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School-based social and emotional learning (SEL) programs are associated with improvements in children’s SEL and academic outcomes, and the quality of classroom interactions. The magnitude of these effects increases at high levels of program implementation quality. This study aimed to (1) identify teachers’ profiles of quality of implementation, (2) explore teachers and classroom characteristics contributing to their propensity to comply with high quality of implementation, and (3) examine the relations between school assignment to an SEL program, quality of classroom interactions, and child SEL and academic outcomes at different levels of teachers’ compliance propensity. This study drew upon data from a cluster-randomized controlled trial evaluating the efficacy of 4Rs + MTP, a literacy-based SEL program, on third and fourth grade teachers (n = 330) and their students (n = 5,081) across 60 New York City public elementary schools. Latent profile analysis indicated that measures of teacher responsiveness and amount of exposure to implementation supports contributed to the differentiation of profiles of high and low quality of implementation. Random forest analysis showed that more experienced teachers with low levels of professional burnout had high propensity to comply with high quality of implementation. Multilevel moderated mediation analysis indicated that 4Rs + MTP teachers with high compliance propensity were associated with higher classroom emotional support and lower children’s school absences than their counterparts in the control group. These findings may inform debates in policy research about the importance of providing the supports teachers need to implement SEL school programs with high quality.
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1. Introduction


1.1. School-based social and emotional learning interventions and child development

School-based social and emotional learning (SEL) interventions encompass a series of intentional program efforts designed to promote children’s learning and application of social, emotional and character skills required to succeed in school, workplace settings, relationships, and citizenship (Jones et al., 2019; Weissberg, 2019). Efficacy studies of such programs show that, relative to children in control conditions, children participating in these programs show improvements in their social and emotional skills, positive attitudes toward self and others, positive social behavior, fewer conduct problems, lower emotional distress, and have higher academic achievement scores (Durlak et al., 2011; Grant et al., 2017; Taylor et al., 2017).

SEL interventions in schools typically have the objective of both teaching students specific social and emotional skills and creating caring and supportive classroom interactions where such skills flourish (Brown et al., 2010; Brackett et al., 2012). According to the Teaching through Interactions Framework (Hamre and Pianta, 2007; Hamre et al., 2013), quality of classroom interactions is organized into three domains: Emotional Support, Classroom Organization, and Instructional Support. High quality interactions within each of these domains are hypothesized to promote students’ learning and social development (Hamre and Pianta, 2007; Pianta and Hamre, 2009). A randomized controlled trial of one school-based SEL program, Reading, Writing, Respect and Resolution (4Rs), showed positive effects on quality of third-grade classroom interactions as measured by independent observers (Brown et al., 2010). Moreover, children in schools implementing 4Rs showed lower hostile attribution biases and fewer depressive symptoms at the end of the first year compared to children in control schools (Jones et al., 2010), benefits that persisted and expanded to other outcome domains including teacher-reported attention skills, and aggressive and socially competent behaviors, following a second year of program implementation (Jones et al., 2011). These findings suggest that SEL programs improve teachers’ support during classroom interactions, which may in turn lead to other benefits for children experiencing these higher quality classroom interactions. A developmental systems approach to the evaluation of school-based SEL programs affords comprehensive interpretations of changes in children’s social and emotional functioning within contexts that provide rich and nurturing interactions (Roeser et al., 2000; Hamre and Pianta, 2005). However, no research to date has tested the quality of classroom interactions as a mediator of the effect of school-based SEL programs on children’s developmental outcomes.



1.2. Quality of implementation

Research in program evaluation suggests that the positive effects of school-based interventions on children’s outcomes depends largely on the quality of program implementation (Dane and Schneider, 1998; Fixsen et al., 2009; Lendrum and Humphrey, 2012; Durlak, 2016). For instance, in a meta-analytic study, Durlak et al. (2011) found that children in better-implemented SEL programs compared to poorly implemented programs showed greater gains in academic achievement and larger reductions in conduct problems and emotional distress. Similarly, in an elementary school mental health program, Dix et al. (2012) found that the difference between children in high- and low-implementation schools represented a difference in academic performance favoring children in high implementation schools equivalent to 6 months of schooling.

One of the limitations of most implementation studies is an over-emphasis on fidelity of implementation of program activities, that is, the extent to which the program was implemented as planned (Dane and Schneider, 1998). In this regard, measures such as the amount of program activities participants implemented (dosage) and participant enactment of program protocols (adherence) are considered to determine how well the program was implemented (Fixsen et al., 2009). Less attention has been paid to other factors associated with participants’ responsiveness to program implementation and quality of delivery of program activities (Durlak and DuPre, 2008; Lendrum et al., 2016). In addition, implementation studies have overlook the importance of factors associated with the supports teachers need for effective program delivery (Domitrovich et al., 2010), such as on-going coaching, training, and modeling from program experts (Hadden and Pianta, 2006; Kraft et al., 2018). Over the past two decades, the operationalization of fidelity of implementation has been extended to incorporate the construct of quality of implementation, including various measures of the amount and quality of both program implementation and implementation supports (Domitrovich et al., 2010; Dix et al., 2012). Figure 1A illustrates the model we use to distinguish program implementation from implementation supports in this study.
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FIGURE 1
 (A–C) Models guiding the estimation of teacher compliance propensity.


