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1. Introduction

A growing body of evidence reveals the importance of high-quality teacher-child interactions in early childhood education and
care (ECEC) for learning and the behavioral engagement of young children before they enter school (Mashburn et al., 2008; Ponitz,
Rimm-Kaufman, Grimm, & Curby, 2009). In general, teachers' performance and effectiveness is seen a function of their behavior in
classrooms and their interactions with students. In line with that, the “Teaching Through Interactions” framework (Hamre et al.,
2013) assumes that the quality of interactions between children and adults is the primary mechanism to promote developmental
gains. This paper therefore focuses on efforts to improve the quality of teacher-child-interactions in ECEC classrooms. According to
the framework, interactions between teacher and child are distinguished in three domains, namely emotional support (ES), classroom
organization (CO), and instructional support (IS). The observational measure Classroom Assessment Scoring System (CLASS Pre-K)
was developed to assess the quality of teacher-child interactions in ECEC for these three domains based on this framework (Hamre
et al., 2013; Pianta, La Paro, & Hamre, 2008a). Emotional support (ES) involves teacher sensitivity and their responsiveness to
children's signals, as well as regard for student perspectives, interests, and motivation (Pianta et al., 2008a). Classroom organization
(CO) comprises a variety of teacher-child interactions that help students to organize their behavior and attention related to classroom
routines and academic goals (Hamre et al., 2013). A teacher who sets clear rules, organizes stable classroom routines, uses proactive
approaches to discipline, and provides interesting and diversified activities contributes significantly to children's motivation and
engagement in learning tasks (Pianta et al., 2008a). Instructionally supportive teachers (IS) offer a wide range of learning activities to
enhance knowledge of concepts and language, relate new information to students' background knowledge and real-world experi-
ences, and provide learning feedback that is immediate, corrective, and specific (Hamre et al., 2013; Pianta et al., 2008a). High levels
of ES, CO or IS indicate that a teacher provides high-quality teacher-child interactions consistently throughout the day and during
different activities (Hamre et al., 2013; Pianta et al., 2008a).

1.1. Teacher-child interactions and child development

Empirical research has found consistent associations between the quality of teacher-child interactions measured with the CLASS
and children's outcomes. The magnitude of this association is small (see Keys et al., 2013; Perlman et al., 2016). Recent research
indicates that a certain quality threshold must be reached to affect students' school readiness skills (Hatfield, Burchinal, Pianta, &
Sideris, 2016; Wieland, Ulvestad, Sachs, & Yoshikawa, 2013). Further, different quality domains of teacher-child interactions seem to
be predictive for specific competencies of children in preschool and kindergarten (Perlman et al., 2016). In particular, ES can foster
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students' social and emotional functioning, facilitates positive student-teacher interactions and peer interactions in classrooms
(Hamre et al., 2013) and can reduce problem behavior (Curby, Brock, & Hamre, 2013; Mashburn et al., 2008). There is some evidence
that CO is related to children's learning motivation and self-regulation (Pakarinen et al., 2010; Rimm-Kaufman, Curby, Grimm,
Nathanson, & Brock, 2009). Children in kindergarten classrooms with a higher quality of classroom management generally have
superior behavioral and cognitive self-control, show more on-task behavior, and are more engaged in learning activities than children
in classrooms with lower levels of classroom management (Rimm-Kaufman et al., 2009). Finally, research indicates that the quality of
IS correlates with a wide range of cognitive, language, and social-emotional skills (Mashburn et al., 2008). In particular, children in
classrooms with higher levels of instructive interaction are assumed to have advanced competencies in receptive and expressive
vocabulary, oral and written language skills, rhyming, letter naming, inhibitory control, problem solving, mathematics, and empathy,
and lower levels of disruptive behavior (Curby et al., 2009; Hatfield et al., 2016; Keys et al., 2013; Siekkinen et al., 2013). Thus, high
levels of IS seems to be a key aspect of high-quality interactions and effective teaching, which contributes to children's academic
learning and school readiness.

1.2. Professional development to improve the quality of teacher-child interactions

In policy and practice, there is a growing interest in effective professional development interventions for ECEC teachers to
improve classroom quality (Buysse, Winton, & Rous, 2009; Sheridan, Edwards, Marvin, & Knoche, 2009; Zaslow, Tout, Halle,
Whittaker, & Lavelle, 2010). Especially as significant differences in the quality of teacher-child interactions between the three quality
domains occurs in ECEC. Studies around the world (in, e.g., Australia, China, Chile, Finland, Germany, the Netherlands, Spain, and
the US) have demonstrated that the quality of ES and CO is, on average, in the medium-to-high range, whereas the quality of IS is
generally low (e.g., Hu, Dieker, Yang, & Yang, 2016; Leyva et al., 2015; Salminen et al., 2012; Sandstrom, 2012; Slot, Boom,
Verhagen, & Leseman, 2017; Tayler, Ishimine, Cloney, Cleveland, & Thorpe, 2013; Von Suchodoletz, Fäsche, Gunzenhauser, &
Hamre, 2014). These findings suggest that ECEC teachers are, generally speaking, sensitive to children's needs and ensure clear
classroom routines, but instructional rich interactions that effectively stimulate young children's language learning and higher order
thinking are observed less often.

