.05 0.07 0.06 -0.03 0.03 -0.04 -0.10 —-0.03
LISn sounds activities -0.02 0.18* 0.09 0.15* 0.14* 0.00 0.09 0.02 0.06 0.04
LISn math activities 0.13**  0.00 0.22*** 0.09 0.12* 0.10 -0.01 -0.07 0.07 0.10*
LISn whole group -0.04 -0.14** 0.09 —-0.08 -0.09 -0.14* -0.13* —0.09 —-0.02 —-0.07
Child-level measures
LISn teacher complex talk 0.15**  0.10  00.12* 0.07 0.06 0.03 -0.07 -0.04 0.03 0.10
Decontextualized language  0.08 0.07 0.11* 0.04 0.07 0.01 -0.07 —0.05 0.01 0.05
Linguistic responsivity 0.18** 0.09 0.10 0.06 0.02 0.05 -0.07 -0.03 0.07 0.13*
LISn literacy activities 0.01 0.09 0.08 0.06 0.05 -0.05 0.00 0.02 -0.05 -0.10
LISn sounds activities -0.04 0.06 0.05 0.14* 0.14* -0.03 0.03 0.03 0.07 —-0.01
LISn math activities 0.03 —-0.00 0.03 0.04 0.04 0.08 -0.05 —-0.02 0.01 0.11
LISn whole group -0.12* -0.16** 0.11 —-0.08 —-0.06 —0.20"** -0.09 -0.01 —-0.02 -0.04

Note: * p <.05; ** p <.01; *** p <.001. WJPV = Woodcock-Johnson III Picture Vocabulary (Woodcock et al., 2001). EOW = Expressive One-Word Picture Vocabulary Test
(Brownell, 2000). WJLW = Woodcock-Johnson III Letter-Word Identification (Woodcock et al., 2001). DIBELS FSF and PSF = Dynamic Indicators of Basic Early Literacy Skills
First Sound Fluency and Phoneme Segmentation Fluency (Good, Gruba, & Kaminski, 2002). NIH Toolbox Flanker and DCCS = Flanker Inhibitory Control and Attention and
Dimensional Change Card Sort (NIH Toolbox, 2015). WJAP = Woodcock-Johnson III Applied Problems (Woodcock et al., 2001). Teacher-rated self-regulation and social skills
from factor analysis of scale scores from the Teacher-Child Relationship Scale (Hightower et al., 1986), Learning Behavior Scales (McDermott, 1999), and Student-Teacher

Relationship Scale (Pianta, 2001).

6. Results
6.1. Descriptive Analyses

Tables 1 and 2 describe the sample, child outcomes, and ECE
quality measures. As shownin Table 1, the sample is predominantly
from low-income families and diverse, with about one-third of the
participants being African American, Latinx, and White. Most of
the Latinx children spoke Spanish at home (about 82%). Table 2
shows that children made statistically significant gains from fall
to spring on language, academic, and EF assessments, and teacher
ratings of social skills, but gains were small for language and EF
skills. Using the CLASS, the pre-K classrooms were rated on aver-
age as having moderately high levels of emotional support and
classroom organization and moderate levels of instructional sup-
port (see Table 3). Teachers were observed engaging in complex
language exchanges with individual children only an average of 4%
of the time, which included decontextualized language an average
of 2% of the time, elaborations that maintained or extended child
comments an average of 2% of the time, and conversations with
three or more turns an average of 0.1% of the time. Children were
observed in literacy activities for an average of 24% of the time and
in math activities for 15% of the time. Their instructional time was
split, on average, between whole group (36%), center/free choice
(48%), and small group (8%), but individual classrooms tended to
spend considerable time in ether whole group or centers (r = -
.65).

Correlations among the ECE quality dimensions are reported in
Tables A1 and A2 in Appendix A. Not surprisingly, large correla-
tions were observed among the three CLASS domain scores, among
the three teacher language variables, between literacy and sound-
related activities and between classroom- and child-level measures
of the same ECE experiences (ranging from .48 for sound-related
activities to .77 for whole group). The only large correlation among
ECE quality variables included in the same model involved the fre-
quency of teacher complex language and of math activities (r =
.47). These correlations support compositing the CLASS and lan-
guage variables and including the child- and classroom-level LISn
variables in separate models.
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Table 4 shows the correlations between gains in child outcomes
and ECE quality measures. The correlations tended to be quite
modest and to reflect the anticipated associations between more
frequent teacher complex talk and gains in vocabulary skills, more
time in literacy activities and gains in language and literacy skills,
and less time in whole group activities and gains in language, math,
and inhibitory control.

6.2. Hierarchical Linear Model Analyses

The two sets of HLM analyses with random classroom intercepts
examined children’s fall to spring gains on each of the outcomes.
Both models included the CLASS total score and the covariates. The
LISn scores reflecting the proportion of time the child experienced
complex teacher talk, content-specific instructional activities, and
whole group settings were summarized at the classroom level in
Model 1 and at the child level in Model 2.

Table 5 shows the variance components for the uncondi-
tional models. Results indicate between-classroom variability on all
outcomes except the NIH Toolbox DCCS measure of cognitive flexi-
bility. Accordingly, no further analyses were conducted to examine
the DCCS.