Previous research on school-based SEL interventions has found associations between several measures of program implementation and implementation supports and child and teacher outcomes. For instance, high quality of program delivery by teachers and children’s responsiveness to the intervention has been associated with reductions in children’s aggressive behavior and improvements in academic outcomes (Domitrovich et al., 2010; Humphrey et al., 2016). High program dosage and adherence have also been associated with improvements in children’s social competence (Rosenblatt and Elias, 2008). Similarly, teachers’ adherence to SEL program practices has been linked to gains in teachers’ quality of interactions with children in their classrooms (Abry et al., 2013). Teachers’ access to on-going coaching has also been linked to improvements in teacher emotional and instructional support in their classroom interactions with children (Pianta et al., 2008).

Program implementation and implementation supports are also associated. For instance, teachers attending high numbers of coaching sessions are also more likely to implement a higher number of program activities than teachers with few coaching sessions (Pas et al., 2015), and the strength of the teacher-coach working alliance has been associated with higher teacher adherence to program protocols (Wehby et al., 2012). Given this dynamic interaction between program implementation and implementation supports, it is pertinent to examine these two factors simultaneously in models evaluating the effect of quality of implementation as a whole on targeted program outcomes (Durlak and DuPre, 2008; Domitrovich et al., 2010). However, including several interrelated measures of implementation and implementation supports in a single model increases the risk of multicollinearity and the probability of Type I error. In this scenario, a comprehensive methodological approach that integrates measures of program implementation and implementation supports into a global index of quality of implementation may be a reasonable alternative to investigate the effects of implementation quality on program outcomes (Dix et al., 2010).

One example of a comprehensive measure of implementation is provided by Dix et al. (2012) in the study of the effects of a two-year SEL program (KidsMatter) on the academic outcomes of children from 100 elementary schools. Guided by the framework proposed by Domitrovich et al. (2008), an overall index of school implementation was created to sort schools into high and low implementation groups. The index was created using Latent Class Analysis (LCA) with a total of 37 items measuring adherence, dosage, and quality of delivery of both program implementation and implementation supports. However, only 13 items were found to differentiate adequately between high and low implementing schools; these particular items corresponded to adherence and quality of delivery of implementation support, as well as dosage of program implementation (Slee et al., 2009). This index successfully predicted better academic outcomes (in Literature and Mathematics) for children in high, compared to low, implementing schools. The difference between children from low and high implementing schools was robust to school level SES and was equivalent to a difference in academic performance of up to 6 months of schooling (Dix et al., 2012).

Research testing the effects of quality of implementation for core program components on program outcomes, or using multidimensional measures of implementation (e.g., dosage, adherence, responsiveness, quality of delivery), often restrict their study to the treated sample. Thus, the generalization of results is restricted to individuals sharing characteristics with one subsample of the study. Information about the quality of implementation is supposed to yield better insights into program related causes of the treatment effects; however, access to limited information about implementation and only in the treated sample is not sufficient for making better causal inferences about the treatment effects in the population.



1.3. Implementation and program effects

Recently, some studies are using a method to estimate the causal effect of complying with implementation of SEL interventions on child and teacher outcomes (Berg et al., 2017; Panayiotou et al., 2019), called Compliers Average Causal Effect (CACE). CACE is a method developed originally by Imbens and Rubin (1997) to identify differences in medical program outcomes between those who received the treatment and those who did not in both treatment and control groups. This approach requires clear cut-offs regarding participants who will be considered compliers, in order to make effective comparisons between participants in the treatment condition who did not comply with treatment and participants in the control condition who did not receive treatment (Follmann, 2000). In studies of SEL programs using CACE, compliers are often defined with a single measure of dosage (e.g., those who implemented one standard deviation above the median number of program activities; Panayiotou et al., 2019). In education research, this approach is limited. In addition to the term “complier” applied to an active and autonomous agent such as teachers implementing a program in their own field, it assumes those teachers who implemented less than the cut-off score (e.g., 1/3 of the curricular activities) and their children who received less program dosage are comparable with those in the control group who never implemented/received the intervention (Sagarin et al., 2014). However, research in SEL implementation has found that even when program dosage is low, the quality of delivery may make a difference in terms of program outcomes (Durlak and DuPre, 2008; Humphrey et al., 2018). Therefore, using a single measure of dosage to estimate CACE is similar to an arbitrary decision.

Other methods have been proposed that do not require equating noncompliers in a treatment group with participants in a control group (Sagarin et al., 2014). A propensity score approach has been proposed by Follmann (2000) to estimate the probability of compliance using covariates. This method allows for the estimation of, for example, teacher compliance propensity using teacher and classroom characteristics (covariates) known to predict high quality implementation among teachers (Downer et al., 2009b; Domitrovich et al., 2019). For instance, teachers in classrooms with high proportions of at-risk students and high emotional exhaustion (burnout) have shown lower implementation of SEL activities in the classroom (Musci et al., 2019). Therefore, using baseline covariates as predictors of compliance in the treatment group, it is possible to predict compliance propensity in the control group with similar baseline covariates. Translating this approach to a school-based SEL intervention context, compliance propensity could be estimated using baseline covariates as predictors of high and low quality of implementation in the treatment group and, using similar covariates, also predict compliance propensity in the control group. Since the propensity approach does not require equating noncompliers in the treatment group with select participants in the control group, teacher compliance propensity can be estimated using several indicators of high quality of implementation, in addition to dosage.

