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Abstract 
The current study investigated the effectiveness of large-scale, state-sponsored lan-
guage and literacy professional development (PD) intended to improve early child-
hood educators’ knowledge, beliefs, and practices. PD was offered in a real-world 
context and delivered at scale across the state, implemented by an independent con-
tractor. Educators (n = 535) were randomly assigned to participate in one of three 
types of PD: 30 hrs of language and literacy PD presented in a workshop format, 30 
hrs of language and literacy PD plus monthly coaching, or PD on alternative topics 
(comparison). Baseline and outcome measures were collected by an independent 
research team to determine PD effectiveness. Growth curve analyses showed little 
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change in educator outcomes over an 18-month period, with no differences among 
conditions or evidence of moderation by educator or classroom characteristics. Ex-
planations for lack of PD impacts and the importance of evaluating educational in-
vestments are discussed. 

Keywords: professional development, effectiveness trial, early childhood, language 
and literacy 

Over the last two decades, such influential reports as those produced by 
the National Reading Panel (2000) and the National Early Literacy Panel 
(2008) have substantially increased our understanding of the skills that 
children need to develop to become proficient readers. For instance, both 
reports discuss the importance of code-focused (e.g., alphabetics and pho-
nological awareness) and meaning-focused (e.g., vocabulary) skills as 
critical contributors to skilled reading, and present specific empirically 
validated approaches that educators can use to improve children’s skills 
in these areas. Consequently, there has been considerable attention di-
rected toward identifying effective avenues for increasing early educa-
tors’ use of such approaches in their classrooms, typically serving 3- to 
5-year-olds, through professional development (PD). 

PD represents an array of strategies that are used to improve educa-
tors’ knowledge, beliefs, and/or practices in key areas. These can range 
from attendance at brief workshops and seminars at educational confer-
ences to participation in extended coursework, in-class coaching, and/or 
local communities of practice. Large-scale surveys have sought to iden-
tify the attributes of effective PD, such as those strategies most influen-
tial for affecting educators’ knowledge and classroom practice. Specif-
ically, Garet and colleagues reported that PD is most effective when it 
focuses on improving educators’ content knowledge, features opportuni-
ties for active learning, and is integrated and coherent with other growth 
opportunities (Garet, Porter, Desimone, Birman, & Yoon, 2001). The re-
sults of a number of carefully designed studies suggest that PD that in-
corporates these strategies can positively influence a variety of educator 
outcomes, such as disciplinary knowledge (Cunningham, Etter, Platas, 
Wheeler, & Campbell, 2015), beliefs about their own efficacy (Ross & 
Bruce, 2007), and instructional practices in the classroom (Desimone, 
Porter, Garet, Yoon, & Birman, 2002; Jackson et al., 2006; Piasta et al., 
2010). Bringing about change in educators’ knowledge, beliefs, and in-
structional practices is viewed as central in theories of change linking 
PD to improved student achievement, including early literacy (Schachter, 
2015), for theoretical and empirical reasons. Theoretically, educators’ 
knowledge and beliefs guide selection and implementation of classroom 
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literacy practices, with all three constructs expected to influence chil-
dren’s learning (Schachter, Spear, Piasta, Justice, & Logan, 2016; Sheri-
dan, Edwards, Marvin, & Knoche, 2009). Such connections also have em-
pirical support in research studies, although recent work suggests that 
these associations may be more complex than initially understood (see 
Markussen-Brown et al., 2017; Schachter et al., 2016). 

The research community has particular interest in designing and test-
ing PD that improves early educators’ capacity to help prekindergarten-
aged children develop the early literacy skills that are foundational to 
future proficient reading (Cunningham et al., 2015; Hamre et al., 2010; 
Jackson et al., 2006; Landry, Swank, Smith, Assel, & Gunnewig, 2006; 
Pianta, Mashburn, Downer, Hamre, & Justice, 2008; Piasta et al., 2010). 
Such efforts draw upon general consensus regarding those skills that 
are especially important predictors of skilled reading, such as vocabu-
lary and alphabet knowledge (see National Early Literacy Panel, 2008) 
as well as a large volume of work identifying specific classroom practices 
and programs that can help young children develop these early-literacy 
skills (e.g., Arnold, Lonigan, Whitehurst, & Epstein, 1994; Beck & McKe-
own, 2007; Biemiller & Boote, 2006; Cunningham et al., 2015; Hamre 
et al., 2010; Jackson et al., 2006; Justice, Kaderavek, Fan, Sofka, & Hunt, 
2009; Pianta et al., 2008; Piasta et al., 2010). Further, investigations of 
early educators’ classroom practices suggest that many provide only lim-
ited opportunities for children to develop these skills (Cabell, DeCoster, 
LoCasale-Crouch, Hamre, & Pianta, 2013; Cunningham, Zibulsky, & Cal-
lahan, 2009; Justice, Mashburn, Hamre, & Pianta, 2008; Pelatti, Piasta, 
Justice, & O’Connell, 2014). 

Given such circumstances, researchers have conducted well-controlled 
investigations of the effects of PD participation on the knowledge, be-
liefs, and/or practices of early educators with respect to early-literacy in-
struction (Assel, Landry, Swank, & Gunnewig, 2007; Hamre et al., 2010; 
Jackson et al., 2006; Landry, Swank, Anthony, & Assel, 2011; Landry et 
al., 2006; Lonigan, Farver, Phillips, & Clancy-Menchetti, 2011; Milburn 
et al., 2015). These investigations seek to understand the extent to which 
educators exhibit changes in key outcomes as a function of PD participa-
tion, such as the way they organize the classroom for instruction (e.g., 
Landry et al., 2011). Interestingly, several investigations have featured 
planned variations of PD to identify optimal ways to design and deliver 
PD (Jackson et al., 2006; Lonigan et al., 2011). Jackson and colleagues 
(2006), for instance, examined the effects of a 15-week, 44-hr national 
satellite broadcast PD program on the classroom literacy practices of 31 
early childhood educators as compared to 24 controls. A subset of edu-
cators receiving PD also received mentoring in their classrooms over the 
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15-week period from a trained consultant over four to six sessions. Given 
this design, the study sought to determine the value-added of including 
mentoring in PD, in addition to assessing the overall effects of this PD 
program on educators’ practices. Findings indicated that educator par-
ticipation in the PD had positive effects on their classroom practices, but 
that exposure to mentoring had no added value, with changes in educa-
tor practices in the PD and PD+ mentoring groups largely equivocal (see 
also Assel et al., 2007; Lonigan et al., 2011). Such work suggests that par-
ticipation in an extensive PD program can have positive effects on early 
educators’ instructional practices, but that additional in-class mentoring 
may not be a necessary component. 

The present study was conducted to examine the effectiveness of a 
large-scale, state-sponsored effort to improve early educators’ knowl-
edge, beliefs, and practices, with educators participating in either a ba-
sic 30-hr workshop, the workshop plus intensive in-class coaching, or 
a comparison condition. Although Jackson and colleagues’ work did not 
see a positive impact of their PD+ mentoring condition over the basic PD, 
coaching is often included in state-sponsored PD given that there is some 
evidence suggesting that it may be a critical component of effective PD 
in state-sponsored efforts (Landry, Anthony, Swank, & Monseque-Bailey, 
2009; Landry et al., 2011). To this point, although there are a number of 
exemplars in the literature regarding what effective PD should look like 
for early educators, relatively few studies have assessed the effects of PD 
offerings designed and developed outside of the researcher community. 
Presently, early educators have numerous opportunities to engage in PD 
offerings available through not only their employer but also a range of 
for- and non-profit efforts, the latter supported via extensive state and 
federal commitments to elevate the quality of the early-education work-
force (e.g., Early Head Start, Race to the Top). For instance, more than $1 
billion in federal funding has been provided to states via the federal Race 
to the Top Early Learning Challenge program since 2011, which supports, 
in part, provision of state-sponsored PD opportunities for early educa-
tors in an effort to improve the quality of early education. 

There is decidedly little evidence regarding the nature, quality, and 
impact of such real-world PD offerings and the value-added of such in-
vestments (cf. Landry et al., 2009, 2011). In fact, examinations of real-
world PD find that a majority of educators report little to no change in 
their knowledge and practices as a result of participation (Horizon Re-
search, 2002), and large-scale effectiveness research shows that impacts 
of real-world PD on educator practices may be conditional on the charac-
teristics of the educators themselves. For instance, the results of Landry 
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and colleagues’ (2009) study of PD provided to 262 early childhood edu-
cators in four states suggested that effects of intensive in-class coaching 
(twice monthly 2-hr sessions) on overall teaching quality was conditional 
on educators’ baseline teaching quality, such that the PD only benefited 
educators who began with poor to average teaching quality. 

All in all, there is a need to understand whether educators participat-
ing in large-scale PD programs do, in fact, benefit from these experiences, 
in light of the points made earlier as well as several additional consid-
erations. First, it is unclear whether the providers of PD in real-world 
conditions exemplify the quality of providers seen in empirical investi-
gations, who typically receive extensive training and are closely moni-
tored in their implementation of PD. In the Landry et al. (2009) study, 
PD was implemented by two highly trained and closely monitored facil-
itators. These facilitators completed a four-day intensive training work-
shop, participated in weekly conference calls with an overall project man-
ager and weekly conference calls with the entire network of facilitators, 
and were observed on-site several times by the manager. It is unclear 
whether a typical PD provider would have such ongoing support. Sec-
ond, it is also plausible that the participants in real-world PD offerings 
may be distinct in important ways from those studied in scientific inves-
tigations of PD impacts. For instance, one large-scale investigation ex-
amined relations between participation in various aspects of PD on the 
early-literacy practices of 154 early educators (Hamre et al., 2010), all of 
whom were credentialed educators (bachelor’s degree or higher) work-
ing in school-based prekindergarten programs. It is unclear whether sim-
ilar PD results would be observed in a more diverse group of early educa-
tors, such as those with a more limited educational background or those 
working in other settings (e.g., center-based child care, home care). In 
fact, a high level of attrition (about 30%) was reported in one study of 
PD drawing participants from a variety of early-education settings, in-
cluding Head Start and child care programs (Jackson et al., 2006), again 
suggesting that the impacts of PD may be conditional on the population 
of early educators being served, with some but not all participants seem-
ing to benefit (see Landry et al., 2009). 

The present study improves our understanding of PD impacts on the 
early-literacy knowledge and practices of early educators by examining 
educator outcomes as a function of participation in real-world, state-
wide PD. Specifically, the purpose was to examine the effectiveness of one 
large-scale state-sponsored PD effort for affecting early childhood educa-
tors’ knowledge, beliefs, and practices when offered as a stand-alone 30-
hr course or as coupled with a coaching component. This state-sponsored 
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PD model has been offered continually for over 10 years at a cost of ap-
proximately $500,000 annually (excluding development and startup costs 
during initial years). As an effectiveness trial, this study differs in sa-
lient ways from many of the studies on PD conducted to date. First, the 
PD in which early educators participated was designed and implemented 
by contractors with the state, thus differing from other large-scale stud-
ies testing the effects of researcher-developer PD interventions (e.g., As-
sel et al., 2007; Hamre et al., 2010; Landry et al., 2009). Thus, results 
will improve our understanding of the effects seen in real-world PD of-
ferings that are commonplace across the country and exemplify the PD 
programs in which many educators participate. Second, the early educa-
tors who elected to participate in the state-sponsored PD represented a 
broad range of the early education workforce and the contexts in which 
they work, including urban, suburban, and rural settings as well as early 
childhood special education settings. Examining PD impacts on early ed-
ucators who work in diverse classroom settings is important, given ev-
idence that PD impacts may be conditional on educator characteristics 
(see Landry et al., 2009). 