Table 6 shows the results from Model 1 that included both
classroom-level CLASS ratings and LISn behavior counts. Higher
scores on the CLASS related to significantly smaller gains on the
NIH Toolbox Flanker measure of inhibitory control (B = -0.17, SE =
.06, p <.01). Children showed significantly larger gains in language
skills on the EOW when observed spending more time in literacy-
related activities (B = 0.19, SE = .08, p < .05) or less time in whole
group activities (B=-0.19, SE=.08, p <.01). They made significantly
larger gains in recognizing the first letters of words (B = 0.15, SE
= .06, p <.05) and in phonemic skills (B = 0.13, SE = .06, p < .05)
when observed spending more time spent in sound-related activi-
ties. Finally, they made smaller gain in math skills when they spent
more time in whole group activities (B=-0.14,SE =.06, p <.05). Thus,
this analysis using classroom-level ECE quality measures indicated
that more time in instructional activities related to larger gains in
language and literacy skills and less time in whole group related to
larger gains in language and math skills.
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Table 5
Hierarchical linear model results: random effects.
WJPV EOW WJLW DIBELS FSF DIBELS PSF WJAP NIH NIH Self-regulation Social skills
Toolbox Toolbox
Flanker DCCS
o2(se) o2(se) o2(se) o2(se) o2(se) o2(se) o2(se) o2(se) o2(se) o2(se)
Unconditional model
Class intercept 0.05*** 0.23*** 0.15*** 0.06™** 0.07*** 0.13*** 0.04*** 0.00 0.09*** 0.16***
(0.04) (0.08) (0.06) (0.04) (0.04) (0.05) (0.04) (0.05) (0.06)
Residual 0.95*** 0.77*** 0.86*** 0.94*** 0.93%** 0.87*** 0.96"** 1.00*** 0.91*** 0.85"**
(0.08) (0.07) (0.07) (0.08) (0.08) (0.07) (0.09) (0.09) (0.08) (0.07)
Model 1
Class intercept 0.00 0.19** 0.07 0.05 0.06 0.09 0.02 0.10* 0.13*
(0.06) (0.05) (0.04) (0.05) (0.05) (0.05) (0.05) (0.05)
Residual 0.83*** 0.77*** 0.86*** 0.92*** 0.93*** 0.80™** 0.93*** 0.90"** 0.84***
(0.07) (0.07) (0.07) (0.07) (0.08) (0.07) (0.08) (0.08) (0.07)
Model 2
Class intercept 0.00 0.20** 0.07 0.05 0.07 0.09* 0.02 0.10* 0.13*
(0.07) (0.05) (0.04) (0.04) (0.04) (0.04) (0.05) (0.05)
Residual 0.80*** 0.76*** 0.85%** 0.93%** 0.92%** 0.79*** 0.93*** 0.90*** 0.85"**
(0.07) (0.07) (0.08) (0.08) (0.08) (0.07) (0.08) (0.08) (0.07)

Note: * p <.05; ** p <.01; *** p <.001. WJPV = Woodcock-Johnson III Picture Vocabulary (Woodcock et al., 2001). EOW = Expressive One-Word Picture Vocabulary Test
(Brownell, 2000). WJLW = Woodcock-Johnson III Letter-Word Identification (Woodcock et al., 2001). DIBELS FSF and PSF = Dynamic Indicators of Basic Early Literacy Skills
First Sound Fluency and Phoneme Segmentation Fluency (Good, Gruba, & Kaminski, 2002). NIH Toolbox Flanker and DCCS = Flanker Inhibitory Control and Attention and
Dimensional Change Card Sort (NIH Toolbox, 2015). WJAP = Woodcock-Johnson III Applied Problems (Woodcock et al., 2001). Teacher-rated self-regulation and social skills
from factor analysis of scale scores from the Teacher-Child Relationship Scale (Hightower et al., 1986), Learning Behavior Scales (McDermott, 1999), and Student-Teacher
Relationship Scale (Pianta, 2001).

Table 6
HLM results: relating CLASS and Classroom-Level LISn quality indices to gains in child outcomes.
WJPV EOW WJLW DIBELS FSF DIBELS PSF  WJAP NIH Self-regulation Social skills
Toolbox
Flanker
B(SE) B(SE) B(SE) B(SE) B(SE) B(SE) B(SE) B(SE) B(SE)
Model 1
Intercept -1.23* 0.27 —-0.66 0.75 0.15 -0.48 0.08 -0.11 0.12
(0.58) (0.68) (0.65) (0.65) (0.66) (0.64) (0.65) (0.70) (0.68)
Age at entry to pre-K 0.03 —-0.08 0.04 0.12* 0.11* 0.05 —0.09 0.00 —0.04
(0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.06) (0.05)
Time between fall & spring testing 1.88* -041 0.99 -1.16 -0.23 0.71 -0.12 0.17 -0.18
(0.89) (1.03) (0.99) (0.99) (1.01) (0.97) (0.99) (1.07) (1.04)
Sex (male = 1) -0.07 -0.02 —-0.07 —-0.08 —-0.03 -0.01 —-0.08 —-0.02 0.02
(0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05)
African American -0.03 -0.03 -0.06 -0.02 0.02 -0.06 0.10 -0.12 -0.06
(0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06)
DLL 0.36*** -0.15* 0.14* 0.02 —-0.02 0.27*** —-0.02 0.00 0.11
(0.06) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07)
Maternal education —0.05 -0.07 —0.05 0.05 —0.03 —0.04 —0.05 -0.11 0.02
(0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06)
CLASS total 0.05 0.07 0.11 0.03 —-0.03 0.08 -0.17** 0.09 0.08
(0.05) (0.08) (0.07) (0.06) (0.07) (0.07) (0.06) (0.07) (0.07)
Classroom-Level LISn
Complex talk 0.04 0.03 0.09 0.06 0.05 -0.06 -0.01 —-0.03 0.09
(0.06) (0.08) (0.07) (0.07) (0.07) (0.07) (0.06) (0.07) (0.07)
Literacy activities 0.02 0.19* —0.03
(0.06) (0.08) (0.07)
Sounds activities 0.15* 0.13*
(0.06) (0.06)
Math activities 0.04
(0.07)
Whole group -0.04 -0.19* 0.07 -0.09 -0.09 -0.14* -0.09 -0.02 -0.08
(0.05) (0.08) (0.06) (0.06) (0.06) (0.06) (0.06) (0.07) (0.07)