The magnitude of treatment effects at different levels of teacher compliance propensity may provide valuable information about how the high quality of implementation in SEL program may influence program effects on teachers and children. Particularly, this high quality of implementation may increase the effects of SEL programs in improving classroom interactions where children thrive with opportunities to learn and develop social and emotional skills needed to succeed in life. However, there is no research to date using compliance propensity in evaluations of SEL program implementation.



1.4. The current study

This study aims to understand the effects of an SEL program on classroom interactions and child SEL and academic outcomes as moderated by teachers’ compliance propensity. Furthermore, this study examines the role of classroom quality of interactions as a mediator of the relationship between an SEL program and child outcomes at different levels of teachers’ compliance propensity (see Figure 2). This study drew upon data collected as part of a cluster-randomized controlled trial evaluating the efficacy of a literacy-based SEL program (4Rs + MTP) implemented and tested in two consecutive cohorts of students within 60 New York City (NYC) public elementary schools during the 2015–2016 and 2016–2017 school years. The 4Rs + MTP program integrates two distinct and complementary evidence-based interventions: Reading Writing, Respect and Resolution (4Rs), a universal, school-based program integrating social and emotional competencies into the language arts curriculum for grades K-5 (Jones et al., 2011), and MyTeachingPartner (MTP), a coaching model that is based on providing teachers with personalized feedback and on-demand support of curriculum implementation, through web-based and in situ teacher-coach interaction (Pianta et al., 2008). The 4Rs program uses an ecological developmental approach (Bronfenbrenner and Morris, 1998) which posits that children develop negotiation strategies in interpersonal interactions within specific contexts. Accordingly, the 4Rs program includes social-cognitive processes associated with aggressive behaviors (e.g., hostile attribution bias), and classroom quality of interactions as proximal outcomes in their theory of change (Aber et al., 1998, 2011). Activities in the 4Rs program involve the selection of high-quality children’s literature that invites children, with the guidance of their teachers, to learn how to handle anger and use skills like listening, cooperation, assertiveness, and negotiation during interpersonal conflicts in classroom (Aber et al., 2011). The MyTeachingPartner (MTP) coaching approach draws on attachment theory as instantiated within classroom interactions (Hamre et al., 2013), positing that the quality of teacher-student interactions is pivotal for student learning, with a particular focus on the support teachers provide to create caring and trusting relationships with their students. The integration of the 4Rs program and the MTP coaching approach extends the focus of 4Rs in promoting positive interpersonal relationships in classrooms, including activities to promote high quality child-teacher relationships along with the activities to promote positive interpersonal negotiation strategies with peers. The MTP coaching approach also includes ongoing coaching to support teachers’ implementation of the 4Rs program curriculum. In sum, the 4Rs + MTP program aims to provide a systematic and comprehensive approach to in-person training on quality of classroom interactions and 8 cycles of video-based and web-mediated coaching focused on teachers’ implementation of the 4Rs curricular units in the classroom (e.g., lessons, book talk) that target the development of social and emotional competencies within the language arts. The program is designed to promote teachers’ psychological well-being, and high-quality classroom interactions that foster student learning, and the development of students’ social and emotional competencies and academic functioning. Preliminary findings based on the intent-to-treat analyses from the efficacy trial of the 4Rs + MTP program demonstrate positive intervention effects after 1 year of 4Rs + MTP implementation on teacher anxiety and stress, observation-based ratings of emotionally supportive interactions in classrooms, and children’s social competence, aggressive behavior and conduct problems as reported by teachers controlling for baseline scores on each outcome (Brown et al., 2019).
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FIGURE 2
 Multilevel moderated mediation model. Level 1 refers to variables at the child level, and level 2 refers to variables at the teacher and classroom level. P1–P5 refer to paths representing the relationships between variables.


The specific aims of this study were twofold. The first aim was to estimate teacher compliance propensity. Since there is no research to date estimating propensities of quality of implementation, the research questions for this objective are exploratory in nature, although partially informed by previous research on the quality of program implementation. Here we explore which components of program implementation and implementation supports would discriminate between profiles of quality of implementation for teachers in the treatment group (see Figure 1A). Previous work has found that both measures of implementation and implementation support successfully allow the classification of schools into high and low quality of implementation classes (Dix et al., 2010). We then explore teacher and classroom covariates that predict teacher compliance propensity for teachers in the treatment group (see Figure 1B) and the full sample (treatment and control groups; see Figure 1C). Previous research has found that teacher age, job burnout, and baseline quality of classroom interactions, and classroom characteristics such as percentage of behaviorally at risk children, are associated with quality of implementation (Downer et al., 2009b; Berg et al., 2017; Domitrovich et al., 2019). The second aim of this study was to examine teacher compliance propensity as a moderator of the relationship between school random assignment to 4Rs + MTP and (a) quality of classroom interaction (see Figure 2, paths P2 and P4), and (b) children’s SEL and academic outcomes (see Figure 2, paths P1 and P5). And (c) children’s SEL and academic outcomes as mediated by the quality of classroom interaction (see Figure 2, paths P2, P4, and P3)?