To this end, the present study also examined the ways in which PD 
impacts may vary based on five select educator and classroom charac-
teristics, namely educator education, educator credentialing, classroom 
locality (rural, urban, suburban), affiliation with Head Start, and class-
room enrollment (early childhood special education vs. non-early child-
hood special education). With respect to educator education, we exam-
ined whether PD effects differed as a function of education level given 
prior work suggesting that PD may be more impactful when educators 
have higher levels of education (Landry et al., 2006). For educator cre-
dentialing, based on Early and colleagues’ (2007) work suggesting higher 
quality practices for state-certified early educators, and the large vari-
ability in whether early educators hold such credentials, we assessed 
whether PD would differentially benefit certified and noncertified ed-
ucators. Finally, the classroom characteristics anticipated to moderate 
effects were selected a priori because they are often emphasized in the 
literature as ways to represent the large and diverse early-education sec-
tor into smaller, yet meaningful categorical groupings (e.g., Early et al., 
2007; Miller & Votruba-Drzal, 2013). Because the PD examined in this 
study was offered across the state to educators in diverse programs, in-
cluding those in rural settings and those working in early childhood spe-
cial education programs, there was interest among the state sponsors of 
the PD in determining whether it seemed to particularly benefit educa-
tors working in various settings. 
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Method 

Participants 

Four sequential cohorts of educators participated in the study between 
2010 and 2014; educators were allowed to participate in one cohort of 
the study only. All early childhood educators who registered for state PD 
opportunities were invited to participate in the study if they met the fol-
lowing criteria: (a) held a position as a lead, co-lead, or assistant educa-
tor, (b) directly taught prekindergarten-aged children (i.e., 3 to 5 years 
old), and (c) were open to a variety of PD opportunities (such that they 
could be randomly assigned to condition). PD opportunities are regu-
larly offered to early childhood educators statewide, to meet regula-
tions requiring that all early childhood educators participate in 10 hrs 
of PD per biennium. These opportunities are advertised by the state de-
partment of education and its contractors, such as the Early Childhood 
Quality Network (ecQ-net). During 2012 and 2013, research staff also 
contacted early childhood centers directly to share information about 
PD opportunities. 

A total of 535 educators participated in PD/study activities and con-
tributed data to the present analyses. Originally, 760 educators consented 
to participate, but 29% withdrew prior to the beginning of study activ-
ities, mainly due to employment and/or scheduling changes (e.g., no 
longer working in an early childhood setting, administration no longer 
afforded time to attend PD) that made them no longer eligible to partic-
ipate. Attrition rates were not differential among the three study condi-
tions — 27%, 30%, and 31% for PD, PD+, and comparison conditions re-
spectively; χ2 (2, N = 760) = 1.24, p = .537. The overall attrition rate is 
commensurate with typical turnover rates in early childhood (Hale-Jinks 
& Knopf, 2006; Rhodes & Huston, 2012), similar to rates in other early 
childhood PD studies (e.g., Jackson et al., 2006), and falls within What 
Works Clearinghouse standards (Institute of Education Sciences, 2014). 
In accordance with these standards, analyses also accounted for educa-
tors’ baseline scores. 

Most participants were lead educators in the classroom (66%), with 
some co-educators (11%) and assistant educators (11%; note that per-
centages may not sum to 100% due to missing/unreported data). The 
majority were female (98%), White (78%), and non- Hispanic/Latino 
(82%); 17% were Black and 1% were of other or multiple races. Educa-
tors averaged 43 years of age (SD = 10.86) and 11 years of early childhood 
teaching experience (SD = 7.92). Sixty-six percent held early childhood 
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teaching certification of some kind (i.e., state teaching license). Educa-
tors taught in a range of early childhood programs, including private 
center-based childcare (23%), publicly funded center-based childcare 
(51%), and home-based childcare (3%); 408 different early childhood 
centers were represented. The vast majority taught in mixed-aged class-
rooms serving a combination of 3-, 4-, and/or 5-year-olds (83%), with 
some teaching single-aged classrooms (5%) and some teaching mixed-
aged classrooms that also included younger children (5%). Many taught 
in Head Start programs (36%), given that this comprises the majority 
of publicly funded programs in the state. Most educators reported using 
Creative Curriculum (57%) or High/Scope (10%), with 6% not using any 
particular curriculum. Additional descriptive information is presented in 
Table 1. Notably, educators did not significantly differ across conditions 
on any reported characteristics. 

Table 1. Frequencies for characteristics selected as potential moderators by condition. 

                                                                                    Condition                                                      
K-W

 

                                                               PDa                             
 PD+b

               Comparisonc
 

Moderators   Freq (%)  Freq (%)  Freq (%)  H  p 

Ed level  None  26 (14.3%)  26 (14.5%)  33 (19.0%)  1.67  .434 

 AA  38 (20.9%)  42 (23.5%)  35 (20.1%) 

 BA  56 (30.8%)  43 (24.0%)  59 (33.9%) 

 MA  43 (23.6%)  47 (26.3%)  33 (19.0%) 

Certificate   117 (64.3%)  124 (69.3%) 111 (63.8%)  2.33  .313 

Head Start   62 (34.1%)  63 (35.2%)  68 (39.1%)  0.51  .774 

ECSE   46 (25.3%)  38 (21.2%)  42 (24.1%)  1.31  .521 

Center location  Rural  69 (37.9%)  60 (33.5%)  50 (28.7%)  5.89  .052 

 Suburb  56 (30.8%)  53 (29.6%)  55 (31.6%) 

 Urban  43 (23.6%)  48 (26.8%)  60 (34.5%) 

PD = language and literacy professional development condition; PD+ = language and literacy professional 
development plus coaching condition; Percentages (%) are based on all responses, including those 
with missing data on the moderator variables; freq = frequency; K-W = Kruskal-Wallis test; Ed level 
= education level operationalized as highest degree earned. None = no college degree; AA = two-year 
degree; BA = bachelor’s degree; MA = graduate degree; Certificate = educator had a state certificate. 
Head Start = educator taught in a Head Start program. ECSE = early childhood special education. 

a. n = 182 (30, 59, 40, and 53 in cohorts 1–4, respectively). 
b. n = 179 (27, 54, 44, 54 in cohorts 1–4, respectively). 
c. n= 174 (28, 54, 35, 57 in cohorts 1–4, respectively). 
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Procedures 

Educators were randomly assigned to one of three conditions: language 
and literacy PD (PD), language and literacy PD plus coaching component 
(PD+), or PD on an alternative topic (comparison). Assignments were 
made using batch random assignment restricted to force equal sample 
sizes within each cohort and a computerized random number generator 
(Shadish, Cook, & Campbell, 2002). Educators participated in PD between 
September and January; coaching spanned the full academic year. For 
study purposes, educators reported their knowledge and beliefs via ques-
tionnaires and participated in classroom observations in the fall (base-
line, T1), winter (T2), and spring (T3) of the PD year as well as in the fall 
of the subsequent year (T4). 

PD 
All PD was funded by the state department of education, contracted to 
ecQ-net, and provided at no cost to educators. ecQ-net commissioned 
faculty at Ohio higher education institutions with expertise in emergent 
literacy, math, science, or social studies to provide PD content and de-
livery recommendations. The coaching model was developed collabora-
tively by ecQ-net staff and the faculty creating the literacy modules to 
ensure alignment. PD was delivered by facilitators hired by the state de-
partment of education and trained by either ecQ-net or faculty involved 
in PD creation. All facilitators were content specialists and held at least 
a master’s degree in a relevant field; language and literacy facilitators, in 
particular, were deemed Early Language and Literacy Specialists. All PD 
was offered in various locations across the state during all study years, 
with these selected to be geographically accessible to all participants. 
PD for all three study conditions was offered simultaneously in each se-
lected location and attended by study participants as well as other edu-
cators who did not elect to participate in the study. 

Language and Literacy PD. Educators assigned to the PD and PD+ condi-
tions experienced 30 hrs of language and literacy PD delivered in a work-
shop format; all PD and PD+ educators attended the same workshops fa-
cilitated by the same Early Language and Literacy Specialists. The PD was 
intended to improve early childhood educators’ knowledge, beliefs, and 
practices, with an ultimate goal of supporting young children’s emergent 
literacy development through use of evidence-based practices and inten-
tional teaching strategies. Content was derived from the research litera-
ture, aligned with state early learning standards, and covered five major 
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domains related to providing high-quality language and literacy learn-
ing experiences: (a) Environment, (b) Play, (c) Oral Language, (d) Early 
Reading, and (e) Early Writing. Each domain was covered in two 3-hr 
sessions over one full or two half days with manualized content to facil-
itate consistent delivery across the state; notably, although domain-spe-
cific content was emphasized during these two sessions, content was also 
revisited in other sessions to provide an integrated PD experience (e.g., 
physical literacy environment information was introduced during Envi-
ronment sessions but also discussed in Play sessions with respect to liter-
acy props). All sessions followed a similar three-part format: (a) Explora-
tions, during which facilitators introduced the session’s content and goals 
and worked with educators to explore their existing knowledge, beliefs, 
and practices relevant to session content; (b) Implications and Demon-
strations, during which facilitators provided specific content knowledge, 
introduced particular language and literacy practices as supported by ex-
amples and demonstrations, and provided opportunities for educators to 
try new activities and practices (see online supplementary material for 
sample practices); and (c) Connections to Teaching and Learning, during 
which facilitators summarized the session’s content and goals, discussed 
ways of integrating new content and practices into classroom practices, 
and explained Into Practice activities. In the latter, educators made com-
mitments to implement a specific new practice in their own classrooms, 
document their experiences, and share these experiences in subsequent 
PD sessions. In these ways, the PD not only emphasized building early 
childhood educators’ language and literacy content knowledge but also 
the ways in which this knowledge could be applied to instruction. 

Coaching. In addition to the language and literacy PD above, educators 
assigned to the PD+ condition also experienced coaching designed to fa-
cilitate integration of workshop content into their classroom practice. Ed-
ucators were to receive a minimum of 4 to 6 hrs of coaching per month; 
coaching was to begin simultaneously with the language and literacy 
workshops and continue for the duration of the academic year. The coach-
ing was aligned with the workshops and focused on the same five do-
mains. Coaches were experienced early childhood educators who volun-
teered to participate in the state’s coaching program, also implemented by 
ecQ-net. Each worked under an Early Language and Literacy Specialist, 
from whom they received an additional 24 hrs of coaching training plus 
ongoing support. Coaches also received a coaching manual outlining the 
structure and content of the coaching program. Coaching was designed 
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to follow a cycle involving goal setting, planning, observation, and feed-
back and reflection. Educators worked with their coaches to determine 
particular areas to improve and planned ways to accomplish these goals. 
Coaches observed educators implementing new practices, followed by 
critical reflection and coach feedback on implementation. The coaching 
cycle then repeated with subsequent goal setting. Educators completed 
portfolios documenting these cycles and their progress, and coaches com-
pleted logs documenting coaching activities (Schachter, Weber-Mayrer, 
Piasta, & O’Connell, 2015). 