Note: * p <.05; ** p <.01; *** p <.001. WJPV = WJIII Picture Vocabulary; EOW = Expressive One-Word Picture Vocabulary Test; WJLW = WJIII Letter-Word Identification;
DIBELS FSF and PSF = DIBELS First Sound Fluency and Phoneme Segmentation Fluency; NIH Toolbox Flanker and DCCS = Flanker Inhibitory Control and Attention and
Dimensional Change Card Sort; WJAP = WJIII Applied Problems. Teacher-rated self-regulation and social skills = composites from Teacher-Child Scale, Learning Behavior
Scales and Student-Teacher Relationship Scale. CLASS = Classroom Assessment Systems, LISn = Language Interactions Snapshot. Under LISn, only the activity type relevant to
the outcome was included (e.g. the math activities variable was examined for WJAP, a math outcome). Some outcomes did not have a relevant activity type (i.e. NIH Toolbox
Flanker, self-regulation, and social skills).

Table 7 show the results from Model 2 that included classroom- inhibitory control (B = -0.17, SE as = .06, p < .01). Children made
level CLASS ratings and child-level behavior counts on the LISn. significantly larger gains in recognizing the first letters of words
Some findings were consistent with those from Model 1 using the (B=0.13, SE = 0.06, p < .05) and in phonemic skills (B = 0.13, SE =
classroom-level LISn variables. Children in classrooms with higher 0.06, p <.05) when they were individually observed spending more
CLASS scores showed smaller gains on the Flanker measure of time in sound-related activities. More time in whole group activi-
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Table 7
HLM results: relating CLASS and child-level LISn quality indices to gains in child outcomes.
WJPV EOW WJLW DIBELS FSF  DIBELSPSF ~ WJAP NIH Self-regulation  Social skills
Toolbox
Flanker
B(SE) B(SE) B(SE) B(SE) B(SE) B(SE) B(SE) B(SE) B(SE)
Model 2
Intercept -1.24* 0.20 -0.62 0.69 0.13 -0.57 0.02 -0.14 0.10
(0.58) (0.68) (0.65) (0.66) (0.67) (0.63) (0.65) (0.7) (0.68)
Age at entry to pre-K 0.02 —-0.09 0.03 0.10 0.09+ 0.05 -0.10 0.00 —-0.05
(0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05)
Time between fall & spring testing 1.89* -0.30 0.93 -1.06 -0.20 0.86 -0.03 0.22 -0.15
(0.88) (1.03) (0.99) (1.00) (1.02) (0.97) (0.99) (1.07) (1.04)
Sex (male = 1) -0.05 0.00 —-0.07 —0.06 —-0.01 0.01 —0.08 —-0.01 0.02
(0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05)
African American —-0.02 —-0.04 —-0.06 —0.04 0.01 —-0.05 0.10 -0.11 —-0.06
(0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06)
DLL 0.37*** -0.14* 0.15* 0.03 —-0.01 0.26*** —0.03 0.00 0.13
(0.06) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07)
Maternal education —-0.05 -0.07 —-0.05 0.04 —-0.03 —-0.04 —-0.05 -0.11 0.02
(0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06)
CLASS Total 0.04 0.06 0.12* 0.02 —-0.05 0.06 -0.17** 0.09 0.09
(0.05) (0.08) (0.06) (0.06) (0.06) (0.06) (0.06) (0.07) (0.07)
Child-Level LISn
Complex talk 0.13* 0.11 0.05 0.04 0.04 0.02 —0.04 0.00 0.06
(0.05) (0.06) (0.06) (0.06) (0.06) (0.05) (0.06) (0.06) (0.06)
Literacy activities —-0.01 0.06 0.05
(0.05) (0.06) (0.06)
Sounds activities 0.13* 0.13*
(0.06) (0.06)
Math activities 0.05
(0.05)
Whole group -0.10" -0.19™ 0.09 —-0.09 —-0.05 -0.18™ —-0.08 —-0.06 —-0.06
(0.05) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06)

Note: * p <.05; ** p <.01; *** p <.001. WJPV = WJIII Picture Vocabulary; EOW = Expressive One-Word Picture Vocabulary Test; WJLW = WJIII Letter-Word Identification;
DIBELS FSF and PSF = DIBELS First Sound Fluency and Phoneme Segmentation Fluency; NIH Toolbox Flanker and DCCS = Flanker Inhibitory Control and Attention and
Dimensional Change Card Sort; WJAP = WJIII Applied Problems. Teacher-rated self-regulation and social skills = composites from Teacher-Child Scale, Learning Behavior
Scales and Student-Teacher Relationship Scale. CLASS = Classroom Assessment Systems, LISn = Language Interactions Snapshot. Under LISn, only the activity type relevant to
the outcome was included (e.g. the math activities variable was examined for WJAP, a math outcome). Some outcomes did not have a relevant activity type (i.e. NIH Toolbox

Flanker, self-regulation, and social skills).

ties was related to smaller gains in language skills according to the
EOW measure of expressive skills (B =-0.19, SE = .07, p <.01) and
the WJ measure of math skills (B = -0.18, SE = .06, p <.05).