It was expected that teachers randomly assigned to 4Rs + MTP would have higher quality classroom interactions than teachers in the control group, when examined at an above average level of compliance propensity. Previous findings show that teachers who receive consultation and on-going support from coaches, compared with no personalized support, were able to provide better support to their students in the classroom (Pianta et al., 2008; Early et al., 2017). It was also expected that teachers with above average compliance propensity in schools randomly assigned to 4Rs + MTP would have children with higher social–emotional and academic outcomes than children of teachers in the control group. The literature on quality of implementation indicates that, in contrast to poorly implemented programs, well-implemented programs are associated with increases in children’s prosocial behavior (Rimm-Kaufman et al., 2007) and academic achievement (Dix et al., 2012), and reductions in conduct problems and emotional distress (Durlak and DuPre, 2008; Durlak et al., 2011) as well as unexcused absences from school (Neace and Munoz, 2012). Lastly, it was expected that teachers with above average compliance propensity in schools randomly assigned to 4Rs + MTP would have children with higher social–emotional and academic outcomes as mediated by higher quality of classroom interactions than children of teachers in schools randomly assigned to the control group. Previous research has found that supportive and nurturing interactions in the classroom are associated with better child behavioral (Portnow et al., 2018; Rucinski et al., 2018) and cognitive outcomes (Curby et al., 2009; Reyes et al., 2012). These findings along with evidence regarding positive effects of SEL interventions and quality of implementation on classroom quality and child outcomes suggest that children may benefit from SEL interventions through the effects on the quality of classroom interactions when interventions are well implemented.




2. Materials and methods


2.1. Participants

Data for this study were collected across two cohorts (2015–2016; 2016–2017) as part of the randomized controlled trial (RCT) of the 4Rs + MTP program. Across both cohorts, the study sample is comprised of 5,081 third- and fourth-grade children (treatment n = 2,326; control n = 2,755) taught by 334 teachers (treatment n = 151; control n = 183) from 60 urban, high needs elementary schools (treatment n = 31, control n = 29). Teachers in the treatment group were each assigned one of seven dedicated 4Rs + MTP coaches. There was a similar proportion of teachers in third (45.5%) and fourth (44%) grades, and most were female (90.9%). The ethnic/racial composition of teachers were White (38.9%), Hispanic/Latina (27.8%) and Black or African American (21.9%). On average, each classroom had approximately 22 children, and on average, 15 children per classroom (SD = 5.12) participated in the study. Table 1 shows teacher and classroom demographic characteristics.



TABLE 1 Teacher and classroom demographic characteristics (n = 334).
[image: Table1]

Children were 51.6% female with an average age of 8.8 years old (range: 5–12 years old), 65% Latine, 22% Black, 6% White, 5% Asian, and 2% other. Table 2 presents demographic characteristics of children in the sample.



TABLE 2 Child demographic characteristics.
[image: Table2]



2.2. Procedures

This randomized controlled study of the 4Rs + MTP program was carried out in two phases for each of two consecutive cohorts of participating schools. The first phase included school recruitment, school random assignment to treatment and control conditions, and consenting of teachers and children. The second phase included data collection and program implementation which took place during one school year. A timeline of activities during these two phases of the study is provided in Table 3.



TABLE 3 Study timeline.
[image: Table3]

Before the school random assignment process, third and fourth-grade teachers from each participating school were sent via email consent forms explaining the purpose of 4Rs + MTP and training and implementation procedures for the treatment group, and emphasizing that participation in the study was voluntary. Across cohorts there were a total of 444 eligible 3rd and 4th grade teachers out of which 336 consented to participate (76% overall, 76% in treatment group and 75% in control group). Trained research team members visited classrooms of all participating teachers and provided students with a brief, age-appropriate explanation of the study and the procedures for data collection. Students received consent forms in English and Spanish to take home to their caregivers/guardians. Students who returned a consent form signed by their parent/guardian indicating either consent or denial, were given a new grade-appropriate children’s book. From the 7,708 eligible students across cohorts, 5,081 (66%) were consented (treatment N = 2,326; control N = 2,755). All study procedures were approved by the local Department of Education.

Participating teachers and children completed baseline measures during Fall/Winter (wave 1) and end of year measures during Spring (wave 2). At each wave, teachers completed a battery of assessment for each of the consented children in their classrooms, as well as their own self-assessments, including demographic information about themselves and their classrooms. Children completed self-assessments via classroom administration of paper and pencil surveys, and trained observers visited each classroom to observe and rate the quality of classroom interactions and teaching practices.


2.2.1. Implementation of the 4Rs + MTP program

The 4Rs + MTP program implementation includes professional development for teachers in support of their effective delivery of the 4Rs curriculum in their classrooms. Seven experienced former educators served as 4Rs + MTP coaches and provided six in-person training sessions followed by eight cycles of one-on-one coaching to teachers in 4Rs + MTP schools, emphasizing content and strategies aimed to improve the quality of interactions in the classroom via the Teaching through Interactions framework (Hamre et al., 2013). Below, procedures for each component of 4Rs + MTP program are described.