Comparison. A variety of state PD opportunities were also offered by 
ecQ-net on other topics, and educators randomly assigned to the com-
parison condition experienced PD on these alternative topics to provide 
a rigorous counterfactual and decrease threats to validity (Shadish et al., 
2002). In 2010–2011, educators in the comparison condition completed 
two 12-hr PD offerings on math, science, or social studies, which served 
to closely equate educators on the total amount of PD experienced. The 
format and delivery of these offerings were analogous to that of the lan-
guage and literacy PD. In 2012–2013 ecQ-net replaced these offerings 
with a new 30-hr PD opportunity that directly paralleled the language 
and literacy PD, focused on young children’s cognition, with math, sci-
ence, and social studies content embedded. The comparison PD did not 
emphasize any content covered in the language and literacy PD.1 

Outcome Measures 
Outcome measures were carefully selected based on the stated intent that 
the PD would improve early childhood educators’ knowledge, beliefs, and 
practices, all of which are commonly targeted as PD outcomes (Schachter, 
2015). Researchers met with representatives from the state department 
of education and ecQ-net to select measures that aligned with PD con-
tent and/or represented important intended outcomes (e.g., general ben-
efits to instructional quality). To the extent possible, measures had ex-
isting psychometric information from use in previous empirical studies 
of early childhood PD. 

1. For purposes of this study, ecQ-net attempted to collect survey data from PD fa-
cilitators and participants to document the extent to which PD was implemented 
as intended across the three conditions. Response rates on these measures were 
highly variable (less than 50% for facilitators and less than 25% for educators), 
and data exhibited strong negative skew and limited variability. For these rea-
sons, implementation data were not considered in analyses of educator outcomes. 
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Knowledge. Three measures assessed educators’ language and literacy 
knowledge. The first was a proximal knowledge measure constructed by 
ecQ-net. Eighteen multiple-choice items were developed to assess knowl-
edge of key content from the PD (e.g., “Repeated reading enriches chil-
dren’s: [a] comprehension, [b] ability to see and hear how written lan-
guage works, [c] vocabulary development, [d] all of the above”); these 
items directly aligned with content expressly included in the PD and rep-
resented essential knowledge to be gained from the PD as determined by 
ecQ-net. Findings for this measure should be interpreted with caution 
given low internal consistency (Cronbach’s α = .45), perhaps due to cov-
ering content across all five domains of the PD. The second was a mea-
sure of language and literacy disciplinary knowledge adapted for early 
childhood educators by Cunningham and colleagues (Cunningham et al., 
2009) from the widely used Moats (1994) survey. The measure includes 
19 multiple-choice and short-answer items and assesses educators’ un-
derstanding of oral and written language structures relevant to young 
children’s language and literacy development (e.g., counting syllables, 
manipulating phonemes). Internal consistency for the current sample 
was .77. The third was a measure of educators’ knowledge of language 
and literacy as it informs practice (knowledge for practice) developed by 
Neuman and Cunningham (2009). The measure includes 50 multiple-
choice and 20 true/false items that address eight core language and lit-
eracy competencies (i.e., letter knowledge, literacy assessments, literacy 
curriculum, oral language, comprehension, parental role in language and 
literacy development, phonological awareness, print conventions, strat-
egies for working with second-language learners) and additional items 
concerning child development and best practices as aligned with National 
Association for the Education of Young Children standards. Items were 
reviewed for face validity by early childhood literacy experts and sub-
jected to initial item analysis (Neuman & Cunningham, 2009); internal 
consistency in the current sample was .76. For each of the three knowl-
edge measures, the number of items answered correctly was summed to 
create the raw scores used in analyses. 

Beliefs. Two aspects of educators’ beliefs related to language and liter-
acy were assessed. Educators’ feelings of self-efficacy were assessed via 
a scale specific to supporting young children’s language and literacy de-
velopment (Justice et al., 2008) as adapted from the Bandura Teacher 
Self-Efficacy Scale (1997). Educators rate their perceived efficacy on nine 
items (e.g., “How much can you do to promote children’s alphabet knowl-
edge?”) using a 5-point Likert scale. Psychometric work indicated that 
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five of the nine items comprised a reliable and unidimensional self-effi-
cacy factor (Arthur, McCormick, & Bovaird, 2012). In the present study, 
educators’ ratings for these five items were averaged to create the score 
used in analyses; higher scores indicate greater feelings of efficacy. Inter-
nal consistency was .94. Educators’ beliefs about language and literacy 
development and instruction (language and literacy beliefs) were assessed 
using the Preschool Teacher Literacy Beliefs Questionnaire (Hindman & 
Wasik, 2008). This measure uses 30 items to represent educators’ beliefs 
regarding code-focused skills, oral language and vocabulary, shared read-
ing, and writing within the early childhood context (e.g., “As a teacher I 
believe preschool children should learn to identify beginning and ending 
sounds in words”). Educators rate the extent to which they agree with 
each item on a 5-point Likert scale. Ratings were averaged to create an 
overall score used in analyses; higher scores reflect beliefs more aligned 
with research and best practices. Internal consistency was .78. 

Practice. Two aspects of practice were assessed via one-day classroom 
observations conducted at baseline, T2, T3, and T4. The observation was 
conducted on a day that the educator indicated would be representative of 
typical instruction; educators confirmed representativeness at the end of 
the observation by rating “How typical of a day was today?” on a scale of 
1 (not typical at all) to 5 (very typical; M = 4.26, SD = 0.63). The quality 
of the physical literacy environment was measured via the 27-item Class-
room Literacy Observation Profile (CLOP; McGinty & Sofka, 2009). The 
CLOP was completed by research staff who demonstrated greater than 
90% item-level agreement on three consecutive administrations with a 
master observer. It measures the availability and use of literacy-related 
materials (e.g., various genres of books), environmental print (e.g., child-
generated writing samples, labels), and literacy-related technology (e.g., 
audio center) in the classroom. Each item is rated with respect to pres-
ence (1 = yes, 0 = no) or frequency, with scales for the latter item-de-
pendent (e.g., “How many word/letter puzzles are accessible?” scored as 
0 = none, 1 = one to three, 2 = four to six, and 3 = seven or more). Fre-
quency scales were rescored to range from 0 to 1 by dividing the item 
score by the number of scale categories in order to have all CLOP items 
contribute equally to the summed composite score used in analyses. In-
ternal consistency was .78. 

Baseline, T2, T3, and T4 classroom observations were also video-re-
corded for purposes of measuring the quality of classroom instruction. 
Recordings captured all classroom activities taking place during class-
room instructional time, as defined by the educator (M = 1 hr 33 min, 
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SD = 33 min). Observations were parsed into 20-minute segments (i.e., 
“cycles”), and research staff randomly selected three 20-minute cycles 
for coding using the Classroom Assessment Scoring System, Pre-K ver-
sion (CLASS; Pianta, La Paro, & Hamre, 2006). CLASS assesses educator–
child interactions to measure three domains of quality, namely instruc-
tional support, emotional support, and organizational support. For our 
purposes, the instructional support domain served as the outcome of in-
terest, as the three dimensions comprising the CLASS instructional sup-
port domain (i.e., language modeling, concept development, and quality 
of feedback) aligned well with PD content (e.g., having extended con-
versations with children, use of language-facilitating strategies and di-
verse vocabulary). Moreover, research indicates associations between 
CLASS instructional support and children’s early literacy skill develop-
ment (Hamre, Hatfield, Pianta, & Jamil, 2014), and this has served as an 
outcome of interest in other studies of language- and literacy-focused PD 
(Mashburn, Downer, Hamre, Justice, & Pianta, 2010; Yoshikawa et al., 
2015). Finally, CLASS instructional support was deemed an important 
outcome of interest by the state, given its use as a metric for assessing 
early childhood classrooms participating in the state’s Quality Rating Im-
provement System. For each cycle, trained research staff used a 7-point 
Likert scale to rate each dimension, with higher scores representing bet-
ter quality. The instructional support score was calculated as the average 
across cycles and dimensions. Training consisted of completing a CLASS 
workshop led by a CLASS-certified instructor and achieving the scoring 
reliability standards set by CLASS developers (i.e., 80% scoring agree-
ment on five gold-standard CLASS training videos that includes agree-
ment for any given dimension on at least two out of five videos; CLASS 
procedures define agreement as scoring within one point of the mas-
ter-coded score). Research staff completed annual CLASS recertification 
and demonstrated 88% agreement for the instructional support domain 
across the 20% of cycles randomly selected for double coding across the 
baseline, T2, T3, and T4 observations. Internal consistency was .85. 

Characteristics Selected a Priori as Potential Moderators 
Prior to beginning the study, select educator and classroom character-

istics were chosen as potential moderators to determine whether effects 
would be similar across the diverse array of educators participating in 
the state-sponsored PD. Characteristics were self-reported by educators 
on a questionnaire administered at fall baseline; frequencies by condition 
are indicated in Table 1. Educators’ highest level of education was repre-
sented in moderator analyses via a series of dummy codes representing 
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no college degree, two-year/associate’s degree, four-year/bachelor’s de-
gree, or graduate degree. Certification was represented as a dummy code 
indicating whether or not the educator held stated-issued teaching certi-
fication. Classroom type was originally intended to represent three cat-
egories (i.e., private center-based, publicly funded center-based, home 
based), but few home-based educators participated, and most classrooms 
associated with publicly funded centers were affiliated with Head Start. 
Thus, we reconceptualized this characteristic to reflect whether the edu-
cator taught in a Head Start classroom, represented as a dummy code in 
moderator analyses. Early Childhood Special Education (ECSE) was repre-
sented as a dummy code based on whether the educator indicated teach-
ing in an ECSE classroom or was a special educator teaching within a pre-
school special education program. Finally, the location in which educators 
taught was represented as rural, suburban, or urban via dummy codes. 

Results 

Descriptive statistics for all outcomes are presented in Table 2. With al-
pha set at .05, conditions showed one significant baseline difference: Ed-
ucators in the PD condition exhibited higher quality classroom environ-
ments than those in the comparison condition (d = .25; p = .031). Prior to 
beginning analyses, we investigated patterns of missing data for all vari-
ables included in analyses. The proportion of missing data ranged from 
3.7% to 34.1% across the four time points, with the greatest amounts 
of missing data on the outcome variables measured at T4 (30.6% to 
34.1%) and the variable reflecting whether educators held a state certif-
icate (30.6%). Separate variance t tests indicated that there was a sys-
tematic association between missingness and other variables included in 
the models, suggesting the missing data could not be treated as missing 
completely at random (Enders, 2010; Graham, 2012). Thus, the issue of 
missing data was addressed using full information maximum likelihood 
for all analyses. Analyses were conducted using SPSS v22 and HLM v7. 

Impact of Professional Development 

To determine the effects of the language and literacy PD on educators’ 
knowledge, beliefs, and classroom practice, we used individual growth 
models for each of the seven outcome measures. We began by fitting un-
conditional growth models to capture the patterns of change observed 
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over time (O’Connell, Logan, Pentimonti, & McCoach, 2013). As shown 
in Figure 1, a similar pattern was observed for most outcome measures, 
in that there was some evidence of change between baseline fall and 
spring (T3) of the PD year, and a slight drop-off by fall follow-up (T4). 

Table 2. Descriptive statistics for educator outcomes. 