Other associations emerged in Model 2 that were not detected in
Model 1. Children in classrooms with higher CLASS scores showed
larger gains on the W] measure of basic reading skills (B=0.12, SE =
.06, p <.05). Children showed significantly larger gains on the WJPV
measure of vocabulary when the target child experienced more fre-
quent complex language exchanges with the teachers (B = 0.13, SE
= .05, p < .05). More time spent in whole-group instruction was
related to smaller gains on the W] measure of receptive language
(B =-0.10, SE = .056, p < .05). Thus, this analysis using child-level
LISn quality measures indicated: higher CLASS scores were related
to larger gains in literacy skills, but smaller gains in EF; more fre-
quent complex language exchanges with the teacher were related
to larger gains in receptive language; more time in instructional
activities related to larger gains in language and literacy skills; and
less time in whole group related to larger gains in language and
math skills.

6.3. Sensitivity Analyses

Four sets of follow-up analyses were conducted. First, separate
analyses included the CLASS, classroom-level LISn, and child-
level LISn variables to see whether moderately large correlations
between the CLASS and LISn teacher complex talk suppressed find-
ings. Whereas most findings replicated, one finding emerged that
was not statistically significant in either of the prior analyses.
Results in Appendix Table A3 indicated that the classroom-level
estimates of time in whole-group activities were related to smaller
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gains on the Flanker measure of inhibitory control (B = -0.13, SE =
0.06, p <.05)in analyses that excluded the CLASS. It should be noted
that this change reflected small changes in effect sizes that moved
the estimates from p-values just above p <.05 to just below p <.05.

Second, individual CLASS domain scores replaced the CLASS
total scores to ensure that analyses were not ignoring findings for
specific domains. Given their high intercorrelations (’s > .69), it
is not surprising that the same findings were obtained with the
individual CLASS domains as with the CLASS total score.

The third set of set of follow-up analyses examined indices of
the teacher’s linguistic responsivity and language complexity when
the composite variable was significantly related to gains in child
outcomes. Follow-up analyses indicated that more frequent elabo-
rations by the teacher toward the target child were related to larger
gains on both the W] measure of expressive language, (B = 0.14, SE
=.05, p <.01) and EOW measure of receptive language (B = 0.14, SE
=.05, p <.01). In contrast, more frequent use of decontextualized
language was not related to larger gains on both the W] measure of
expressive language, (B = 0.07, SE = .05, p >.05) or EOW measure of
receptive language (B = 0.06, SE = .06, p > .05).

The final set of follow-up analyses address potential distribu-
tional issues with the change scores or ECE quality scores. The
distributions were relatively normal for the fall to spring outcome
change scores, CLASS scores, and both the child- and classroom-
level measures of time spent in literacy and math activities and
whole-group settings. However, the distribution of child-level
teacher complex language and the amount of time in sound-related
activities were triangular. A square root transformation and a
binary recoding (whether the child ever experienced or not) were
applied to these variables. Both sets of analyses indicated that the
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associations between time spent in sound-related activities and
gains on both DIBELS measures of decoding skills continued to be
statistically significant. The association between time exposed to
teacher complex talk and EOW was statistically significant, and the
association between teacher complex talk with W] PV remained
positive but was no longer statistically significant.

7. Discussion

This study investigated whether ECE quality models should
be more differentiated to include both the types of ECE expe-
riences that may be foundational for developing multiple skills
and the ECE experiences that promote the acquisition of specific
skills. Overall, results indicated that selected quality dimensions
were differentially associated with gains in cognitive and academic
skills in anticipated ways. Furthermore, the quality dimensions
that significantly related to child outcomes were measured using
behavior counts of individual children, not classroom-level ratings
of teacher-child interactions. If replicated in future studies, these
findings suggest classroom-level behavior counts should be con-
sidered to measure ECE quality under most circumstances. As such,
this study makes several psychometric contributions to the study
of ECE quality by suggesting: (1) the “one-size-fits-all” approach
to studying ECE quality should be expanded to examine different
ECE indices for different child outcomes; (2) measures of the expe-
riences of individual children should be considered in addition to
ratings of the entire classroom when assessing ECE quality; and
(3) perhaps child-specific counts will be most useful in predict-
ing individual differences in child outcomes when they measure
experiences that vary markedly among children.

7.1. Differentiated ECE Quality Models for Specific Child Outcomes

Results indicated that different child skills appeared to be
promoted by different ECE quality dimensions. Evidence did not
support the hypotheses that either higher quality teacher-child
interactions measured globally or less time in whole group set-
tings would predict gains in all domains, although time in whole
group settings was related to multiple outcomes in the anticipated
direction. In contrast, many of the anticipated associations between
specific ECE quality dimensions were observed for some of the lan-
guage, academic, and EF outcomes as discussed below for each of
the child outcomes.