2.2.1.1. The 4Rs program

The 4Rs component of the program consists of a curriculum divided into seven units, each focused on promoting skills to understand and handle feelings, listening to others, establish nurturing relationships through cooperation, negotiation, and building community. In total, 4Rs offers 66 in-class activities for third grade and 70 for fourth-grade classrooms. 4Rs includes a professional development component for teachers, consisting of six in person training sessions, each 6 h long, aimed to equip teachers with the knowledge and techniques needed to implement the 4Rs curriculum effectively in classrooms. Teachers also received in situ support from coaches to model, co-teach, and provide feedback on teacher implementation of 4Rs curricular activities.



2.2.1.2. MyTeachingPartner coaching

The MyTeachingPartner (MTP) component of the program provided teachers with support and professional development focused on one-to-one video-based coaching and access to video exemplars through a web-based interactive platform. 4Rs + MTP included eight video-based teacher-coach cycles, each focused on coaches (a) observing video recordings from each of their teachers’ classrooms to identify effective teacher-child interactions during 4Rs + MTP implementation; (b) providing each of their teachers with written prompts to focus teachers’ attention and generate teacher reflection on their interactions with students during the program implementation; and (c) establishing a supportive and reliable coach-teacher alliance where teachers felt comfortable asking questions and reflecting on their challenges without feeling judged or evaluated (Hadden and Pianta, 2006). Each cycle lasted approximately 4 to 5 weeks and was repeated eight times during the year of 4Rs + MTP implementation.

Data were collected on teachers’ implementation of program activities in the classroom and the implementation supports they received through training and coaching. Teachers in the treatment group used the online MTP web platform to keep weekly logs of their implementation of 4Rs + MTP lessons and units. Additionally, the MTP web platform registered information about teachers’ logins and visits to the platform’s webpages and the duration of these visits.





2.3. Measures


2.3.1. Classroom interactions and children’s SEL and academic outcomes


2.3.1.1. Student academic competence and school attendance

Student academic competence was measured using the New York State standardized English Language Arts (ELA) and Math achievement tests. The ELA population-scale score mean was 599.79 (SD = 20.22), and 599.77 (SD = 20.17) for third and fourth grades, respectively. Math population-scale score means for third and fourth grade in 2018 was 599.48 (SD = 20.19), and 599.38 (SD = 20.23).

Children’s school attendance was measured using direct reports of class attendance from the local Department of Education (DOE) records at the end of the year prior to the start of the study and again at the end of the main year of the study in each cohort. The DOE attendance data provides information on children’s number of days absent and number of days present during the school year. Baseline measures of attendance correspond to the total days present in the year prior to intervention delivery which was 2014–2015 for cohort 1 and 2015–2016 for cohort 2, whereas the end of the year measures of attendance corresponds to data from 2015 to 2016 for cohort 1 and 2016–2017 for cohort 2, the end of the main year of the study in each cohort.



2.3.1.2. Anxious and depressive symptoms (child report)

Children’s self-reported depressive and anxiety symptoms were measured through the depression subscale and anxiety subscale of the Behavioral Assessment System for Children (BASC; Kamphaus and Reynolds, 1998). The depression subscale is comprised of 13 true/false statements, such as “Nothing ever goes right for me.” Children’s anxious symptoms were measured using the self-report 13-item anxiety subscale of BASC. An example item includes, “I get so nervous I cannot breathe.” Scale reliabilities ranged from α = 0.85 in fall/winter to α = 0.85 in spring.



2.3.1.3. Aggressive behavior (child report)

Children reported on their own aggressive behaviors using the Aggression Scale (Orpinas and Frankowski, 2001). This scale is comprised of six items that ask children to report how many times they have engaged in specific aggressive behaviors over the past couple of weeks (0 = Never; 1 = Once or twice; 2 = A few times; and 3 = Many times). Examples of items are “I teased a kid at school” and “I pushed, shoved, or hit a kid at school.” Scale reliabilities ranged from α = 0.82 in fall/winter to α = 0.79 in spring.



2.3.1.4. Aggressive behavior (teacher report)

Children’s aggressive behaviors were assessed using teachers’ reports on the aggression subscale of the Behavioral Assessment System for Children (BASC-AGG; Kamphaus and Reynolds, 1998). Teachers responded 14 questions regarding the frequency of a particular child behavior over the past 30 days on a 4-point scale (1 = Never; 2 = Sometimes; 3 = Often; 4 = Almost always). Example items included “Argues when denied own way” or “Is a sore loser.” Cronbach’s alphas for this study ranged from α = 0.92 in fall/winter to α = 0.91 in spring.



2.3.1.5. Student social competence (teacher report)

To assess student social competence, an average of 19-items from the teacher-reported Social Competence Scale (Conduct Problems Prevention Research Group, 1990) was used. Teachers rated 19 items regarding child behavior over the past 30 days on a 4-point scale (1 = Never; 2 = Sometimes; 3 = Often; 4 = Almost always). Sample items included “Expresses needs and feelings appropriately” and “Cooperates with peers without prompting.” Internal consistency was high across the fall/winter and spring waves (α = 0.96 and α =0.98, respectively).