                                                                                                   Condition 

                                                                                     PD                   PD+        Comparison            ANOVA 

Outcome measures   M (SD)  M (SD)  M (SD)  F  p 

Proximal knowledge  Baseline  12.85 (2.17)  13.29 (2.00)  12.78 (2.11)  2.99  .051

 T2  13.38 (2.14)  13.21 (2.33)  12.96 (2.23)

 T3  13.05 (1.94)  13.19 (2.09)  12.85 (2.26)

 T4  13.38 (2.13)  13.31 (2.07)  13.03 (2.34)

Disciplinary knowledge  Baseline  12.48 (3.28)  12.60 (3.14)  12.13 (3.16)  0.97  .379

 T2  12.90 (3.00)  12.76 (3.24)  12.28 (3.30)

 T3  12.79 (3.12)  13.07 (2.92)  12.38 (3.54)

 T4  13.03 (3.33)  13.08 (3.15)  12.17 (3.63)

Knowledge for practice  Baseline  44.67 (6.54)  44.71 (6.92)  44.86 (6.06)  0.04  .958

 T2  45.38 (6.62)  45.01 (6.94)  44.64 (6.65)

 T3  46.45 (6.66)  44.51 (7.30)  44.86 (6.74)

 T4  44.93 (7.64)  45.60 (6.62)  44.38 (7.19)

Self-efficacy  Baseline  3.26 (0.57)  3.29 (0.61)  3.28 (0.57)  0.15  .862

 T2  3.31 (0.53)  3.38 (0.57)  3.36 (0.55)

 T3  3.29 (0.58)  3.36 (0.58)  3.41 (0.52)

 T4 3.30 (0.62) 3.31 (0.57) 3.29 (0.56)

Language & literacy beliefs  Baseline  2.41 (0.25)  2.45 (0.25)  2.45 (0.24)  1.06  .346 

 T2  2.47 (0.25)  2.44 (0.28)  2.47 (0.25) 

 T3  2.47 (0.30)  2.46 (0.30)  2.46 (0.27) 

 T4  2.47 (0.25)  2.47 (0.28)  2.48 (0.25) 

Quality of literacy environment  Baseline  14.49 (3.30)  13.81 (3.49)  13.48 (3.53)  3.34  .036 

 T2  14.78 (3.65)  14.44 (3.89)  13.85 (3.80) 

 T3  14.55 (3.40)  14.20 (3.83)  13.73 (3.80) 

 T4  14.28 (3.04)  13.71 (3.62)  13.67 (3.23) 

Quality of classroom instruction  Baseline  2.25 (0.66)  2.27 (0.63)  2.24 (0.66)  0.13  .880 

 T2  2.10 (0.60)  2.07 (0.56)  2.03 (0.63) 

 T3  2.15 (0.60)  2.09 (0.59)  2.09 (0.60) 

 T4  2.20 (0.58)  2.14 (0.59)  2.12 (0.59) 

PD = language and literacy professional development condition; PD+=language and literacy professional 
development plus coaching condition; Baseline = fall/T1, T2 = winter, T3 = spring, T4 = fall follow-
up. Maximum possible scores for each outcome are as follows: 18 for proximal knowledge, 19 for dis-
ciplinary knowledge, 70 for knowledge for practice; 4 for self-efficacy, 4 for language and literacy be-
liefs, 27 for quality of literacy environment, and 7 for quality of classroom instruction. 
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Thus, a series of nested quadratic models of growth were fit to the data. 
In these models, patterns of change over time are captured by the lin-
ear and quadratic components, with the linear component representing 
instantaneous rate of change at the intercept point, and the quadratic 
component representing degree of curvature. Based on AIC criteria and 
chi-square difference tests, nested models excluding the quadratic com-
ponent provided significantly worse fit relative to models including that 
component; thus, the quadratic component was retained in all models. 
Chi-square tests of the variance components indicated that the inter-
cepts and linear components should be allowed to vary at random, with 
the quadratic component fixed. Post hoc power analyses based on the pa-
rameters of these growth models indicated sufficient power (> .75) to de-
tect small changes between conditions (less than two-tenths of a point). 

To determine whether PD condition could account for patterns of 
change over time, we next used a set of dummy codes to capture dif-
ferences in the randomly varying intercepts and linear components for 
each of the two language and literacy PD conditions (PD, PD+) versus the 
comparison PD. Models with time centered at baseline were constructed 
first and were recentered in subsequent analyses at T3 and T4 to exam-
ine post-PD differences. Consequently, our interpretation is focused on 
the effects observed in the baseline models and differences in the inter-
cepts in the recentered models. Results are shown in Table 3 for knowl-
edge outcomes, Table 4 for belief outcomes, and Table 5 for practice 
outcomes. Due to the large number of models and variables that we ex-
amined, we used .01 as the a priori alpha level to determine statistical 
significance for all models. 

For each of the three knowledge outcomes, there were no significant 
effects of PD on patterns of growth (Table 3); thus, change did not vary 
by PD received. In fact, the general pattern of change was flat (Figure 
1). The quadratic component was not significantly different from zero 
(β20), and effects for the linear component for the type of PD received 
were also not significantly different from zero (β10, β11, β12, respectively). 
For all three outcomes, the intercepts were significantly different from 
zero at baseline, T3, and T4 (these represent estimated means for the 
comparison condition at baseline, T3, and T4). Participation in the lan-
guage and literacy PD tended to yield larger means than the comparison 
condition over time (β01, β02), but these increases did not attain statisti-
cal significance at α = .01. 

For self-efficacy and language and literacy beliefs, there were no signif-
icant effects of PD on patterns of growth over time (Table 4). The general 
pattern of change for both outcomes was quadratic (β20), with self-efficacy 
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and language and literacy beliefs increasing through T3 and declining 
slightly by T4 (Figure 1). However, the values for the estimated means in 
the recentered models at T3 and T4 show little substantive difference from 
baseline, indicating that the actual amount of change was minimal. 

For the two practice outcomes, quality of literacy environment and 
quality of classroom instruction, a similar quadratic pattern was ob-
served (Figure 1) with no significant effects of PD (Table 5). As with the 
self-efficacy and language and literacy beliefs outcomes, the estimated 
means in the recentered models at T3 and T4 show little substantive dif-
ference from baseline. 

Outcomes for the two language and literacy PD conditions, PD and 
PD+, were compared to determine if there was any advantage of cou-
pling PD with a coaching component. Models akin to all above analy-
ses were estimated, with PD+ (rather than comparison) as the reference 
group. No significant differences were detected between PD and PD+ on 
any of the outcomes. 

Table 3. Conditional quadratic models for educator knowledge outcomes, centered at 
baseline, T3, and T4. 

                              Proximal knowledge           Disciplinary knowledge             Knowledge for practice 

Parameters Baseline T3 T4 Baseline T3 T4 Baseline T3 T4 

Intercept π0 

  Intercept β00 12.792 12.873 12.962 12.109 12.068 11.911 44.655 44.209 43.483

  PD β01 0.157 0.256 0.344 0.308 0.532 0.754 0.185 0.930 1.635

  PD+ β02 0.470 0.255 0.021 0.290 0.572 0.851 –0.072 0.558 1.137

Linear π1 

  Intercept β10 0.029 –0.096 –0.020 0.034 –0.039 –0.062 0.007 –0.089 –0.229a

  PD β11 0.019 0.019 0.015 0.040 0.044 0.038 0.127 0.124 0.123

  PD+ β12 –0.036 –0.036 –0.041 0.049 0.057 0.049 0.109 0.107 0.101

Quadratic π2 

  Intercept β20 –0.001 0.019 0.003 –0.004 0.002 0.004 –0.009 –0.002 0.011 

Variance 

  Intercept τ00 1.936 2.314 2.596 7.321 8.258 9.364 30.823 36.660 45.402 

  Linear τ11 0.001 0.001 0.001 0.002 0.001 0.002 0.055 0.062 0.051

  Residual σ2
 2.375 2.390 2.336 2.730 2.757 2.735 11.355 11.207 11.409

Reliability 

  Intercept β0  .531    .783    .775 

  Linear β1  .017    .211    .049 

Reliabilities estimated from unconditional model. PD = language and literacy professional development 
condition; PD+ = language and literacy professional development plus coaching condition. Baseline = 
fall/T1; T3 = spring; T4 = fall follow-up. Linear component = number of months from baseline. Qua-
dratic component = number of months since baseline squared. 

a. p < .05 ; Boldface p < .01
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Moderator Analyses 

To investigate potential moderation effects of our five a priori educator 
and classroom characteristics, we examined growth curve models that 
included each focal characteristic and its interaction with PD conditions 
on both the intercept and linear component. Models were created sepa-
rately for each characteristic and each of the seven outcomes. 

None of the focal characteristics or their interactions with the PD 
dummy codes significantly predicted the linear components of growth 
curve models. Thus, these effects were removed from models. The final 
series of models testing moderation included the two dummy-coded PD 
variables on both intercepts and linear components along with each of 
the focal characteristics and their interactions with PD as predictors of 
intercepts only. When interactions were not significant, these were re-
moved, and the model was rerun to estimate main effects. 

Only one potential moderator, educators’ highest degree earned, sig-
nificantly interacted with PD and only when knowledge for practice 
served as the outcome (t BA × PD = 2.70, p = .007; t MA × PD = 2.54, p = .001; 
t AA × PD = 1.75, ns). Probing this interaction yielded the pattern exhibited 

Table 4. Conditional quadratic models for educator beliefs, centered at baseline, T3, and T4. 

                                                   Self-efficacy                           Language and literacy beliefs 

Parameters  Baseline  T3  T4  Baseline  T3  T4

Intercept π0 

 Intercept β00 3.300 3.334 3.308 2.446 2.464 2.466
 PD β01 –0.058 –0.040 –0.028 –0.027 –0.009 0.007
 PD+ β02 0.001 –0.005 –0.017 –0.014 –0.021 –0.028
Linear π1 

 Intercept β10 0.027 –0.012 –0.024 0.009 –0.000 –0.003
 PD β11 0.004 0.002 0.002 0.003 0.003 0.003
 PD+ β12 –0.001 –0.001 –0.002 –0.001 –0.002 –0.001
Quadratic π2 

 Intercept β20 –0.002 0.002 0.024 –0.001 0.000 0.000
Variance 
 Intercept τ00 0.170 0.164 0.206 0.040 0.049 0.059
 Linear τ11 0.001 0.001 0.001 0.000 0.000 0.000
 Residual σ2

 0.149 0.151 0.149 0.021 0.022 0.022
Reliability 
 Intercept β0  .609    .718
 Linear β1  .194    .039

Reliabilities estimated from unconditional model. PD = language and literacy professional development 
condition; PD+ = language and literacy professional development plus coaching condition. Baseline = 
fall/T1; T3 = spring; T4 = fall follow-up. Linear component = number of months from baseline. Qua-
dratic component = number of months since baseline squared. Boldface p < .01. 
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in Figure 2, whereby educators in the PD condition with a BA had higher 
means for knowledge for practice than those in the comparison condition 
at baseline, T3, and T4; the same was true when contrasting educators 
in the PD condition with an MA and those in the comparison condition. 
Although the interaction effects were in the same positive direction for 
the PD+ condition at baseline, T3, and T4 (Figure 2), none of these in-
teraction terms were statistically significant. Notably, given the consis-
tent difference in level of knowledge for practice from baseline through 
T4, favoring educators assigned to the PD condition with a BA or MA, 
these results do not indicate that effects of PD were moderated by edu-
cators’ education level. 