7.1.1. Language skills

This study indicated that children showed gains in language
skills when they experienced more frequent complex language
exchanges with their teacher, spent more time in literacy activi-
ties, and spent less time in whole group activities. These findings
largely replicate prior studies and may have important implications
for preschool programs, especially pre-kindergarten programs.

Results indicate that the acquisition of receptive language skills
in ECE may be promoted by frequent complex language exchanges
between the teacher and the target child. This is aligned with
the results of experimental studies demonstrating that linguistic
responsivity and complexity in teacher-child language exchanges
improves children’s language skills (Cabell et al., 2015; Hindman
& Wasik, 2012) and of a recent study that suggested teacher
responsiveness was more important than the complexity or the
overall quality of teacher-child interactions in increasing vocabu-
lary skills (Justice et al., 2018). Despite differences in how language
interactions were measured, both studies suggest that linguis-
tic responsiveness is related slightly more strongly to vocabulary
growth than is language complexity or the overall quality of
teacher-child interactions. Nevertheless, most preschoolers infre-
quently experience complex teacher-child language exchanges
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according to this study and prior studies (Cabell et al.,2011; Sawyer
et al,, 2018).

In addition, children showed larger gains in expressive lan-
guage skills when they spent more time in literacy activities and
less time in whole group activities. It is not surprising that spend-
ing more time in literacy activities, aggregated to the classroom
level, related to gains in language given the documented impor-
tance of literacy activities, such as shared book reading, for oral
language development in early childhood (Callaghan & Madelaine,
2012). Nor is it surprising that spending less time in whole group
activities, measured both at the child- and classroom-level, pre-
dicted larger gains in language skills. Whole group activities likely
provide fewer opportunities for high quality language exchanges
between individual children and teachers, as was demonstrated in
an experimental study of a preschool tiered intervention (Buysse
et al., 2016).

7.1.2. Academic skills

Both instructional time and quality of teacher-child interactions
related to gains inreading skills. Gains in decoding skills were larger
when children spent time in decoding activities as in prior studies
(Bratsch-Hines et al., 2019; Burchinal et al., 2016; Connor et al.,
2006; Pianta et al., 2020). As in prior work (Burchinal et al., 2010,
2016; Howes et al., 2008), gains in literacy skills in this study were
related to higher CLASS scores in at least one analysis.

Consistent with prior studies, children showed significantly
larger gains in math skills when they spent less time in whole group
activities and non-significantly larger gains when CLASS scores
were higher. Intervention studies indicated that mathematical
skills are promoted when children experience instruction involv-
ing a combination of settings (Clements & Sarama, 2007). Previous
studies reported associations between the quality of teacher-child
interactions and math skills as measured by the W] Applied Prob-
lems scale (Hong et al., 2019; Mashburn et al., 2008; Pianta et al.,
2020) that were similar or smaller in magnitude to those observed
in this study, but were significant due to substantially larger sam-
ples.

7.1.3. EF and social skills

This study contributes little to developing an ECE model for
promoting EF or social skills. There was no between classroom
variability on assessed cognitive flexibility and modest classroom
variability on assessed inhibitory control. Gains in inhibitory con-
trol were negatively related to CLASS scores in all analyses and time
spent in whole group activities in the follow-up analyses. Whereas
it is not surprising that more time in whole group activities would
resultin smaller gains in EF skills in this study in a similar manner as
reported in other studies, it is difficult to explain why higher quality
teacher-child interactions relate to smaller gains in inhibitory con-
trol. As in this study, Pianta and colleagues (2020) reported smaller
gains in EF skills when more time was spent in academic activities,
much of which occurred during whole group settings. Unlike this
study, however, they observed larger gains in EF when CLASS scores
were higher (Pianta et al., 2020).

None of the quality measures related to gains in teacher ratings
of social skills or self-regulation. Power may have been an issue.
Prior studies demonstrate associations between CLASS Emotional
Support and social skills (Burchinal et al., 2010; Hong et al., 2019),
and reported similar effect sizes as reported in this study. This study
also may not have observed the most relevant teacher and child
behaviors. For example, self-regulation in preschool and even in
first grade was related to classroom-aggregated ratings of the tone
of the interactions between teachers and individual children and
cooperation in peer interactions (Fuhs et al., 2013).
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7.1.4. Implications

This study may contribute largely to focusing attention on a
more differentiated ECE quality model especially for promoting lan-
guage skills in the preschool classroom. This may be particularly
important because language skills are foundational to subsequent
school success (Lonigan & Shanahan, 2009), and some evidence
suggests that school-entry language, EF, and social skills may be
more important than school-entry academic skills in acquiring aca-
demic and social skills during the elementary school (Burchinal
et al., 2020; Pace, Alper, Burchinal, Golinkoff, & Hirsh-Pasek, 2019).
Preschool programs, especially pre-kindergarten programs, how-
ever, are more successful in promoting basic reading and math
skills than language skills (Bailey, Duncan, Odgers, & Yu, 2017;
Burchinal et al., 2015). This preschool advantage in reading and
math skills fades and can become negative during the elementary
years (Lipsey, Farran, & Durkin, 2018; Phillips et al., 2017). This
may explain why long-term achievement gaps have not diminished
(Reardon, Valentino, & Shores, 2012).