2.3.1.6. Hostile attribution bias (child report)

Children’s self-reported hostile attribution bias (HAB) was measured using a 6-item adaptation of the Home Interview (Dahlberg et al., 1998) developed initially by Dodge et al. (1986). In this version, children are presented with six visual and verbal representations (vignettes) of ambiguous but provocative social scenarios. Following the presentation of each vignette, children were presented with four possible causal attributions regarding the intent of the provocateur and were asked to select one causal attribution. Two attributions refer to the provocateur’s intent as benign or accidental = 0 (e.g., The ball slipped and hit you), and two responses describe the provocateur’s intent as hostile or purposeful = 1 (e.g., the student was being mean). Responses were coded as either 1 (hostile) or 0 (benign), and then averaged across items, with higher scores indicating greater hostile attribution bias. This measure had adequate internal consistency across both assessment waves (α’s = 0.74 to 0.78).



2.3.1.7. Aggressive interpersonal negotiation strategies (child report)

Following the assessment of their attributions of intent with scenarios from the Home Interview described above (Dahlberg et al., 1998), children were asked what they would do next in each of the six scenarios and then were asked to select one from among four possible response strategies. Responses were coded as either 1 (aggressive; e.g., Break something that belongs to that child) or 0 (non-aggressive; e.g., Not play with the child again) and then averaged across items. The Aggressive Interpersonal Negotiation Strategies score is created averaging children’s responses across items, with higher scores indicating greater tendencies to react aggressively. Internal consistencies ranged from α = 0.86–0.87.



2.3.1.8. Quality of classroom interactions (observer rated)

The quality of classroom interactions was measured using the Classroom Assessment Scoring System-Upper Elementary Version (CLASS-UE; Pianta et al., 2012). CLASS-UE is an observational measure to evaluate three domains of teacher-student interactions: emotional support, classroom organization, and instructional support.

Emotional support refers to a teacher’s skills and strategies in providing safe and supportive environments, where students feel secure and become more self-reliant in their explorations during problem-solving situations, feel positively related to others, and autonomous (Roeser et al., 2000; Hamre and Pianta, 2005). The domain of emotional support consists of three dimensions: positive climate, teacher sensitivity, and regard for student perspectives. Classroom organization refers to a teacher’s competence in providing structured, organized, and sequenced practices that help develop children’s self-regulatory skills (Blair, 2002). The domain of classroom organization consists of three dimensions: behavior management, productivity, and negative climate (reverse-coded). Instructional support refers to the pedagogical strategies a teacher uses to help children develop a sense of curiosity for learning, think about their learning and thinking processes (Baird, 1986), and in general, promote cognitive and language development in the classroom (Hamre et al., 2013). The instructional support domain consists of five dimensions: instructional learning formats, content understanding, analysis and inquiry, quality of feedback, and instructional dialog. Each dimension of CLASS is rated on a scale of 1 (low) to 7 (high).

A live classroom observation was conducted in each participating teacher’s classroom. A team of 18 classroom observers who were trained to reliability and certified on the CLASS-UE conducted the observations, and a single observer rated each of the 11 dimensions for each classroom. Domain scores were then calculated by taking the average of the dimension scores within each domain.

As we have reported elsewhere (Doyle et al., 2022), interrater reliability (IRR) was calculated using the 50 observations (16%) that were double-coded at observation 1 and the 39 observations (12%) that were double-coded at observation 2. IRR was calculated using a one-way random intraclass correlation (ICC), which captures rater consistency across two measured constructs (Shrout and Fleiss, 1979). The ICC is a conservative measure of interrater reliability, as it includes both the variability within and across observers. ICCs can range from −1 to +1, with values less than 0.5 indicating poor reliability, values between 0.50 and 0.75 indicating moderate reliability, values between 0.75 and 0.90 indicating good reliability, and values greater than 0.90 indicating excellent reliability (Koo and Li, 2016). In the current study, ICCs were 0.62 and 0.74 for Emotional Support, 0.45 and 0.88 for Classroom Organization, and 0.59 and 0.72 for Instructional Support at observation 1 and observation 2, respectively.




2.3.2. 4Rs + MTP program implementation and supports

All measures of program implementation and implementation supports are presented in Table 4. Correlation analysis of the 11 measures of implementation quality shows that each measure of implementation or implementation supports is significantly correlated with at least one other measure at or above r = +/−0.2. In addition, none of these correlation coefficients are high (<0.6), which suggest that measures of the same construct (dosage, adherence, and responsiveness) explain some but not all variation among these constructs (see Supplementary Table 1).



TABLE 4 Descriptive statistics of implementation variables.
[image: Table4]


2.3.2.1. Program implementation

Dosage or exposure to the seven units of the 4Rs curriculum was measured through teachers’ report of the number of units they implemented in their classroom. Exposure to a curricular unit was defined as the implementation of an entire unit consisting of at least three activities (one read aloud of the target book, one lesson activity, and one additional activity). Units with less than three activities implemented were considered incomplete. Overall, 72% of teachers completed unit 1; 80%, unit 2; 73%, unit 3; 62%, unit 4; 41%, unit 5; 31% unit 6; and 18%, unit 7. The proportion of units implemented in the classroom out of the seven total possible units in the curriculum was considered an indicator of exposure to program units (see Supplementary Tables 2, 3).