For all other outcomes, there were no significant interactions between 
characteristics and the type of PD received, although many characteristics 
showed main effects. In general, educators with higher levels of educa-
tion (BA or MA) tended to have higher levels of knowledge, self-efficacy, 
language and literacy beliefs, and quality of the literacy environment. 

Table 5. Conditional quadratic models for practice outcomes, centered at baseline, T3, and T4. 

                               Quality of literacy environment             Quality of classroom instruction 

Parameters Baseline T3 T4 Baseline T3 T4

Intercept π0 

 Intercept β00  13.602 13.637 13.425 2.213 2.130 2.138
 PD β01  0.859a

  0.737a
  0.660  0.035  0.053  0.068 

 PD+ β02 0.331 0.307 0.313 0.036 0.021 –0.016
Linear π1 

 Intercept β10 0.113a –0.275 –0.170 –0.044 0.040a
 0.035

 PD β11 –0.020 –0.019 –0.016 0.004 0.002 0.003
 PD+ β12 –0.001 –0.000 –0.003 –0.004 –0.005 –0.005
Quadratic π2 

 Intercept β20 –0.011 0.046 0.014 0.003 –0.008 –0.004
Variance 
 Intercept τ00 10.184 8.157 7.900 0.132 0.090 0.100
 Linear τ11 0.027 0.024 0.026 0.001a

 0.001 0.001
 Residual σ2

 3.820 3.855 3.816 0.262 0.267 0.262
Reliability 
 Intercept β0  .410    .788
 Linear β1  .143    .268

Reliabilities estimated from unconditional model. PD = language and literacy professional de-
velopment condition; PD+ = language and literacy professional development plus coach-
ing condition. Baseline = fall/T1; T3 = spring; T4 = fall follow-up. Linear component = 
number of months from baseline. Quadratic component = number of months since base-
line squared. 

a. p < .05 ; Boldface p < .01
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Educators possessing a certificate to teach young children tended to have 
higher levels of knowledge, language and literacy beliefs, and quality of 
the literacy environment. Educators teaching in Head Start classrooms 
tended to have lower levels of disciplinary knowledge and self-efficacy 
but provided higher quality literacy environments. Educators in ECSE 

Figure 1. Growth curves for the average educator by condition for each outcome es-
timated using coefficients from quadratic models at baseline with fixed quadratic 
component added to the random intercept and random linear component. Base-
line = fall/T1; T2 = winter; T3 = spring; T4 = fall follow-up. PD = language and 
literacy professional development condition; PD+ = language and literacy profes-
sional development plus coaching condition; Comparison = nonliteracy professional 
development. 
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classrooms exhibited higher levels on all outcomes except the quality of 
classroom instruction. Main effects of location were more mixed but, in 
general, educators in urban settings tended to have lower knowledge, 
lower language and literacy beliefs, and lower quality of literacy envi-
ronments. Full moderator results are available via online supplemen-
tary materials. 

Discussion 

The purpose of the present study was to examine the effectiveness of 
one state’s language and literacy PD on an array of educator outcomes. 
An advantage of the study was its randomized controlled trial design to 
examine the impacts of PD as typically experienced by educators outside 
of researcher-controlled settings and thus exemplifying the types of PD 

Figure 2. Growth curves of estimated means across time for educators with a bach-
elor’s degree (BA) or graduate degree (MA) in the PD condition relative to educators 
in the comparison group with a BA or MA degree on the measure of knowledge for 
practice. Also shown are growth curves for educators with a BA or MA in the PD+ 
condition, though these interactions were not significantly different from the com-
parison. Baseline = fall/T1; T2 = winter; T3 = spring; T4 = fall follow-up. PD = lan-
guage and literacy professional development condition; PD+ = language and liter-
acy professional development plus coaching condition; Comparison = nonliteracy 
professional development. 
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that most educators are utilizing. Unlike previous studies in which PD 
has been created, implemented, and monitored by researchers, this PD 
was developed and implemented by contractors of the state department 
of education as an ongoing effort to improve educators’ knowledge, be-
liefs, and practices to support the early literacy development of young 
children. We, as researchers, had no personal investment in the PD, nor 
did we help to design it. Indeed, the effectiveness trial was designed as 
a rigorous, independent, and objective evaluation of long-standing, real-
world PD that represented a significant investment of state funds. In part, 
this evaluation tests the return on this investment. Given its scale, the 
study had sufficient statistical power for detecting even small changes 
in educator outcomes and examining potential moderators of PD effects. 
Importantly, this study provides key insights to stakeholders about the 
extent to which this PD was successful in realizing intended impacts as 
implemented in the real-world early childhood context. 

Results of this effectiveness trial showed no impacts of state-spon-
sored language and literacy PD, whether offered with or without a coach-
ing component, on intended educator outcomes. In fact, most outcomes 
showed no or very little evidence of change over the 18- month period 
during which educators were involved in the study. Moreover, results 
showed that the lack of impacts was similar across educators regardless 
of education levels, state certification, affiliation with Head Start, ECSE 
status, or location of their classrooms. Before discussing these findings 
in greater depth, it is important to note that many of the data patterns 
evident in the current study mirror those reported in the extant litera-
ture. For example, educators’ scores on outcome measures used in ex-
tant studies are similar to previously reported findings (Burchinal et al., 
2008; Cunningham et al., 2009; Hindman & Wasik, 2008; Neuman & 
Cunningham, 2009; Pianta et al., 2005), as are main effects for a priori-
selected characteristics examined as moderators (e.g., educators with 
degrees tended to score higher on measures of knowledge [Goldschmidt 
& Phelps, 2010; Kelcey, 2011] and classroom quality [Early et al., 2007; 
LoCasale-Crouch et al., 2007]). The demographic and other background 
characteristics of the sample are also fairly typical of the early child-
hood educator workforce. This is true for gender and race (Clifford et al., 
2005; Institute of Medicine and National Research Council, 2012) as well 
as the use of curricula (Clifford et al., 2005; Lonigan et al., 2011). There 
were, however, more educators in our sample with a bachelor’s degree 
or higher and with state certifications than are typically reported (In-
stitute of Medicine and National Research Council, 2012), perhaps due 
to the large number of participants affiliated with Head Start, which 
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has implemented policy changes recently regarding educator credentials. 
Overall, these similarities to previous reports attest to the validity of our 
outcome data and also indicate that our sample is fairly representative of 
educators who receive PD in real-world, state-sponsored contexts. 

Our results concerning the impact of PD, or lack thereof, can also be 
interpreted within the context of previous research. Whereas several re-
searchers have found positive effects for more controlled, researcher-
led PD (Assel et al., 2007; Hamre et al., 2010; Landry et al., 2011; Lo-
nigan et al., 2011) and closely monitored coaching provided by experts 
(Hindman & Wasik, 2012; Milburn et al., 2015; Powell, Diamond, Burchi-
nal, & Koehler, 2010; Weiland & Yoshikawa, 2013), others have found 
no or limited effects of PD. For example, Neuman and Wright (2010) 
found no impacts on educator outcomes for PD based on coursework 
only, and coursework plus coaching PD impacted the quality of educators’ 
classroom environments but not educators’ knowledge. In their large-
scale study of PD plus coaching offered across four states, Landry et al. 
(2009) did not find impacts of PD on all measures of educator practice, 
and, similarly, in a study of PD targeting educators’ use of language sup-
ports within the classroom, Piasta et al. (2012) showed effects on only 
one of two targeted sets of supports. Moreover, other researchers have 
also found no added value of coaching (Assel et al., 2007; Jackson et al., 
2006; Lonigan et al., 2011). Additionally, with respect to real-world PD, 
state and district offerings have been reported as ineffective (Horizon 
Research, 2002), and educators often report that PD reinforces rather 
than reforms their practice (Hill, 2009). Thus, although disappointing, 
the lack of impacts is not altogether unexpected based on the extant lit-
erature, coupled with the fact that this state-sponsored PD had no pre-
vious evidence of efficacy and was implemented with limited checks on 
implementation. Below, we offer two possible explanations for the lack 
of impacts. 

Lack of PD Impacts on Educator Outcomes 

There are a number of reasons that the state would have anticipated 
the PD to have positive impacts on educator outcomes, with the design 
of the PD perhaps the most compelling. The content of the PD delivered 
in this study was developed by early childhood experts across the state 
and assumed to reflect current and accurate knowledge of best practices 
in language and literacy instruction. Moreover, the PD was designed to 
be intensive, embedded, and ongoing to maximize the likelihood of af-
fecting change in educators’ knowledge, beliefs, and practice, consistent 
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with best PD practices (Garet et al., 2001; Yoon, Duncan, Lee, Scarloss, 
& Shapley, 2007). For example, PD provided 30 hrs of coursework over 
multiple months, which exceeds the minimum recommendation of 14 hrs 
(Yoon et al., 2007), and was further supplemented by monthly coaching 
across the entire academic year for some participants. Moreover, both 
the coursework and coaching included components to link PD content to 
classroom practice. 

Given these strengths in design of the PD, one explanation for the lack 
of impacts is that our measures were not well aligned with the content or 
intended outcomes of the PD. Construct validity is always an important 
design consideration (Borko, 2004; Desimone, 2009), and it is possible 
that the PD affected educator outcomes in ways that were not measured 
in the current study. For example, the PD may have resulted in more sub-
tle changes in the quantity or quality of specific classroom language and 
literacy practices (e.g., providing opportunities to build both code- and 
meaning-focused emergent literacy skills associated with later reading 
success; utilizing evidence-based best practices such as print referencing 
or explicit vocabulary instruction; regularly engaging children in shared 
book reading; Piasta, 2016) than could be captured in the selected out-
come measures. We must point out, however, that we took great care in 
selecting study measures, choosing these in collaboration with key stake-
holders to reflect content targets of PD and the intended outcomes as 
represented in the theory of change evident in PD documentation. Fur-
ther, with the exception of the proximal knowledge measure, one of the 
strengths of this study was our use of existing knowledge, beliefs, and 
practice measures that have been validated in previous research, both to 
ensure construct validity and to increase interpretability of our findings 
relative to available literature. To this end, the educators in our sample 
scored similarly on these measures compared to previous reports (Cun-
ningham et al., 2009; Hindman & Wasik, 2008; Neuman & Cunningham, 
2009; Pianta et al., 2005), and baseline scores were sufficiently low to al-
low for growth (i.e., results were not due to ceiling effects). We also uti-
lized multiple measures to more fully represent our broad constructs of 
interest (knowledge, beliefs, practice) and capture potential changes as 
a result of PD. Yet, despite this attention to construct validity, it remains 
a possibility that our measures were not nuanced enough to detail more 
specific changes in educators’ outcomes. More generally, more sensitive 
and psychometrically strong knowledge, beliefs, and practice measures 
are needed, particularly those that can be flexibly used across multiple 
settings (Schachter, 2015) as well as those that have been designed to 
reliably capture longitudinal change. A related measurement limitation 
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worth noting concerns the proximal knowledge measure developed by 
ecQ-net to directly align with PD content. This measure had high face 
validity but had not been used in previous research or undergone rig-
orous psychometric evaluation; although results for this measure par-
alleled those for the other knowledge measures, these results should be 
interpreted with caution particularly given the low internal consistency. 