Professional development (hereafter: PD) for ECEC teachers focuses on a specific practice in the classroom, acknowledges the
everyday pedagogical work, and often contains multiple components to provide sustained learning opportunities, including in-
dividual guidance and feedback (Buysse et al., 2009). In general, PD faces the task to support teachers to learn and to retain
pedagogical skills, to generalize the new skills to the job context and to maintain them (Baldwin & Ford, 1988). In our case, PD
stimulates teachers to develop the skills to provide emotional, organizational, and instructional supportive interactions consistently
throughout the day in different activities and routines in ECEC classrooms.

Recent meta-analyses have demonstrated that ECEC classroom practice in general can be improved through in-service inter-
ventions (Egert, Fukkink, & Eckhardt, 2018; Fukkink & Lont, 2007; Markussen-Brown et al., 2017; Werner, Linting, Vermeer, & van
IJzendoorn, 2016). Pianta, Hamre, and Downer (2011) argue that improvement in ECEC programs may be the result of the alignment
of professional development goals, the measurement of quality, and goals for child development. Indeed, there is meta-analytic
evidence of the assumed two-stage link from PD to child development, in which PD has a positive effect on improved classroom
practice which subsequently affects child outcomes; improvement of classroom quality through PD explained half of the variance in
child outcomes in the study of Egert et al. (2018). These findings thus support the theoretical model of change, starting with the
investment in PD to improve the quality of pedagogical processes in ECEC and, consequently, to support children's development.

Meta-analytic evidence suggests that experimental outcomes are more positive if PD includes an individual component such as
coaching (Egert et al., 2018; Markussen-Brown et al., 2017; Werner et al., 2016). There is only tentative evidence that a combination
of PD formats (that might reflect various learning opportunities) is more effective than the use of a single PD type. The inclusion of
several didactical elements that can be used across PD formats (e.g. feedback, self-reflection, and modeling) is also assumed to affect
professional growth. In particular, the possibility for teachers to reflect on their teaching, defined as “a self-critical, investigative
process wherein teachers consider the effect of their pedagogical decisions on their situated practice with the aim of improving those
practices” (Tripp & Rich, 2012, p. 678), is seen as crucial to their professional development (Schön, 1983). Further, current meta-
analytic evidence does not show a linear relation between PD effects and training duration. No moderation effects have been found
either related to the focus of training, the use of videos in PD or the implementation of a specific curriculum in the classroom (Egert
et al., 2018; Werner et al., 2016).

At methodological level, several moderators are related to experimental effects (Egert et al., 2018; Werner et al., 2016). In
particular, the use of the CLASS was associated with larger experimental gains (d = 0.19–0.27) in comparison to other standardized
scales (Egert et al., 2018). This difference in PD effects might occur because of the way classroom quality is measured. Whereas some
measures combine teacher indicators with other features like the availability of learning materials and the physical environment of
the classroom, CLASS ratings are exclusively based on markers of teacher behavior, and do not include structural elements or other
indicators that are related to equipment, financing and administration of the center. Relatedly, there is evidence that the constructive
alignment of PD and outcome measures matters in the effective educational design of PD for ECEC teachers (Fukkink & Lont, 2007).
In ECEC, PD typically focuses on classroom practices and should therefore be matched with instructional goals, learning standards
and material teachers use in both the in-service training, practice and the evaluation (Buysse et al., 2009).
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1.3. Focus of this study

The meta-analysis is part of the national BiSS initiative (Bildung durch Sprache und Schrift/Education through Language and
Writing) in Germany. The federal initiative aims at the development and evaluation of effective PD programs to improve teacher-
child interactions and to foster child development in the areas of language, literacy, reading and writing.

Our study synthesizes experimental studies that evaluated PD effects in preschool and kindergarten by means of the widely used
CLASS Pre-K measure. It is grounded in theory through the “Teaching Through Interactions” framework (Hamre et al., 2013) to
improve effective teaching that is linked to student learning, and has the unique potential to evaluate PD goals that are aligned with
the design of recent, evidence-based PD interventions. In addition, our study aims to provide insight into the sensitivity of the
measure to capture PD effects on teacher behavior. Further, the large differences observed in various descriptive studies between the
relatively high levels of ES and CO and the relatively low level of IS prompt the question whether PD is (equally) effective across the
three domains in improving ECEC teachers’ interactions with children. This study also allowed us to chart the effects of PD sys-
tematically for ES, CO, and IS separately.

Our study investigates the following questions:

1 How effective is PD in improving the quality of teacher-child interactions at a global level (CLASS composite score) and in specific
CLASS domains (ES, CO, IS)?

2 Is the PD effect, at global and domain level, moderated by methodological variable (e.g., sample size, randomization procedure,
control group condition, blind data collection, and rating procedure) or context (e.g., Head Start, settings with high qualified
teachers)?