Adherence to program implementation was measured through coaches’ reports of teachers’ adherence to program activities. Coaches watched videos of their teachers’ implementation of activities in the classroom and evaluated teachers’ implementation of the action plan agreed on during the coach-teacher conference by rating a one item-sentence: “There was evidence in this video that the teacher implemented the action plan from the last cycle.” This item was rated using a 1 to 4 scale where 1 = no; 2 = Parts of the plan; 3 = Yes, the whole plan; 4 = Not Applicable. For cohort 1, coaches rated this item at the end of each of the eight cycles, whereas for cohort 2, coaches rated teachers’ videos only following cycles two and six. To be consistent with the measure of teachers’ adherence across cohorts, only ratings for cycle two (M = 2.29, SD = 0.51) and cycle six (M = 2.45, SD = 0.53) were considered in both cohorts and then aggregated to create one average score of Adherence to program implementation.



2.3.2.2. Implementation supports

Teacher’s responsiveness to coaching cycles was assessed with a 4-item measure. Specifically, following coaching cycles two and six, coaches rated teachers on a 4-point scale (1 = Strongly Disagree; 2 = Disagree; 3 = Agree; and 4 = Strongly Agree) for the following items: “The teacher’s responses to questions were in-depth and detailed” and “Based on the teacher’s responses, she/he appears engaged in the prompt process.” Cronbach’s alphas for this scale were 0.83 for cycle two, 0.81 for cycle six, and 0.82 for the aggregate of cycles two and six. A composite score with the aggregates of the two cycles was used to represent a teacher’s responsiveness to cycles.

Teachers’ ratings of the worth of their coach’s consultation (consultancy worth) were collected during cycles two and six using a 9-item scale that assessed their satisfaction with various components of the coaching process, including web resources, coaching consultation, and productivity. Using a 4-point response range (1 = Strongly Disagree; 2 = Disagree; 3 = Agree; and 4 = Strongly Agree), teachers rated items such as “This meeting helped me identify specific strategies that I can use in my classroom” and “These prompts focused on issues that were relevant to my practice.” Internal consistency for cycles two and six were high (α = 0.90 and 0.91, respectively). A single score of consultancy worth was created with the average of the nine items aggregated across cycles. The decision to measure teacher’s responsiveness to coaching cycles and consultation worth in only two of the eight cycles was driven by efforts to minimize the burden teachers might experience during the evaluation of implementation supports.

The number of words teachers used in their responses to coach prompts was used as a proxy for the time and effort teachers invested in their own professional development through the 4Rs + MTP program (Downer et al., 2009b). The total “words in the prompt responses” were summed within cycles and then averaged across the cycles completed for each teacher. In addition, the time elapsed between the moment the coach posted the prompt and the moment the teacher accessed it was used as a proxy for a teacher’s interest and engagement with the coaching process. This ‘prompt access time elapsed’ was averaged across cycles completed for each teacher.

Teachers’ responsiveness to in-person training sessions was evaluated using teachers’ ratings of 20 items across four domains: trainer’s knowledge, training learning environment, organization and materials, and learning outcomes of the training session. Pearson correlations among domains ranged between 0.72 and 0.94 across the 6 days. Cronbach’s alphas for the 20 items ranged between 0.86 and 0.98 across the six training days. Given the high correlation between domains and reliability of the 20 items in general, items were averaged within and then across the six training sessions to create an aggregate score reflecting teachers’ responsiveness to training.

Teacher-coach working alliance was measured at the end of the coaching cycles using coach ratings of 34 items from the Measure of Coach and Teacher Alliance–Coach Report (Bradshaw et al., 2009). This scale measures five domains: Working Relationship, Coaching Process, Investment, Benefits of Coaching, and Barriers to Coaching. Scores were averaged across domains to create a global teacher-coach working alliance score with an overall Cronbach’s alpha of 0.96.

Four measures of dosage or exposure to implementation supports were considered: (1) number of coaching cycles completed by teacher, (2) time teacher spent in conferences with their coach, (3) teacher attendance at the training, and (4) time teacher spent visiting the 4Rs + MTP intervention website. The number of coaching cycles completed by teacher (‘Coaching cycles completed’) during the intervention was determined by teachers responding to their coaches’ prompts. Coaches and teachers also reported on their contacts using the web platform, noting the total time spent during each conference. Reports of time spent in the conference were averaged across completed cycles (Mcoaches = 28.54 min, SD = 7.77; Mteachers = 34.15 min, SD = 12.26) and then one score with averages of coach and teacher reports was created as an indicator of “teachers” time spent in conference’ with coaches. A measure of teacher attendance in training was computed as the number of days a teacher attended in-person sessions of training out of the 6 days total days of training that were provided. Finally, to evaluate teacher exposure to teaching resources available through the 4Rs + MTP intervention website, the web platform captured information about the amount of time spent by teachers visiting the library page with text and video examples of high-quality teacher practices and visiting their confidential consultancy page where teachers could watch their teaching practices as edited by their coach. From this web usage data, the total amount of “time spent visiting the website” was calculated as an indicator of web-based exposure to the intervention. A cut-off maximum of 15 mins per page visit was used to correct for the times teachers ended their web session but forgot to logout.