Alternatively, a second explanation for the lack of PD impacts is that 
the state-sponsored PD was ineffective in changing educators’ knowl-
edge, beliefs, or practice. Although reasons for this cannot be definitively 
identified, we can conjecture that aspects of PD content and format, as 
well as challenges inherent to implementing PD in real-world contexts, 
may have contributed to lack of effects. First, it may be that the content 
addressed within the PD was too broad to effect change; it is unclear to 
what depth content must be addressed in order to achieve effects, espe-
cially for practice outcomes (Landry et al., 2009; Neuman & Cunning-
ham, 2009). Moreover, although the PD was manualized to ensure con-
sistent content, facilitators had flexibility in how content was conveyed 
and linked with existing knowledge, beliefs, and practice in an effort to 
meet recommendations that PD be individualized for adult learners (We-
ber-Mayrer, Piasta, & Pelatti, 2015). This may have influenced exposure 
to content as well as uptake. Furthermore, despite attempts to ensure 
that the PD was embedded and connected to educators’ practice, the man-
ner in which the PD made these connections (e.g., reflection, Into Prac-
tice activities, coaching) may not have been sufficient. In general, there 
is little empirical evidence as to how to best achieve connections to prac-
tice or individualization within the design of PD (Peterson, Taylor, Burn-
ham, & Schock, 2009; Wayne, Yoon, Zhu, Cronen, & Garet, 2008) and 
more research on these topics is necessary. Relatedly, although coach-
ing was expected to provide additional embedded, ongoing, and practice-
based support, it may not have realized these aims. We have emerging 
evidence that coaching interactions targeted a wide variety of topics be-
yond the practices emphasized in PD (Schachter et al., 2015), suggesting 
that coaching may not have been as tightly aligned with PD content as 
intended. Additionally, although most educators attended PD sessions at 
the level expected (attendance ranged from 80% to 100% [M = 0.98, SD 
= 0.06] based on the state database used to document compliance with 
PD regulations), exposure to coaching was much more variable; not all 
educators in the PD+ condition experienced 4 to 6 hrs of coaching per 
month (range of 1 to 78 total hrs [M = 28.62, SD = 19.99] based on logs 
submitted by coaches). Notably, ideal levels of PD exposure or intensity 
have not been established in the literature, and the nature of associations 
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with educator outcomes, whether incremental or threshold-dependent, 
remains unclear (Weber-Mayrer et al., 2016). The quality of coaching 
also likely varied, given that coaches were volunteers who, anecdotally, 
differed in their experience levels, expertise, and amount of support re-
ceived. The lack of information about coaches and the coaching process, 
although common in large-scale coaching studies, is a limitation that de-
serves greater attention in the future. 

Overall, we cannot be sure that the PD was implemented as intended, 
such that all participating educators experienced high-quality PD. Exam-
ining the quality of the PD was not a main goal of this investigation, and 
quality of implementation is a difficult construct to measure, rarely ac-
counted for in other intervention studies (Durlak & DuPre, 2008). Imple-
mentation is particularly challenging to assess within large-scale, real-
world contexts. In the present study, we had hoped to examine multiple 
indicators of implementation fidelity, including ratings of quality, ad-
herence, and participant responsiveness, as potential moderators or me-
diators of PD impacts (Desimone, 2009) but were restricted in mea-
suring implementation, due to parameters of our partnership with the 
state and ecQ-net, limited resources, and the need to remain indepen-
dent from implementation. When coupled with low response rates and 
limited variability, little information could be gained from analysis of im-
plementation data. Thus, the issue of quality, in terms of maintenance, 
measurement, and links with outcomes, remains a possible explanation 
for lack of PD effects and is a crucial issue to consider in future PD en-
deavors and research. 

Challenges and Importance of Effectiveness Trials 

The need to examine effects of programs, policies, and practices within 
real-world contexts has received growing attention (Gottfredson et al., 
2015; James-Burdumy et al., 2012; Sarama, Clements, Starkey, Klein, & 
Wakeley, 2008). Such studies remain relatively scarce in the education 
literature, however, perhaps due to the challenges inherent in effective-
ness trials (Gottfredson et al., 2015). These include more heterogeneous 
samples, greater potential for attrition, variability in implementation fi-
delity, and the need to coordinate and standardize implementation and 
data collection across geographically dispersed sites. 

Notwithstanding such challenges, effectiveness trials are critically im-
portant in understanding the success, or lack thereof, of educational ap-
proaches when adopted and implemented at large scale. Ideally, smaller, 
more controlled studies would have been conducted to demonstrate the 
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efficacy of this specific PD model prior to the large state investments 
and being brought to scale. Such evidence, coupled with better imple-
mentation data, would help disentangle alternative explanations for the 
current null findings. Yet, it is not uncommon for policies or programs 
to be enacted with substantial cost prior to investigating their effective-
ness (Kennedy, 2010; Rogers, 2014), and, regardless of scale, evidence 
that PD or other interventions can improve intended outcomes is criti-
cal for key stakeholders when considering whether to continue invest-
ments in educational practices (Chen, 2010). The operating costs of the 
current PD were over $500,000 annually. This estimate does not include 
costs associated with venues for PD offerings (provided in-kind by early 
childhood agencies and organizations), initial creation of PD content and 
design, coverage/travel for educators to attend PD sessions, or compen-
sation for coaches, who were volunteers. This figure also does not in-
clude the hundreds of hours invested by early childhood educators par-
ticipating in the PD. In the face of such investments, it is imperative that 
we understand how initiatives at the state and federal level are enacted 
and, as importantly, how effective they are in achieving their goals. The 
current results suggest the need to strongly consider the potential chal-
lenges inherent in large-scale implementation of PD and also the need to 
consult the research literature to discern evidence-based means of sup-
porting educator change when designing and enacting state- or district-
wide PD models, such as those proposed in federal initiatives (e.g., Race 
to the Top) and other quality improvement systems. For example, stud-
ies suggest that effective coaching may require highly qualified and well-
trained expert coaches, a strong emphasis on practice, tailoring of content 
for individual educators, and use of particular evidence-based strategies 
linked to educator change (e.g., Bean, Draper, Hall, Vandermolen, & Zig-
mond, 2010; Carlisle & Berebitsky, 2011; Matsumura, Garnier, & Resnick, 
2010; Sailors & Price, 2015). The extent to which such key components 
can be integrated and their integrity maintained within large-scale PD 
remains an open question and likely delineates whether such PD can ac-
tualize intended goals. 

In sum, the results of the current study do not provide evidence that 
this particular state-sponsored PD was effective in improving educators’ 
language and literacy knowledge, beliefs, or practice. Rather, results high-
light a continued need to attend to issues of design, quality, and delivery 
of PD for early childhood educators, especially for large-scale implemen-
tations, and serve as a caution against investing in large-scale PD mod-
els without initial evaluations of efficacy and implementation fidelity. 
Given that some early childhood educators are not adequately prepared 
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to provide the high-quality language- and literacy-rich learning oppor-
tunities that place children on the path to continued literacy success (Ca-
bell et al., 2013; LoCasale-Crouch et al., 2007; Pelatti et al., 2014), invest-
ments are needed to develop and test PD programs that are both viable 
and effective in real-world contexts. 
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Table S.1 

Examples of Language and Literacy Practices Targeted in PD and PD+ Conditions 

Domain Examples of Practices 

Environment Providing a print-rich environment 

Engaging in shared and repeated reading of different book genres 

Play Integrating literacy-related materials in dramatic play and other learning centers 

Modeling authentic literacy behaviors during play 

Engaging in literacy play by following the child’s lead 

Oral Language Modeling, recasting, and expanding contextualized and decontextualized language 

Engaging children in multi-turn conversations 

Using rhymes, songs, books, and games to teach phonological awareness 

Early Reading Using story maps and KWL charts to support comprehension 

Print referencing during shared reading 

Early Writing Modeling writing 

Engaging in shared writing 

Providing writing materials and activities in learning centers 

Across Domains Using the instructional cycle of assess-plan-teach 

Differentiating instruction for individual learners 

Making home-school connections 
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Table S.2 

Conditional Quadratic Models with Education Level Added to 3 Educator Knowledge Outcomes, Centered at Baseline, T3, and T4 (FIML) 

  Proximal Knowledge   Disciplinary Knowledge   Knowledge for Practice 

Parameters Baseline T3 T4 
 

Baseline T3 T4 
 

Baseline T3 T4 

Intercept 0            

Intercept 00 11.879 11.962 12.028 
 

10.150 10.141 9.960 
 

40.885 40.394 39.610 

PD 01 0.141 0.240 0.297 
 

0.150 0.374 0.579 
 

-3.473 -2.725 -1.950 

PD+ 02 0.414 0.183 0.021 
 

0.109 0.411 0.721 
 

-1.877 -1.300 -0.731 

AA 03 0.888 0.891 0.910 
 

1.513 1.474 1.520 
 

3.233 3.221 3.276 

BA 04 1.105 1.101 1.113 
 

2.521 2.489 2.538 
 

4.819 4.817 4.861 

MA 05 1.477 1.492 1.428 
 

3.414 3.402 3.441 
 

6.861 6.847 6.822 

AA*PD 06                                                  
 

3.200 3.234 3.189 

BA*PD 07                                                  
 

     4.512 4.557 4.500 

MA*PD 08                                                  
 

   4.617 4.719 4.745 

AA*PD+ 09                                                  
 

1.389 1.413 1.376 

BA*PD+ 0,10                                                  
 

2.651 2.676 2.681 

MA*PD+ 0,11                                                  
 

1.531 1.577 1.637 

 
Linear  

        
Intercept 10 0.027 -0.091 -0.025 

 
0.036 -0.032 -0.063 

 
0.001 -0.113 -0.240 

PD 11 0.019 0.018 0.017 
 

0.039 0.045 0.036 
 

0.136 0.131 0.130 

PD+ 12 -0.039 -0.039 -0.035 
 

0.053 0.061 0.054 
 

0.105 0.101 0.100 

            
Quadratic  

Intercept 20 -0.001 0.019 0.004 
 

-0.005 0.002 0.004 
 

-0.009 0.001 0.012 

            
Variance 

           
Intercept 00 1.696 1.960 2.167 

 
6.179 6.728 7.519 

 
20.891 25.620 32.938 

Linear 11   0.001 0.001 0.001 
 

0.002 0.001 0.002 
 

0.051 0.058 0.048 

Residual  2.388 2.376 2.372   2.721 2.750 2.729   11.105 10.953 11.154 

Note. FIML = full information maximum likelihood; PD = language and literacy professional development condition; PD+ = language and literacy 

professional development plus coaching condition. Education level operationalized as highest degree earned; AA = two-year degree; BA = bachelor's degree; 

MA = graduate degree. Baseline = fall/T1; T3 = spring; T4 = fall follow-up. Interaction terms presented for knowledge of practice because they were 

significant. Linear component = number of months from baseline. Quadratic component = number of months since baseline squared. Boldface p < .01. 
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Table S.3 

Conditional Quadratic Models with Education Level Added to Educator Beliefs and Practice Outcomes, Centered at Baseline, T3, and T4 (FIML) 