3 Are specific PD formats, didactic elements, or PD intensity associated with greater experimental effects at global and domain
level?

2. Method

We included all CLASS domains to estimate the overall effect on PD of the system-level quality of teacher-child interactions. We
then conducted three separate meta-analyses to determine outcomes for ES, CO, and IS and to explore possible moderators.

2.1. Search strategy

First, an electronic search (ending with 2017) was conducted in the English-language databases ERIC, Dissertation Express,
PsycINFO, ProQuest Dissertations and Theses, and SocINDEX. Following recently published review studies, the search included
various keywords related to in-service professional development, (e.g., ‘in-service training for teachers’, ‘professional development’,
‘coaching’), outcome measure (e.g., ‘interaction quality’, ‘teacher child interaction’, ‘interaction skills’), target (e.g., ‘impact’, ‘effect’,
‘experiment’, ‘influence’), and type of education (e.g., ‘early childhood education’, ‘kindergarten’, ‘preschool’) that were combined
with Boolean operators (for detailed description see technical report (Egert & Dederer, 2018). Second, a manual search was con-
ducted to complement the systematic electronic search. Here, we looked for individual studies in previously published systematic
reviews and meta-analyses (i.e., Egert et al., 2018; Fukkink & Lont, 2007; Klein & Gomby, 2008; Markussen-Brown et al., 2017;
Werner et al., 2016; Zaslow et al., 2010), and used web engines (e.g., Google) with the above-mentioned keywords.

The search in the electronic databases resulted in an initial set of 511 hits without duplicates (see Fig. 1). PsycINFO yielded 117
hits (n = 35 coded as relevant for full-text coding), ERIC another 153 hits (n = 33 relevant, excluding duplicates), ProQUEST D&T
143 (n = 12 relevant), DISSEXPRESS 80 (n = 7 relevant), and SocINDEX 18 hits (n = 0 relevant). Another 32 papers were identified
in the manual search.

2.2. Inclusion criteria

Studies were included in the review if they met the following criteria. First, the professional development programs were in-
service trainings designed to improve the interactional quality of child care or teacher-child interactions. Pre-service training to
prepare prospective teachers was excluded. Second, interaction quality and teacher-child interactions were measured using CLASS,
including the versions for infants, toddlers, pre-k, and K-3. In addition, the sample had to include preschool, pre-k, or kindergarten
teachers, as well as educators working in center-based care. Unlike other meta-analyses (e.g. Fukkink & Lont, 2007; Werner et al.,
2016), we focused exclusively on ECEC settings (infant-toddler, preschool, kindergarten, or pre-kindergarten classrooms). Family
child care providers were excluded. Fourth, experimental designs had to include at least one intervention condition and a control or
comparison group. Given the limited number of randomized studies at teacher level, we also included experimental or quasi-ex-
perimental studies with or without randomization at this level; previous meta-analytic reports have found no significant differences
in effects between randomized and non-randomized designs (Egert et al., 2018; Markussen-Brown et al., 2017). Furthermore, al-
though studies were not limited to English-speaking countries they had be published in English for the sake of transparency and to
facilitate the possibility of replicating our search results. Finally, studies had to report sufficient statistical information in order to
compute effect sizes.

After title and abstract screening by two independent coders, 93 references were identified as potentially relevant. Subsequently,
a full-text review procedure with a short coding form was used to evaluate the quality of the studies. Several papers were excluded

F. Egert, et al. Educational Research Review 29 (2020) 100309

3



after full-text analysis, for the following reasons: (1) the absence of an control/comparison group (e.g., Englund, 2010); (2) the use of
an instrument other than the CLASS system to measure the quality of teacher-child-interactions in classrooms (e.g., Girolametto,
Weitzman, & Greenberg, 2003; Sterling Honig & Martin, 2009); or (3) the absence of relevant statistical data (e.g., Downer et al.,
2013). Of the 93 original studies, 15 studies which reported effects of 18 in-service treatments were included in the final sample (see
Fig. 1).

2.3. Coding of studies

Following the guidelines from the Campbell Collaboration (2019), all studies were double-coded by two independent coders. For
the interpretation of the level of inference and objectivity of our codes, inter-rater reliability of initial scores for the independent
coding procedure was estimated with kappa (κ) for nominal variables and with intra-class correlations (ICC) for interval-scaled
variables. Coder disagreements were resolved through discussion and reaching consensus; as a consequence, the final codes reached a
Kappa and ICC value of 1.