7.2. Measuring ECE Quality

Findings from multiple ECE studies, including this one, raise
questions about relying solely on general classroom-level rat-
ings of teacher-child interactions to describe ECE quality. In this
study, classroom ratings of the quality of teacher-child interactions
were not consistently significantly related to any child outcome
in the hypothesized direction, whereas behavior counts of ECE
experiences related to gains in language and academic skills as
hypothesized. Prior studies also suggested that gains in more
child outcomes were related to behavior counts or ratings than to
classroom-level ratings of the quality of teacher-child interactions
(Justice et al., 2018; Pianta et al., 2020).

Whether behavior counts of individual children should be con-
sidered as child-level or aggregated classroom-level measures
probably depends on the degree to which those experiences vary
within a classroom and how the ECE quality measure is being used.
In this study, remarkably similar associations emerged between
child outcomes and the classroom- and child-level measures of
instructional time and use of whole-group settings. This is likely
because different children’s experiences were similar during the
observational period. These are activities that teachers probably
organize similarly for most to all children in the classroom, even if
not all children are observed doing them at the same time. In that
case, observing even a subset of the classroom probably provides a
good index of experiences for all children in the classroom.

In contrast, other ECE experiences may vary dramatically among
children. How and how much teachers talk with individual chil-
dren and the level of affect they show during interactions with a
given child probably vary depending on child and teacher charac-
teristics. The degree to which teachers engage children in higher
level conversations markedly varied among selected children in
this study and at least one prior study (Sawyer et al., 2018). This
might explain why child-level measures of teacher complex talk
based on 20 minutes of observation related to gains in children’s
vocabulary skills whereas the classroom-level measure based on 2
hours of observation did not. While very few children experienced
frequent complex language exchanges with teachers, about two-
thirds of the children experienced them at least once during our
observations. These individual differences in the degree to which
experiences teacher was significantly related to individual differ-
ences in language skills, suggesting that child-level observations
may be useful in predicting gains in outcomes for the observed
children when there are substantial individual differences in those
behaviors. It is likely, nevertheless, that a classroom-level measure
of complex teacher talk is needed for other purposes such as mon-

47

Early Childhood Research Quarterly 55 (2021) 35-51

itoring and describing classroom quality due to the much higher
reliability of the classroom-level measures.

Unfortunately, we did not design this study to focus on within-
child assessments of quality, and thus we acknowledge it is
surprising that 20 minutes of observation of individual children
significantly related to gains in language, academic, and EF skills as
shown in Model 2 in Table 7. The short observation period, how-
ever, clearly limits the precision of measurement. Accordingly, it is
possible that short observation periods attenuated observed asso-
ciations but should not account for them. If so, more observations,
collected across either multiple days or more settings would prob-
ably provide even better prediction of learning and development
in preschool classrooms, but further investigation of child-level
quality assessment is needed.

7.2.1. Implications

Measures of ECE quality influence how “high-quality” ECE pro-
grams are conceived and funded by policymakers, implemented by
administrators and practitioners, and chosen by families. Includ-
ing the specific ECE experiences measured by behavioral counts
in definitions of high quality ECE has implications for monitoring
and professional development. Classroom-level ratings of teacher-
child interactions currently dominate how quality is defined,
programs are evaluated, and professional development is designed
to improve quality (Burchinal et al., 2015). The most widely-used
measure of teacher-child interaction quality, the CLASS, is used to
evaluate the quality of Head Start programs (e.g., Office of Head
Start, 2011) and state and local pre-K programs (Peisner-Feinberg
et al., 2014; Weiland, Ulvestad, Sachs, & Yoshikawa, 2013) and,
along with the ECERS, serves as the basis for preschool ECE qual-
ity improvement efforts (Build Initiative & Child Trends, 2014).
Both the CLASS and ECERS have been used widely in professional
development, with considerable evidence that such professional
development improved ratings on those scales but little rigorous
evidence to indicate that the professional development improved
child outcomes (for a review, see Burchinal et al., 2015).

In contrast, some evidence suggests professional development
based on behavior counts may improve both quality and child
outcomes. Professional development based on the Snapshot por-
tion of the LISn was implemented in several districts to improve
and align pre-kindergarten to third-grade instruction, providing
non-experimental evidence that the professional development
improved pre-kindergarten quality and child outcomes (Manship,
Farber, Smith, & Drummond, 2016). Similarly, a non-experimental
study indicated that professional development on selected TOP and
COP measures was associated with both improved ECE quality and
child outcomes (Farran, Meador, Christopher, Nesbitt, & Bilbrey,
2017).

7.3. Limitations

First, this study cannot demonstrate causal links between the
examined ECE quality dimensions and children’s learning and
development. Using gain scores accounts, to some degree, for pre-
existing differences in children’s skills at entry to pre-K, but other
factors could still account for the observed associations (NICHD
Early Child Care Research Network & Duncan, 2003).

Second, the findings tend to be modest and somewhat mixed.
For example, the child-level teacher complex language significantly
related to gains in one of two language outcomes, time in content-
specific instruction related to one of two language and two of three
literacy outcomes but not to math outcomes, and time in whole
group settings related to both language outcomes, the math out-
come, and the EF outcome in at least one of the analyses. It should be
noted that associations between complex teacher-child language
and both language outcomes were similar, but only one was sta-
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tistically significant, likely due to limited power in this study of 63
classrooms. Nevertheless, stronger, more consistent findings would
have been more convincing.