 Self efficacy 
 

Language & Literacy Beliefs  

Quality of Literacy 

Environment  

Quality of Classroom 

Instruction 

Parameters Baseline T3 T4 
 

Baseline T3 T4 
 

Baseline T3 T4 
 

Baseline T3 T4 

Intercept 0                

Intercept 00 3.189  3.235  3.221 
 

 2.360 2.376 2.378 
 

12.033 12.049 11.807 
 

 2.186  2.097   2.092 

PD 01 -0.035 -0.032 -0.033 
 

-0.026 -0.005 0.015 
 

0.860 a  0.771 a   0.728 
 

 0.032  0.055   0.075 

PD+ 02 0.036  0.017 -0.005 
 

-0.008 -0.014 -0.019 
 

0.370 0.328   0.323 
 

 0.017  0.026   0.010 

AA 03 0.038  0.040  0.036 
 

0.070 a 0.072 a 0.071 a 
 

1.690 1.682   1.688 
 

 0.029  0.026   0.025 

BA 04 0.107  0.109  0.109 
 

 0.122 0.124 0.125 
 

2.052 2.024   2.029 
 

 0.035  0.033   0.031 

MA 05 0.188  0.192  0.188 
 

 0.138 0.140 0.140 
 

2.001 1.983  1.998 
 

 0.062  0.060   0.057 

                
Linear 1               

Intercept 10 0.031 -0.010 -0.024 a 

a  
 0.009 0.000 -0.003 

 
0.094 a -0.249  -0.165 

 
-0.042  0.035   0.030 a 

PD 11 0.001 -0.000 -0.001 
 

 0.004 0.003 0.004 
 

-0.014  -0.014 -0.011 
 

 0.004  0.002   0.004 

PD+ 12 -0.003 -0.004 -0.004 
 

-0.001 -0.001 -0.001 
 

-0.004  -0.004 -0.006 
 

 0.000 -0.001  -0.001 

                
Quadratic 2 

Intercept 20 -0.002    0.002  0.002 
 

-0.001 0.000 0.000 
 

-0.010 0.041   0.013 
 

 0.003 -0.008 a  -0.003 

                

Variance 
               

Intercept 00 0.168    0.162  0.207 
 

0.038 0.045 0.053 
 

9.618 7.600   7.219 
 

 0.123  0.086   0.092 

Linear  00 0.001    0.001  0.001 
 

0.001 a 0.001 a 0.001 a 
 

0.024 0.022   0.023 
 

 0.001  0.001   0.001 

Residual 2  0.148    0.151  0.148 
 

0.022 0.022 0.022 
 

3.796 3.829   3.790 
 

 0.267  0.271   0.268 

Note. FIML = full information maximum likelihood; PD = language and literacy professional development condition; PD+ = language and literacy professional 

development plus coaching condition. Education level operationalized as highest degree earned; AA = two-year degree; BA = bachelor's degree; MA = graduate 

degree. Baseline = fall/T1; T3 = spring; T4 = fall follow-up. Linear component = number of months from baseline. Quadratic component = number of months 

since baseline squared. a p < .05; Boldface p < .01. 
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Table S.4 

Conditional Quadratic Models with Certification Added to 3 Educator Knowledge Outcomes, Centered at Baseline, T3, and T4 (FIML) 

 
Proximal Knowledge 

 
     Disciplinary Knowledge  Knowledge for Practice 

Parameters Baseline     T3      T4   Baseline    T3        T4 
 

Baseline      T3     T4 

Intercept 0            

Intercept 00 12.504 12.564 12.682 
 

11.024 11.040 10.874 
 

42.418 41.980 41.406 

PD 01 0.107 0.212 0.278 
 

0.339 0.478 0.615 
 

0.609 1.066 1.507 

PD+ 02 0.312 0.205 0.094 
 

0.423 0.666   0.900a 
 

0.454 0.968 1.440 

Certificate 03 0.622 0.639 0.624 
 

1.685 1.668 1.712 
 

3.634 3.636 3.651 

            
Linear 1 

Intercept 10 0.023 -0.101 -0.013 
 

0.041 -0.029 -0.070 
 

-0.024 -0.133 -0.171a 

PD 11 0.018 0.020 0.013 
 

0.024 0.034 0.025 
 

0.078 0.075 0.075 

PD+ 12 -0.017 -0.020 -0.020 
 

0.040 0.060a 0.044 
 

0.089 0.088 0.085 

            
Quadratic2

Intercept 20 -0.001 0.020 0.003 
 

-0.004 0.001 0.005 
 

-0.005 0.008 0.008 

            
Variance 

           
Intercept  1.889 2.201 2.403 

 
6.646 7.587 8.792 

 
23.814 30.996 40.835 

Linear  0.001 0.001 0.001 
 

0.003 0.002 0.003 
 

0.056 a 0.062 a 0.050 a 

Residual 2 2.267 2.254 2.263   2.490 2.507 2.485   11.613 11.442 11.698 

Note. FIML = full information maximum likelihood; PD = language and literacy professional development condition; PD+ = language and literacy professional 

development plus coaching condition. Baseline = fall/T1; T3 = spring; T4 = fall follow-up. Linear component = number of months from baseline. Quadratic 

component = number of months since baseline squared. a p < .05; Boldface p < .01. 
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Table S.5 

  

Conditional Quadratic Models with Certificate Added to Educator Beliefs and Practice Outcomes, centered at Baseline, T3, and T4 (FIML) 

Parameters 

 Self efficacy  Language & Literacy Beliefs  

Quality of Literacy 

Environment  

Quality of Classroom 

Instruction 

Baseline    T3    T4 
 

Baseline T3    T4 
 

Baseline    T3    T4 
 

Baseline    T3 T4 

Intercept 0                

Intercept 00 3.274 3.297 3.270 
 

 2.412 2.429  2.436 
 

13.330  13.225 12.796 
 

 2.189 2.110 2.139 

PD 01 -0.093 -0.071 -0.051 
 

-0.037 

 
-0.009  0.018 

 
 -0.083  0.146 0.387 

 
-0.041 -0.009 0.024 

PD+ 02 -0.034 -0.042 -0.053 
 

-0.020 -0.035 -0.051 
 

 -0.397 -0.286 -0.140 
 

-0.009 -0.034 -0.077 

Certificate 03  0.088 0.087 0.088 
 

 0.080 0.081  0.082 
 

  1.256 1.247 1.253 
 

 0.100 a 0.099 a 0.099 a 

 
Linear 1 

Intercept 10 0.024 a -0.017 -0.021 a 
 

 0.006 0.001 -0.001 
 

0.120 a -0.319 -0.241 
 

-0.050 0.049a  0.049 

PD 11 0.004 0.002  0.004 
 

 0.005 0.004  0.005 
 

 0.039  0.041  0.042 
 

0.006 0.003  0.006 

PD+ 12 -0.002 -0.002 -0.002 
 

-0.003 -0.003 -0.003 
 

 0.023  0.023  0.022 
 

-0.005 -0.007 -0.007 

                
Quadratic 2 

Intercept 20 -0.002 0.003 0.002 a 
 

-0.000 0.000  0.000 
 

-0.015  0.049  0.018 
 

  0.004 -0.009 -0.007 

 
Variance 

Intercept 00 0.161 0.166 0.209 
 

 0.035 0.044  0.054 
 

 9.655  7.425 7.169 
 

0.098 0.069 0.084 

Linear 00 0.001 a 0.001 a 0.001 a 
 

 0.000 0.000  0.000 
 

 0.029  0.025  0.028 
 

0.001 0.001 0.001 

Residual 2 0.149 0.151 0.149 
 

 0.022 0.022  0.022 
 

 3.799  3.898  3.789 
 

0.269 0.278 0.271 

Note.  FIML = full information maximum likelihood; PD = language and literacy professional development condition; PD+ = language and literacy professional 

development plus coaching condition. Certificate = educator had a state certificate. Baseline = fall/T1; T3 = spring; T4 = fall follow-up. Linear component = 

number of months from baseline. Quadratic component = number of months since baseline squared. a p < .05; Boldface p < .01. 
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Table S.6 

Conditional Quadratic Models with Head Start Added to 3 Educator Knowledge Outcomes, Centered at Baseline, T3, and T4 (FIML) 

Parameters 
Proximal Knowledge 

 
Disciplinary Knowledge  Knowledge for Practice 

Baseline    T3    T4   Baseline    T3    T4 
 

Baseline    T3    T4 

Intercept 0            

Intercept 00 12.931 13.007 13.092 
 

12.475 12.439 12.269 
 

45.144 44.698 43.969 

PD 01 0.122 0.214 0.298 
 

0.250 0.470 0.693 
 

0.172 0.895 1.587 

PD+ 02 0.459 a 0.235 0.016 
 

0.234 0.533 0.838 a  
 

0.034 0.584 1.110 

Head Start 03 -0.282 -0.296 -0.288 
 

-0.872 -0.896 -0.878 
 

-1.028 -1.051 -1.056 

            
Linear 1 

Intercept 10 0.027 -0.106 a   -0.018 
 

0.032 -0.036 -0.062 
 

0.010 -0.114 -0.233 a 

PD 11 0.017 0.018   0.014 
 

0.039 0.044  0.038 
 

0.124 a  0.121 a  0.116 a 

PD+ 12 -0.038 -0.037  -0.040 
 

0.053 a 0.060 a  0.053 
 

0.097  0.095 0.090 

            
Quadratic 2 

Intercept 20 -0.001 0.021 0.003 
 

-0.004 0.002 0.004 
 

-0.010 0.002 0.012 a 

            
Variance 

           
Intercept 00 1.840 2.229   2.541 

 
7.164 8.096 9.215 

 
29.422 36.169 45.748 

Linear 00 0.001 0.001 0.001 
 

0.002 0.001 0.002 
 

0.055 0.061 0.051 

Residual 2 2.377 2.363   2.373   2.710 2.741 2.719   11.152 11.024 11.218 

Note. FIML = full information maximum likelihood; PD = language and literacy professional development condition; PD+ = language and literacy 

professional development plus coaching condition. Head Start = educator taught in a Head Start program. Baseline = fall/T1; T3 = spring; T4 = fall follow-up. 

Linear component = number of months from baseline. Quadratic component = number of months since baseline squared. a p < .05; Boldface p < .01. 
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Table S.7 

Conditional Quadratic Models with Head Start Added to Educator Beliefs and Practice Outcomes, Centered at Baseline, T3, and T4 (FIML) 

  Self efficacy 
 

Language & Literacy Beliefs  

Quality of Literacy 

Environment  

Quality of Classroom 

Instruction 

Parameters Baseline   T3    T4 
 

Baseline   T3   T4 
 

Baseline   T3   T4 
 

Baseline     T3    T4 

Intercept 0                

Intercept 00 3.347 3.383 3.358 
 

2.464 2.483  2.486 
 

13.170  13.206 12.955 
 

  2.229  2.146  2.159 

PD 01 -0.057 -0.043 -0.036 
 

-0.022 -0.004  0.014 
 

  0.899 a  0.791 a 0.726 
 

  0.048  0.060  0.068 

PD+ 02 0.006 -0.002 -0.015 
 

-0.011 -0.019 -0.027 
 

  0.388  0.392 0.428 
 

  0.027  0.022 -0.006 

Head Start 03 -0.126 -0.129 -0.127 
 

-0.039 -0.040 -0.040 
 

  1.197  1.153 1.194 
 

 -0.062 -0.059 -0.064 

 
Linear 1 

Intercept 10 0.027 -0.013 -0.024 
 

 0.009 -0.000 -0.003 
 

  0.109 a -0.262 -0.177 
 

-0.043  0.036 a  0.035 

PD 11 0.003 0.001 0.002 
 

 0.003  0.003  0.003 
 

 -0.018   -0.017 -0.014 
 

 0.002  0.000  0.001 

PD+ 12 -0.001 -0.002 -0.002 
 

-0.001 -0.002 -0.001 
 

  0.004   0.004 0.002 
 

-0.002 -0.003 -0.004 

 
Quadratic 2 

Intercept 20 -0.002 0.002 0.002 
 

-0.001   0.000  0.000 
 

 -0.011   0.044 0.014 
 

 0.003 -0.007 a -0.004 

 
Variance 

Intercept 00 0.168 0.158 0.202 
 

0.039   0.048  0.056 
 

  9.748   7.796 7.517 
 

 0.128  0.087  0.096 

Linear 00 0.001 0.001 0.001 
 

0.000   0.000  0.000 
 

  0.026   0.023 0.025 
 

 0.001 a  0.001  0.001 

Residual 2 0.146 0.149 0.146 
 

 0.021   0.022  0.022 
 

  3.779   3.820 3.773 
 

 0.262  0.268  0.263 

Note. FIML = full information maximum likelihood; PD = language and literacy professional development condition; PD+ = language and literacy 

professional development plus coaching condition. Head Start = educator taught in a Head Start program. Baseline = fall/T1; T3 = spring; T4 = fall follow-

up. Linear component = number of months from baseline. Quadratic component = number of months since baseline squared. a p < .05; Boldface p < .01. 
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Table S.8 