A two-step coding procedure was used to systematize information from the studies. First, full texts were coded using a short
screening form to evaluate the quality of the studies and their provision of sufficient statistical data. The short screening form
included coding for study design (e.g., controlled group design, randomization, sample size, equality of groups, drop-out, and fi-
delity), structural features of PD (e.g., duration in months, training hours, and format), sufficient statistical information, and re-
levance for meta-analysis. Inter-rater reliability was excellent for study relevance (kappa = 1). Second, the full texts of relevant
studies were coded using an extended coding schema, which gathered additional information on the instructional features and

Fig. 1. PRISMA flow diagram reporting the systematic literature search (Moher et al., 2009).
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didactics of the evaluated in-service program and other potential effect modifiers (see Tables 1 and 2 for an overview).
At study level, we coded publication year (ICC = 1), the country where the in-service program was undertaken (κ = 1), and type

of publication (1 = published in a peer-reviewed journal, 0 = not; κ = 0.98). We further included methodological variables that
have been found to serve as moderators in the psychological, behavioral, and educational treatment literature (see Cooper, Hedges, &
Valentine, 2009). We also coded the assignment procedure (RCT, randomized controlled trial with assignment at individual
level = 1, or CRT, clustered randomized trial with assignment at classroom or center level = 2; κ = 0.77). We also coded the
attrition related to intervention (ICC = 0.99) and baseline equivalence of the intervention and control group based on reported
information on teacher and classroom characteristics (κ = .77). We subsequently determined for each study an evidence standard
index for group designs based on reported information on randomization, attrition, and baseline equivalence (see What Works
Clearinghouse [WWC], 2014).

The activities of the control group were coded (κ = 0.79) as business-as-usual without PD (BAU = 1), business-as-usual with
regular PD with similar training hours (BAU+ PD= 2), or an alternative PD program (AT= 3). We also determined the sample sizes
for the experimental and control groups (ICC = 0.94 and 0.93, respectively). In addition, we coded whether the quality ratings were
made through observations in classrooms or through videos (κ = 0.88), and whether the study reported that data collectors were
blind to condition or not (κ= 0.77). Further, the constructive alignment of PD content and the outcome measures was coded (κ= 1).
The percentage of teachers with a Bachelor's or Master's degree in the study sample was coded (ICC = 1). Two contextual variables
were coded, too. We coded the percentage of teachers with bachelor or higher in sample (κ = 1) and made dummy code for studies
with teachers with predominant academic qualification (≥90%). In respect of classroom compositions, we dummy coded whether or
not the PD was implemented and evaluated at Head Start centers (κ = 1).

With regard to the professional development components, we coded various characteristics that involve the implementation and
effects of PD programs in ECEC (see Schachter, 2015; Sheridan, Edwards, Marcin, & Knoche, 2009; Snyder et al., 2012). We dis-
tinguished between four types of delivery format: workshop (a half- or full-day format), coursework (multiple periodical sessions),
online or blended learning, and individual support (e.g., coaching, mentoring) (κ = .76, .87, 0.82, and 0.90, respectively), and
determined how many of these components the PD programs included. Moreover, based on the training description we coded
whether or not participants received feedback (κ = 0.73), defined as any constructive comment (written or oral) of a trainer related
to teachers’ performance as part of the PD process (Shute, 2008). The feedback may be related to the teacher, the task, or the process
of learning; examples are direct instructions, appraisals, and encouragement [examples: “coaches returned for a second session in
which they provided feedback to the teacher and aide”, Yoshikawa et al., 2015, p. 313; “the coach providing supportive and con-
structive performance feedback to the teacher about observed practices”, Hemmeter, Snyder, Fox, & Algina, 2016, p. 6]. We also
coded whether teachers received demonstrations or modeling of good practice (κ= 0.73), defined as a pedagogical practice where an
instructor demonstrates high-quality performance in teacher-student interaction for the teachers during the PD program, possibly
complemented with explanations or other instructions [examples: “the mentor modeled the strategy”, Domitrovich et al., 2009, p.
571; “coach serving as an expert who explained and demonstrated best practices”, Hindman & Wasik, 2012, p. 135], and whether
trainees had the opportunity for self-reflection and self-assessment (κ = 0.75) [examples: “The debriefing involved reflection by the
teacher and the coach”, Hemmeter et al., 2016, p. 6; “Monthly video-based teacher self-reflection was a main component of the
professional development”, Zan & Donegan-Ritter, 2014, p. 95]. Additionally, we analyzed the general usage of videos in PD
(κ = 0.92) [example: “watching videos highlighting effective language instruction”, Hamre et al., 2012, p. 101]. We also determined
the number of training hours (ICC = 1) and duration of the program (in months, ICC = 0.95). Also, the intensity of the individual
component (hours, ICC = 0.98) and the hours spent in a group training setting (ICC = 0.83) were coded and intensity scores were
estimated for average individual training hours per month and average training hours in group settings per month. Additionally, we
dummy-coded whether the training was scale-based (e.g., when training content was aligned with the rating scale used to measure PD
effects) (κ = 1) [example: “The first three sessions provided teachers with information …. and introduction to the three broad
domains of the CLASS”, Hamre et al., 2012, p. 101; “written teacher reflection guides developed by project staff to focus on specific
CLASS dimension”, Zan & Donegan-Ritter, 2014, p. 96].