Third, no child-level ratings of teacher-child interactions were
collected, so it was only possible to contrast classroom-level ratings
and both classroom- and child-level behavior counts. The contrast
between the CLASS and LISn reflects both differences in methodol-
ogy and the unit of observation. Different conclusions might have
been drawn if child-level ratings of teacher-child sensitivity or ECE
quality ratings or behavior count systems had been collected.

Fourth, the sample is limited to children attending state pre-
K classrooms in rural areas in the Southeast region of the United
States. The NC Pre-K program has higher training and education
requirements and lower ratios and group size regulations than pri-
vate community-based preschools, so it is not clear whether these
findings would generalize to other types of programs. Whether
results generalize beyond rural or pre-K settings cannot be deter-
mined in this study, but analyses of nationally representative data
did not reveal differences in associations between ECE quality and
child outcomes in rural areas and the country in general (McCoy,
Morris, Connors, Gomez, & Yoshikawa, 2016) or between pre-K
and other types of center-based programs (Burchinal et al., 2015).
Nonetheless, caution should be used when generalizing these find-
ings to children in other types of programs or from other regions of
the country.

Fifth, limited between-classroom variability in one of the EF out-
comes meant this study was hampered in relating classroom-level
ECE experiences to cognitive flexibility. Limiting classroom obser-
vations to mornings when instruction was most likely to occur may
have excluded observations of classroom activities that promote EF
or social skills.

Sixth, observing only four to six children per classroom limited
distinctions between the classroom- and child-level LISn vari-
ables since the classroom-level variables were created from the
child-level variables. Thus, caution is warranted when drawing
conclusions regarding whether the classroom- and child-level LISn
variables yielded similar findings.

Seventh, it is also likely that teacher ratings of social skills may
be less sensitive than direct assessments of cognitive and lan-
guage skills because they reflect both observations of the child and
the teacher’s views about what is appropriate social behavior. It
is possible such biases limited the ability of this study to relate
ECE experiences to children’s social skills. In addition, this study
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observed classrooms when teachers indicated they were focusing
on instruction. It is possible that the ECE quality might have related
to children’s social skills if observations included activities such as
meals, nap, and outdoor time.

Finally, it is not clear to what extent teachers or children elicited
the observed interactions among them. It is highly likely that more
engaging children elicited more frequent complex talk, and it is pos-
sible those children show larger gains regardless of what happens
in their classrooms.

8. Conclusion

In summary, findings from this study indicated that differ-
ent child skills appear to be promoted by different ECE quality
dimensions as anticipated, with gains in vocabulary related to the
frequency of complex language exchanges between that child and
the teacher, gains in language and literacy skills related to time
spent on literacy instruction, and gains in language, math, and per-
haps inhibitory control related negatively to time spent in whole
group instruction. Results suggest that behavior counts of indi-
vidual children’s experiences provide good measurement of these
experiences when they are aggregated to the classroom level for
most uses of ECE quality assessments. Exploratory analyses sug-
gest that aspects of ECE quality that likely vary markedly among
classmates may require individual-level assessments of those expe-
riences when the goal is predicting individual differences in child
outcomes.
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Appendix A.

Table A1l
Correlations among classroom assessments of ECE quality.

Class ES Class CO Class IS Teacher Deconcontext- Linguistic Literacy Sounds Math Whole
complex ualized respon- activities activities activities group
talk language sivity

Classroom-level measures
CLASS Total 0.93*** 0.87*** 0.91** 0.32*** 0.33* 0.23 0.08 -0.07 0.15 0.19
Emotional support (ES) 0.70*** 0.80*** 0.25*** 0.23 0.21 -0.01 -0.14 0.19* 0.13*
Classroom organization 0.66*** 0.30*** 0.30* 0.22 0.06 —-0.06 0.02 0.26***
(co)
Instructional support (IS) 0.31*** 0.34** 0.21 0.18 0.00 0.18 0.13
LISn teacher complex talk 0.90*** 0.90*** 0.31* 0.23* 047*** 0.07
Decontextualized 0.65** 0.38** 0.24 0.45** 0.15
language
Linguistic responsivity 0.12 0.13 0.02 —0.05
LISn literacy activities 0.54*** 0.03 0.25*
LISn sounds activities 0.12 0.04
LISn math activities 0.05

LISn whole group

Note: CLASS = Classroom Assessment Scoring System (Pianta et al., 2008). LISn = Language Interaction Snapshot (Sprachman, Caspe, & Atkins-Burnett, 2009).
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Table A2
Correlations among classroom- and child-level assessments of ECE quality.

Child-Level Measures (n = 339)