Conditional Quadratic Models with ECSE Added to 3 Educator Knowledge Outcomes, Centered at Baseline, T3, and T4 (FIML) 

 
Proximal Knowledge 

 
Disciplinary Knowledge  Knowledge for Practice 

Parameters  Baseline        T3 T4   Baseline     T3      T4 
 

Baseline T3 T4 

Intercept 0            

Intercept 00 12.638 12.762 12.882 
 

11.690 11.649 11.468 
 

43.897 43.530     42.910 

PD 01  0.206   0.223   0.243 
 

  0.264   0.491   0.741 
 

 0.191  0.775 1.347 

PD+ 02      0.558   0.298   0.051 
 

   0.487   0.742     1.019 
 

 0.235   0.707 1.164 

ECSE 03      0.636       0.645   0.654 
 

  2.007   2.010  2.026 
 

      4.206     4.233      4.216 

            
Linear 1            

Intercept 10  0.041  -0.195  -0.016 
 

   0.034  -0.037  -0.067 
 

 0.020  -0.103    -0.210 

PD 11    0.004   0.007    0.003 
 

   0.041   0.044   0.042 
 

 0.100   0.101  0.101 

PD+ 12      -0.043  -0.044  -0.045 
 

   0.046    0.049   0.047 
 

 0.082   0.081 0.078 

            
Quadratic 2 

Intercept 20  -0.002      0.020 a     0.003 
 

    -0.005  0.002     0.004 
 

-0.009      0.003   0.011 a 

            
Variance 

           
Intercept 00 1.895   2.119   2.220 

 
   6.447   7.271   8.416 

 
   26.150     31.762    38.819 

Linear 00     0.000      0.000    0.000 
 

     0.004    0.001     0.003 
 

 0.032     0.036 a     0.028 

Residual 2  2.302   2.289   2.301      2.576   2.641   2.591       10.989 10.916     11.046 

Note. FIML = full information maximum likelihood; PD = language and literacy professional development condition; PD+ = language and literacy 

professional development plus coaching condition. ECSE = Early childhood special education classroom. Baseline = fall/T1; T3 = spring; T4 = fall follow-

up. Linear component = number of months from baseline. Quadratic component = number of months since baseline squared. a p < .05; Boldface p < .01. 
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Table S.9 

Conditional Quadratic Models with ECSE Added to Educator Beliefs and Practice Outcomes, Centered at Baseline, T3, and T4 (FIML) 

  Self efficacy 
 

Language & Literacy Beliefs  

Quality of Literacy 

Environment  

Quality of Classroom 

Instruction 

Parameters Baseline     T3 T4 
 

Baseline     T3   T4 
 

 Baseline     T3    T4 
 

Baseline      T3    T4 

Intercept 0 

Intercept 00   3.253  3.285  3.251 
 

 2.428 2.451  2.445 
 

13.445 13.507 13.259 
 

  2.144  2.090  2.112 

PD 01  -0.063 -0.038 -0.019 
 

-0.022 -0.003  0.016 
 

  0.799 0.676   0.589 
 

  0.083  0.069  0.058 

PD+ 02   0.024  0.030  0.029 
 

-0.004 -0.007 -0.009 
 

  0.435 0.349   0.302 
 

  0.075  0.032 -0.031 

ECSE  03   0.140  0.140  0.143 
 

 0.088 0.089  0.091 
 

  0.604 0.562   0.580 
 

  0.059  0.060  0.053 

 
Linear 1 

Intercept 10   0.029 -0.013 -0.027 
 

 0.008 0.000 -0.003 
 

  0.125  -0.267  -0.185 
 

-0.034  0.043 a  0.033 

PD 11   0.005  0.004  0.002 
 

 0.003 0.003  0.003 
 

 -0.022   -0.018  -0.017 
 

-0.002 -0.004 -0.002 

PD+ 12   0.001  0.000 -0.002 
 

-0.000 -0.001 -0.001 
 

 -0.012   -0.011  -0.013 
 

-0.008 -0.010 -0.010 

 

Quadratic 2 

Intercept 20 -0.003 0.002  0.002 
 

-0.001 0.000 0.000   -0.012 0.045   0.015 
 

 0.003 -0.008 -0.003 

 
Variance 

Intercept 00   0.161 0.156  0.201 
 

 0.039 0.047 0.056 
 

10.293 8.090   7.772 
 

 0.097  0.078  0.097 

Linear 00   0.001 0.001 a  0.001 
 

 0.000 0.000 0.000 
 

  0.028 0.025   0.039 
 

 0.001 0.000 0.001 

Residual 2   0.150 0.153  0.150 
 

 0.022  0.022 0.022 
 

  3.714 3.772   3.711 
 

 0.252  0.255  0.250 

Note. FIML = full information maximum likelihood; PD = language and literacy professional development condition; PD+ = language and literacy 

professional development plus coaching condition. ECSE = Early childhood special education classroom. Baseline = fall/T1; T3 = spring; T4 = fall follow-

up. Linear component = number of months from baseline. Quadratic component = number of months since baseline squared. a p < .05; Boldface p < .01. 
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Table S.10 

Conditional Quadratic Models with Location Added to 3 Educator Knowledge Outcomes, Centered at Baseline, T3, and T4 (FIML) 

 
Proximal Knowledge 

 
Disciplinary Knowledge  Knowledge for Practice 

Parameters Baseline   T3      T4   Baseline T3 T4 
 

Baseline T3 T4 

Intercept 0            

Intercept 00 12.977 13.127 13.281 
 

12.731 12.707 12.591 
 

45.446 45.071 44.384 

PD 01 0.161 0.193 0.214 
 

  0.191 

 
  0.411 0.618 

 
0.157 0.800 1.415 

PD+ 02 0.522 a 0.218 -0.088 
 

  0.240   0.539   0.835 
 

0.009 0.565 1.071 

Suburb 03 -0.006 -0.005 -0.005 
 

 -0.081  -0.076  -0.091 
 

0.775 0.794 0.762 

Urban 04 -0.686 -0.684 -0.691  -1.778 -1.739 -1.777  -3.143 -3.114 -3.103 

            
Linear 1            

Intercept 10 0.042 -0.074 -0.005 
 

  0.040  -0.013  -0.056 
 

0.051 -0.144 -0.247 

PD 11 0.007 0.007 0.003 
 

  0.038   0.042   0.036 
 

0.109a 0.106 0.106 

PD+ 12 -0.051 a -0.051 a -0.055 a 
 

  0.052   0.059   0.052 
 

0.196 0.095 0.087 

            
Quadratic 2 

Intercept 20 -0.001 0.017 a 0.003 
 

-0.005 -0.001 0.004 
 

-0.012 a 0.003 0.014 

            
Variance 

           
Intercept 00 1.863 2.215 2.465 

 
   7.028   7.794   8.692 

 
27.937 35.247 44.472 

Linear 11 0.001 0.001 0.001 
 

0.004 0.001 0.003 
 

0.039 a 0.040 a 0.039 a 

Residual  2.358 2.348 2.357      2.650   2.685   2.653   10.739 10.725 10.746 

Note. FIML = full information maximum likelihood; PD = language and literacy professional development condition; PD+ = language and literacy 

professional development plus coaching condition. Baseline = fall/T1; T3 = spring; T4 = fall follow-up. Linear component = number of months from baseline. 

Quadratic component = number of months since baseline squared. a p < .05; Boldface p < .01. 
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Table S.11 

Conditional Quadratic Models with Location Added to Educator Beliefs and Practice Outcomes, Centered at Baseline, T3, and T4 (FIML) 

  Self efficacy 
 

Language & Literacy Beliefs  

Quality of Literacy 

Environment  

Quality of Classroom 

Instruction 

Parameters Baseline T3 T4 
 

Baseline T3 T4 
 

Baseline T3 T4 
 

Baseline T3 T4 

Intercept 0                

Intercept 00 3.278 3.313 3.285 
 

2.494 2.511 2.514 
 

14.789 14.847 14.687 
 

2.246 2.163 2.171 

PD 01 -0.047 -0.034 -0.026 
 

-0.027 -0.008 0.011 
 

0.842 0.644 0.489 
 

 0.050 0.063 0.072 

PD+ 02 0.026 0.025 0.018 
 

-0.014 -0.018 -0.022 
 

0.289 0.200 0.144 
 

 0.016 0.012 -0.016 

Suburb 03 0.045 0.045 0.043 
 

-0.042 -0.042 -0.043 
 

-1.843 -1.798 -1.869 
 

-0.020 -0.026 -0.022 

Urban 04 -0.013 -0.03 -0.013  -0.101 -0.100 -0.101  -1.847 -1.840  -1.858  -0.140 -0.139 -0.143 

 

Linear 1 

Intercept 10 0.029 -0.015 -0.026 
 

0.008 0.000 -0.003 
 

0.120 -0.257 -0.171 
 

-0.044 0.034 0.034 

PD 11 0.002 0.001 0.002 
 

0.003 0.003 0.003 
 

-0.034 -0.031 -0.029 
 

-0.002 0.000 0.002 

PD+ 12 0.000 -0.000 -0.001 
 

-0.001 -0.001 -0.001 
 

-0.013 -0.011 -0.014 
 

-0.002 -0.003 -0.004 

 

Quadratic 2 

Intercept 20 -0.002 0.003 0.002 
 

-0.001 0.000 0.000  -0.011 0.044 0.014 
 

0.003 -0.007 a -0.004 

                

Variance 
               

Intercept 00 0.156 0.155 0.204 
 

0.039 0.047 0.055 
 

9.385 7.476 7.241 
 

0.111 0.077 0.099 

Linear 11 0.001  0.001 0.001 
 

0.000 0.000 0.000 
 

0.027 0.024 0.025 
 

0.001 a 0.001 0.001 a 

Residual  0.149 0.151 0.148 
 

0.021 0.022 0.022 
 

3.759 3.795 3.755 
 

0.255 0.261 0.254 

Note. FIML = full information maximum likelihood; PD = language and literacy professional development condition; PD+ = language and literacy professional 

development plus coaching condition. Baseline = fall/T1; T3 = spring; T4 = fall follow-up. Linear component = number of months from baseline. Quadratic 

component = number of months since baseline squared. a p < .05; Boldface p < .01. 
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