2.4. Analysis

Statistical information was transformed into the Hedges’ g effect size using Comprehensive Meta-Analysis Software V3
(Borenstein, Hedges, Higgins, & Rothstein, 2014). Effect size estimates were predominantly based on raw descriptive data (pretest
and posttest means, standard deviations, standard error, and sample size).

A weighted summary effect g was calculated. A random effects model was applied, which accounted for sampling errors between
and within studies. When double and redundant information for the outcome measure was available (i.e., both items and domain
score), we used information from single items excluding the domain score.

The homogeneity of effect sizes was tested using the Q statistic. The I2 statistic represents the proportion of observed variance that
reflects real differences in effect sizes, indicates the extent of overlap of confidence intervals and quantifies the inconsistencies
(Deeks, Higgins, & Altman, 2008). In addition, between-study variance in effect sizes was estimated using Kendall's τ2 (Borenstein,
2009). A sensitivity analysis was conducted to estimate the robustness of the average effect size. Specifically, a leave-one-out analysis
was used to estimate the stability of the average effect size, where one treatment was iteratively removed to identify outlier studies.
Furthermore, classic fail-safe N test was carried out to calculate how many studies with null results are needed to reduce the average
effect to a non-significant value. Finally, we investigated potential moderators by analyzing subgroups for categorical variables,
applying a random model, and with meta-regressions for continuous variables.
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3. Results

The methodological characteristics of the sample are summarized in Table 1. All studies were conducted in the US, with the
exception of Yoshikawa et al. (2015) which was conducted in Chile. Six studies with seven treatments met evidence standards for
group design ‘fully’ and without reservation, whereas eight studies with 11 treatments met evidence standard with reservation (see
Table 1). These studies had at least a random assignment and reported baseline equivalence for groups in analytic sample. Un-
fortunately, drop out was not reported in most studies. Moderator analyses for the composite score and the three domains sets
revealed no significant difference in effect size between studies that met the evidence standard fully or with reservation. All ex-
periments were controlled studies with random assignment at either individual teacher or location level. The training focus of the
most evaluated programs (n = 12) was aligned with the CLASS measure. The percentage of teachers with a bachelor degree or higher
varied substantially between studies. Six experiments were conducted in Head Start centers. Table 2 presents an overview of the PD
characteristics of the included interventions. This overview shows that course formats with an individual component and feedback on
interaction behavior are predominant. However, the interventions also show unique differences in their specific curricular design and
the intensity of the program. Most of the interventions provided individual support (83%) and combined it with either a workshop or
a course. Teachers received training in group settings (e.g., course or workshop) from 12 to 48 h. Individual support varied greatly
from none to 162 h. Most of the PD interventions (n = 8) took place over the course of a school year (approx. 8–9 months).

Overall, data was available to estimate 120 effect sizes related to a specific CLASS item or domain (see Table 3), each based on a
comparison between an experimental group and a control group. The effect size estimates showed marked differences, ranging from
g = −0.38 to 3.22.

3.1. Overall effects on the quality of teacher-child interactions

For the aggregation of the PD effect on the CLASS, 107 effect sizes (Hedges’ g) were analyzed at domain or item level. For
comparability reasons, we included only the original items and domains of the commercial version of the CLASS Pre-K (Pianta et al.,
2008a). The aggregated effect size is g = 0.39 (SE = 0.08; 95% CI = 0.23–0.55), corresponding with a robust outcome with a small-
to-medium effect size. An iterative analysis leaving out one study did not alter outcomes significantly; adjusted outcomes varied
between 0.33 (leaving out Breffni, 2011) and 0.42 (leaving out Pianta, Mashburn, Downer, Hamre, & Justice, 2008b). A funnel plot of
effect sizes with sample size (see Fig. 2) and an Egger regression (intercept = 2.00; SE = 0.73, p = .015) indicated that effect sizes
were distributed asymmetrically with a slight overrepresentation of studies with relatively large effect sizes and relatively small
samples (Harbord, Harris, & Sterne, 2009; Sterne, Egger, & Moher, 2008). In particular, the study by Breffni (2011) is an outlier in
several ways. The pilot study had the smallest sample, reported the highest effect sizes, and was the only PD that consisted of a single
component.

A file-drawer problem (Rosenthal, 1979) does not seems likely, as fail-safe N analysis indicated that a very large number of studies
with null effects, 277, is required to reduce the overall effect to zero. Related to this, our meta-analysis included five treatments from
three unpublished studies. We found no statistically significant difference between treatment outcomes from the ‘gray’ literature
(g = 0.22; n = 5) and peer-reviewed journals (g = 0.46; n = 13), Q = 1.76, df = 1, p = .184.

Fig. 2. Funnel plot for effect sizes for all CLASS items and dimensions.
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3.1.1. Moderator analysis
A heterogeneity analysis showed significant variation between study outcomes (Q = 44.81, df = 17, p < .000; T2 = 0.063;

SE = 0.04) and a high percentage of systematic between-study variance (I2 = 62.06). We therefore conducted a moderator analysis
to explore possible relations between methodological and program-related study characteristics and experimental outcomes
(Borenstein, 2009).