Teacher complex Decontext- Linguistic Literacy Sounds Math Whole
language ualized language responsivity activities activities activities group
Classroom-level measures
CLASS Total 0.19** 0.20** 0.13* 0.05 -0.04 0.07 0.18***
Emotional Support (ES) 0.14* 0.14* 0.10 0.01 -0.07 0.09 0.13*
Classroom Organization (CO) 0.19*** 0.19*** 0.12* 0.05 —0.02 —0.01 0.24***
Instructional Support (IS) 0.18** 0.227%** 0.13* 0.09 -0.01 0.12* 0.12*
LISn teacher complex talk 0.66™** 0.60™** 0.55"** 0.23%** 0.13* 0.28"** 0.09
Decontextualized language 0.61*** 0.65*** 0.42*** 0.23*** 0.11* 0.29*** 0.12*
Linguistic responsivity 0.60%** 0.44*** 0.62*** 0.24*** 0.09 0.29** 0.12*
LISn literacy activities 0.26™** 0.27*** 0.14* 0.54*** 0.26™** 0.22** 0.12*
LISn sounds activities 0.17** 0.16** 0.12* 0.29*** 0.48*** 0.08 0.04
LISn math activities 0.29*** 0.30*** 0.23** 0.05 0.06 0.64*** 0.04
LISn whole group 0.07 0.10 0.01 0.13* -0.02 0.04 0.77***
Child-level measures
LISn teacher complex talk 0.85*** 0.83*** 0.20*** 0.13* 0.21*** 0.09
Decontextualized language 0.46*** 0.19*** 0.12* 0.25%** 0.13*
Linguistic responsivity 0.13* 0.08 0.11* 0.02
LISn literacy activities 0.44** 0.04 0.17**
LISn sounds activities 0.04 0.06
LISn math activities 0.07
LISn whole group

Note: CLASS = Classroom Assessment Scoring System (Pianta et al., 2008). LISn = Language Interaction Snapshot (Sprachman, Caspe, & Atkins-Burnett, 2010).

Table A3
HLM results relating ECE quality to gains in child outcomes in separate models for the CLASS, classroom-level LISn, and child-level LISn.

WJPV EOW WJLW DIBELS FSF DIBELS PSF WJAP NIH Toolbox Self-regulation Social skills
Flanker
Model 1 CLASS
Intercept -1.23* 0.33 —0.70 (0.65) 0.66 0.08 -0.39 0.11 -0.10 0.12
(0.58) (0.69) (0.67) (0.67) (0.64) (0.64) (0.70) (0.68)
Age atentry to 0.03 —0.09+ 0.03 0.10* 0.10+ 0.05 -0.10+ 0.00 -0.04
pre-K (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05)
Time between 1.88* -0.5 1.06 -1.02 -0.13 0.57 -0.17 0.16 -0.18
F&S tests (0.88) (1.05) (0.98) (1.02) (1.02) (0.98) (0.98) (1.06) (1.04)
Sex (male=1) -0.07 —0.02 (0.05) -0.07 -0.08 -0.02 -0.01 -0.08 -0.02 0.01
(0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05)
African —-0.03 -0.05 —-0.05 -0.04 0.00 -0.07 0.09 —0.12+ -0.07
American (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06)
DLL 0.37*** -0.15* 0.14* 0.03 -0.01 0.27*** -0.02 0.00 0.12+
(0.06) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07)
Maternal —-0.05 -0.07 -0.05 0.04 -0.03 -0.04 -0.05 —0.10+ 0.02
Education (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06)
CLASS total 0.05 0.06 0.15* 0.01 —-0.05 0.03 —0.19"** 0.08 0.09
(0.05) (0.08) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.07)
Model 2 Classroom-level LISn®
T complex talk 0.05 0.05 0.12 0.07 0.04 -0.04 —-0.05 0.00 0.12
(0.06) (0.08) (0.07) (0.06) (0.06) (0.07) (0.07) (0.07) (0.07)
Literacy 0.01 0.19* -0.04
activities (0.06) (0.08) (0.07)
Sounds 0.15* 0.14*
activities (0.06) (0.06)
Math activities 0.04
(0.07)
Whole group  —-0.03 -0.18* 0.09 —-0.09 -0.10 -0.12 -0.13* 0.00 -0.07
(0.05) (0.07) (0.06) (0.06) (0.06) (0.06) (0.06) (0.07) (0.07)
Model 3 Child-level LISn?
T complex talk 0.14™* 0.11 0.07 0.04 0.04 0.03 -0.07 0.02 0.07
(0.05) (0.06) (0.06) (0.06) (0.06) (0.05) (0.06) (0.05) (0.06)
Literacy —0.01 0.06 0.05
activities (0.05) (0.06) (0.06)
Sounds 0.12* 0.13*
activities (0.06) (0.06)
Math activities 0.05
(0.05)
Whole group  -0.10 -0.18"* 0.10 -0.08 —0.06 -0.17** -0.11 0.05 -0.05
(0.05) (0.07) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06) (0.06)

Note: * p <.05; ** p <.01; *** p <.001. WJPV = Woodcock-Johnson III Picture Vocabulary (Woodcock et al., 2001). EOW = Expressive One-Word Picture Vocabulary Test
(Brownell, 2000). WJLW = Woodcock-Johnson III Letter-Word Identification (Woodcock et al., 2001). DIBELS FSF and PSF = Dynamic Indicators of Basic Early Literacy Skills
First Sound Fluency and Phoneme Segmentation Fluency (Good, Gruba, & Kaminski, 2002). NIH Toolbox Flanker and DCCS = Flanker Inhibitory Control and Attention and
Dimensional Change Card Sort (NIH Toolbox, 2015). WJAP = Woodcock-Johnson Il Applied Problems (Woodcock et al., 2001). Teacher-rated self-regulation and social skills
from factor analysis of scale scores from the Teacher-Child Relationship Scale (Hightower et al., 1986), Learning Behavior Scales (McDermott, 1999), and Student-Teacher
Relationship Scale (Pianta, 2001).

2 Models 2 and 3 include the same covariates, but their coefficients are not list listed because they are so similar across mode.
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