None of the following methodological characteristics of the studies were statistically significant moderators of their outcomes:
random assignment at individual versus other level (Q= 0.73, df= 1, p= .393); untreated control groups with business as usual or a
control group with an alternative treatment (Q = 1.09, df = 1, p = .297); blind observers or not (Q = 0.23, df = 1, p = .629); or
comparison of CLASS ratings through live or video observation (Q = 1.63, df = 1, p = .201). Moreover, neither a high percentage
(> 90%) of teachers in the sample with a Bachelor's or higher degree (Q = 1.41, df= 1, p = .236) nor evaluation of the treatment at
a Head Start facility moderated the PD effects by comparison with other samples (Q = 0.10, df = 1, p = .748). Studies from the
CLASS developers (e.g., Hamre et al., 2012; Pianta et al., 2008b) where equal effective than studies from other authors (Q = 1.22,
df = 1, p = .269). Unexpectedly, PD that was aligned with outcome measures showed smaller effect sizes than studies without
alignment of PD and measures (Q = 4.13, df = 1, p = .042). However, after deleting the outlier study from Breffni (2011) from the
analysis, the contrast was no longer significant (Q= 1.60, df= 1, p= .206). Overall, our moderator analyses did not suggest that the
meta-analytic outcomes may be systematically biased by methodological artefacts or contextual variables.

Subsequently, we conducted meta-regressions to test possible associations between experimental outcomes and PD-related
characteristics. Program duration (coefficient = −0.021; p = .507), number of PD hours for individual instruction (coeffi-
cient = −0.002; p = .506), and hours of group instruction (coefficient = −0.017; p = .108) were unrelated to study outcome. There
was a trend towards a positive linear relationship with the intensity of the program in group training settings, defined as the number
of PD hours per month in workshops or courses (i.e., number of hours of PD, divided by program duration in months; coeffi-
cient = .087, p = .091).

We also tested the possible effect of an individual component as part of the PD program, based on Egert et al. (2018) and Werner
et al. (2016). Inclusion of an individual component in the PD program proved not to be related to study outcomes, Q = .65; df = 1,
p = .420. Also, the combination of a course with an individual component was not superior to other formats, Q = 0.82, df = 1,
p= .366. Nor were the other coded program characteristics significant moderators (i.e., inclusion of a workshop, course with regular
instruction unit, blended-learning format with online component). However, the number of program components does seem to
matter, Q = 5.41, df = 1, p = .020. In particular, programs with three components (namely a workshop, coursework, and individual
support) had an average effect of g = 0.90 (SE = 0.26), compared with g = 0.29 (SE = 0.06) for programs with two PD components.
Further, interventions with combinations with two or three PD components differed significantly from the single-component inter-
vention evaluated by Breffni (2011), Q = 19.88; df = 2, p < .000.

Other didactic elements were studied in an exploratory fashion. There were no significant differences related to feedback,
(Q = 0.93; df = 1; p = .335), modeling and demonstration of target behavior (Q = 1.08; df = 1, p = .300), the use of video in the
PD program (Q = 0.02 df = 1; p = .891). There was trend that PD is more effective when the possibility for self-reflection or self-
assessment was offered (Q = 2.76; df = 1; p = .097).

3.2. Effects on emotional support

In total, 17 treatments with 44 effect sizes, ranging from −0.12 to 3.22, were included in the meta-analysis on emotional support.
In line with the first meta-analysis at CLASS level, the aggregated effect size is g = 0.35 (SE = 0.08; 95% CI = 0.20–0.50), cor-
responding to a small-to-medium effect size. Iteratively excluding one treatment from the analysis, this aggregated outcome seemed
robust, varying between 0.30 and 0.38. The funnel plot and the Egger regression (intercept = 2.00; SE = 0.71, p = .013) indicated
some asymmetry (see Figure A.1). A fail-safe N analysis indicated that 234 studies with null effects are required to reduce the overall
effect to zero, and no statistically significant difference was found between study outcomes from the ‘gray’ literature (g = 0.15;
n = 5) and peer-reviewed journals (g = 0.34, n = 12; Q = 0.05, df = 1, p = .218. There was a high percentage of systematic
between-study variance (I2 = 57.28) and moderate heterogeneity, Q = 37.45, df = 16, p = .002; T2 = 0.047; SE = 0.033. We
explored the same moderators with regards to methodology, context factors, and PD characteristics. Only the intensity of training,
defined as hours spent in group training sessions per month, was negatively related to study outcomes for ES, coefficient = −.081;
p = .028. Leaving out the study by Breffni (2011) as a statistical outlier, no statistically significant moderators on ES were found.

3.3. Effects on classroom organization

Sixteen different treatments with 33 effect sizes on CO, which ranged from g = −0.38 to 3.15, resulted in an aggregated effect of
g= 0.30 (SE= 0.08; 95% CI=0.14–0.46). The impact was relatively small, but proved robust and varied only from g= 0.24 to 0.33
when one PD intervention was iteratively excluded from analysis. Again, some significant asymmetry (see Figure A.2) was indicated,
with an overrepresentation of small studies with larger effect sizes and standard errors (intercept = 2.03; SE = 0.82, p = .027). In
line with previous fail-safe N and publication-bias analyses, several studies (N = 139) with null effects were needed to neglect the
impact, and aggregated effect sizes did not differ substantially with regard to publication type (Q = 0.61; df = 1, p = .437; peer-
reviewed g = 0.34; n = 12 vs. gray literature g = 0.20; n = 4). Although there was moderate heterogeneity (Q = 36.87, df = 15,
p = .001; T2 = 0.05; SE = 0.037; I2 = 59.31), none of the moderators significantly explained the variance.
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3.4. Effects on instructional support

The quality of instructive teacher-child interactions that foster cognitive and language development in young children received
great attention in PD, as an important aspect of ECEC. Sixteen different PD interventions were evaluated, with 30 effect sizes with a
range of g = −0.15 to 2.73. The overall effect was close to medium, with g = 0.43 (SE = 0.10; 95% CI: 0.23–0.63). This aggregated
impact was robust, varying between 0.36 and 0.47 when iteratively omitting a single treatment from the analysis. The funnel plot
revealed some studies with a large effect size and standard error at the bottom right of the diagram (see Figure A.3), but, according to
the Egger regression, the asymmetry was not significant (intercept = 1.66; SE = 1.09, p = .151). The classic fail-safe N analysis
showed that 280 studies with null effects are needed to neglect the overall impact. Moreover, the publication-type analysis showed no
evidence of a file-drawer problem (Q = 2.57, df = 1, p = .109; peer-reviewed g = 0.52; n = 12; gray literature g = 0.18; n = 4).

We found substantial variance between and within the studies, Q = 61.22, df = 15, p < .000; T2 = 0.102; SE = 0.06;
I2 = 75.50). Again, the contextual variables, study methodology, PD components, and didactical elements were analyzed but – with
two exceptions – did not contribute systematically to the variation in effect sizes. First, we found a tendency for the PD effects to
larger when evaluated through video ratings rather than live observations, Q = 3.74, df = 1, p = .053; g = 0.76 vs. g = 0.32. This
finding became even more robust when Breffni was excluded, Q = 6.08, df = 1, p = .014. Second, PD interventions that facilitate
self-reflection were significantly associated with larger effect sizes (with self-reflection: g = 0.63; SE = 0.13; without: g = 0.18;
SE = 0.13; Q = 6.04, df = 1, p = .014).

4. Discussion

In contrast to previous reviews that aggregated PD effects from heterogeneous primary studies (published until, 2014) with a
variety of quality ratings and a mixture of ECEC settings, our meta-analysis is grounded in a well-defined quality construct of teacher-
child interaction. Our meta-analytic results from recent studies show an average small to medium effect of professional development
in early childhood education and care on the different quality domains distinguished by the CLASS measure. The magnitude of the in-
service effect is in line with other reviews (Fukkink & Lont, 2007; Werner et al., 2016). Our review further indicates that extensive PD
programs enhance important teacher skills in ECEC classrooms across a wide range of areas, including instructional support, which
appears to be a weaker part of teacher's performance (Perlman et al., 2016). The validity of our meta-analytic findings is strengthened
by the methodological quality of the integrated experiments, which included a relatively homogeneous set of high-quality studies
with consistent construct validity of the evaluated quality of the teacher-child-interactions. Further, significant effects were found
across heterogeneous teacher qualifications, service agencies and administrations (e.g., Head Start), and different PD goals.

The PD programs included in our review, aimed to improve the quality of teacher-child interactions in ECEC and shared various
program characteristics, like the combination of a course format with an individual component and feedback. Seen from this per-
spective, the programs from recently published studies are relatively homogeneous. This may indicate that the field is moving
towards conceptual alignment of PD design and PD input that is based on empirical findings on classroom behavior and instructional
practice to foster child development, as proposed by Pianta et al. (2011). Additionally, PD interventions for ECEC may have also
become more homogenous, because of the application of adult learning principles in in-service training, as suggested by Buysse et al.
(2009). Further, in two-thirds of the included studies there was a clear constructive alignment between the PD program and the
evaluation measures. From a measurement perspective, our meta-analysis demonstrates the sensitivity of the CLASS measure to chart
individual teachers' progress as a result of in-service training; this was found at both composite level and for all three domains (i.e.,
ES, CO, IS). The raise of teachers' CLASS scores after the intervention is found for PD with different formats and varying intensity and
in study designs with rating teachers’ performance based on either video or observations in classrooms.

4.1. Implications for future research and practice

With this review, policy makers are able to make evidence-based decisions about the implementation of PD interventions that is
grounded in empirical knowledge on teacher-child-interactions and provides good learning opportunities with individual children or
in groups in ECEC practice. Our review provides insight into some of the characteristics of effective PD for ECEC teachers for policy
makers and program developers. Often multiple instructional formats were combined when PD focused on the implementation of a
new curriculum and transfer of comprehensive knowledge and skills to classroom practice. Further, extensive PD includes self-
reflection, feedback or modeling and seems equally effective for different ECEC settings and teachers with varying baseline quali-
fications. We replicated the finding from Markussen-Brown et al. (2017) that extensive programs with more components seem more
effective than isolated, single component programs. The combination of workshop, course, and on-site support may support pro-
fessional growth effectively by offering a variety of individual learning opportunities. For example, teachers received a general
orientation and became attuned to the PD content in an initial workshop first, which was followed by sustained learning opportu-
nities on task over a period of time in a course, and, finally, they received guidance and feedback to fine-tune their interaction skills in
practice through coaching. It seems unlikely that a single component can offer these learning experiences for ECEC teachers in a
systematic sequence (see Buysse et al., 2009). However, more experimental research is needed to unpack the ‘black box’ how various
formats and elements of PD, individually or in combination, promote professional growth of teachers (Sheridan et al., 2009).

Another exploratory outcome from our moderator analysis was that self-reflection, as part of a broader PD program, seems to
contribute to high-quality instructive interactions between ECEC teacher and children. Schön (1983) already mentioned that pro-
fessional growth begins with critical reflection ‘in action’ or ‘on action’. Self-reflection can therefore be seen as an important tool to
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improve teachers' learning and the application of specific teaching and instructional strategies. In several cases, reflection involved a
guided self-assessment of teacher performance related to concrete CLASS domains and/or items. Such CLASS-supported reflection
may help teachers to focus on the critical aspects of the target behavior practiced within the training program. Further experimental
studies should replicate and extend these findings.

Our review shows that PD is generally effective in improving teachers' IS. However, instruction, guided practice and feedback
within the IS domain may still require additional effort and innovative tools to support teachers’ performance, taking into account the
relatively lower (initial) levels. Our review suggests, specifically for IS, that studies with video ratings are more effective than live
observations. Instructional supportive interactions often involve fine-grained, linguistically advanced behavior (e.g., why and how
questions, back-and-forth exchanges, integrating of previous knowledge, clarification, etc.). Videos may be more suited than live
observations for an in-depth analysis of these verbal and cognitive stimulating interactions as part of IS.

With our meta-analysis we could provide first insights to some process variables and functional mechanism (e.g. individual
support, self-reflection) and setting (e.g., Head Start) that are related to the effectiveness of PD. However, we are still at an early stage
to encode central PD mechanism (Sheridan et al., 2009) related to (1) personal and relational variables of trainer and trainee (e.g.,
personal characteristics, relation and best fit), and (2) contextual and systematic variables to promote (sustained) change (e.g.,
agency culture, work environment, knowledge management).

Future studies, in and outside the US, should explore new ways and seek further evidence to effectively support ECEC teachers in
offering high-quality learning experiences to their students.

4.2. Limitations of this review

First, most studies stem from the United States and only one non-US study was included in our study even though the CLASS is
used in over 50 countries (see https://teachstone.com/international/). There are several plausible explanations for the uneven
distribution. The CLASS was first invented in the US and is mandatory in Quality Rating and Improvement System in at least 17 states
(Hsu, 2017).

Second, the findings of our review are restricted to CLASS studies and so, strictly speaking, cannot be generalized to other
outcome measures. The results may, however, be generalized to Quality Rating and Improvement Systems in which the CLASS is
included (see Early et al., 2017).

Third, the substantial intercorrelations of CLASS domains (see Pianta et al., 2008a) made it difficult to detect possible differential
effects of PD.

Fourth, our moderator findings on PD characteristics were found within multiple, exploratory analyses. Chance capitalization can,
therefore, not be excluded. Moderator analysis in a meta-analysis clearly has its limits to reveal effective components in the optimal
design of interventions. The analysis is, by definition, correlational. The moderator findings from our review need therefore to be
studied in future experimental studies to substantiate the positive effect of significant moderators. This line of future study into
effective interventions may profit from different experimental designs that are suited to test theories of change, like the use of
multiple baseline designs (see Kennedy, 2005), component study designs (see Bell, Marcus, & Goodlad, 2013) or microtrials (see
Howe, Beach, & Brody, 2010).

Fifth, the statistical power to detect significant differences between studies was limited due to the relatively small number of
analyzed studies. In addition, the sample of studies was relatively homogenous with respect to a number of PD characteristics, in
particular the number of group training hours, the provision of individual support, and feedback. The similarities in didactic ap-
proach in our sample of experimental studies may provide tools for future PD interventions, but they do not allow a strong test of
possible moderators at program level.

4.3. Conclusion

Teachers face a challenging task in taking care of young children's need for security, structure, and learning throughout the daily
program. Enhancing the level of these complex teacher-child interaction skills in this dynamic ECEC context is an equally serious
challenge. Our review demonstrates that trainers and ECEC teachers can work together effectively in extensive PD formats to enhance
key interaction skills in the domains of emotional support, classroom organization and instructional support.
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