2.3.3. Covariates


2.3.3.1. Professional burnout

Teacher burnout was assessed using the emotional exhaustion and personal accomplishment subscales of the Maslach Burnout Inventory-Educator Survey (MBI-ES; Maslach et al., 1986, 2001). The depersonalization subscale was not included as it has shown poorer internal consistency when compared to the other two scales (Schaufeli et al., 2001); therefore, it was excluded from the survey to reduce survey length. The emotional exhaustion subscale included nine items (e.g., “I feel emotionally drained from my work”) and the personal accomplishment subscale included eight items (e.g., “I feel exhilarated after working closely with my students”). Teachers were instructed to report the frequency with which they experienced the job-related stressors using a 7-point Likert scale ranging from 0 (“never”) to 6 (“every day”). Emotional exhaustion and personal accomplishment both showed acceptable internal consistency with Cronbach’s alpha values of 0.92 and 0.72, respectively.



2.3.3.2. Depression, anxiety, and stress

The Depression, Anxiety, and Stress Scale—Short Form (DASS-21; Lovibond and Lovibond, 1995), is a self-report measure that assesses symptomatology of depression, anxiety, and stress among adults. Each of the three subscales contains seven items. Teachers rated the degree to which given statements applied to them over the past week on a 4-point Likert-type scale ranging from 1 (Did not apply to me at all) to 4 (Applied to me very much, or most of the time). Sample items include “I feel that I had nothing to look forward to” (depression), “I was worried about situations in which I might panic and make a fool of myself” (anxiety), and “I found it hard to wind down” (stress). In the current study, the three subscales were moderate to strongly correlated (r = 0.47–0.67) and there was strong internal consistency among the items (Cronbach’s alpha = 0.90), therefore, the DASS-21 total score was used. Prior to conducting analyses, the DASS-21 total score was transformed, using the natural logarithm to base 10, to reduce the level of skewness and kurtosis. Before transformation, the mean DASS-21 score was 0.24 (SD = 0.30) and after transformation the mean DASS-21 score was 0.08 (SD = 0.09).



2.3.3.3. Teacher psychological wellbeing

The Psychological Well-Being Scale is a self-report measure that assesses teachers’ autonomy, personal growth, and positive relations with others (Ryff and Keyes, 1995). Each scale contains 7 items. Teachers rated the degree to which they agree with personal statements on a 7-point Likert-type scale ranging from 1 (strongly agree) to 7 (strongly disagree). Sample items included: “I tend to be influenced by people with strong opinions” (autonomy), “I am not interested in activities that will expand my horizons” (personal growth), and “Most people see me as loving and affectionate” (positive relations with others). The internal consistency for the total scale was moderate to high (Cronbach’s alpha = 0.72), therefore the total score based on an average of the 21 items was used for analysis in this study.



2.3.3.4. Positive and negative affect scale

The Positive and Negative Affect Scale (PANAS; Watson et al., 1988) consists of 10 words that describe positive and negative emotions. Teachers read each word and indicated the extent to which they had felt that way during the past few weeks on a 5-point Likert type scale ranging from 1 (Very Slightly or Not at All) to 5 (Extremely). Sample items of the subscales included: “Enthusiastic” (positive affect) and “Irritable” (negative affect). Internal consistencies were high for both positive affect (Cronbach’s alpha = 0.89) and negative affect (Cronbach’s alpha = 0.83).

Additional teacher-reported teacher and classroom demographic characteristics were considered as covariates, including teachers’ race/ethnicity, teachers’ years of experience, classroom type (e.g., special education, ICT/CTT), class size, proportion of students in the classroom with Individualized Education Plans, proportion of students in the classroom with Limited English Proficiency, proportion of female students in the classroom, and proportion of behaviorally at-risk students in classroom (i.e., students above norm cut-off scores on aggression and/or conduct problems were coded as 1). Cohort (Cohort 1 = 0; Cohort 2 = 1) was included as a covariate in all analyses.






3. Results


3.1. Missing data

Percentage of missing data on implementation variables was low, ranging between 2.6 and 6%. Table 4 shows descriptive statistics of quality of implementation variables and percentage of missing observations per variable. Several child level and teacher-classroom level variables showed more than or close to 10% of missing data. At the child level, Math (56%) and ELA score (57%) at wave 1 showed the highest proportion of missing data, whereas teacher burnout (9.7%) and teacher negative affect (9.4%), showed the highest proportion at the teacher/classroom level. Tables 5, 6 show descriptive information and proportion of missing observations of child outcomes and teacher-classroom variables, respectively. To examine whether data were missing completely at random (MCAR), tests for child level and teacher-classroom level variables at both wave 1 and wave 2 were performed using the function TestMCARNormality from the R package MissMech (Jamshidian et al., 2014). An additional test to detect missing patterns (Little, 1988) was also conducted on both datasets using the function LittleMCAR from the R package BaylorEdPsych (Beaujean and Beaujean, 2012).



TABLE 5 Descriptive statistics of child outcomes.
[image: Table5]



TABLE 6 Descriptive statistics of classroom and teacher variables.
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Intraclass correlations of student variables ranged between 0.06 and 0.37, and between 0.02 and 0.19 when clustered by teacher ID and by school ID, respectively (see Intraclass Correlations, ICC, Table 5). Since shared variance of children’s outcomes clustered by school were low (McCoach and Adelson, 2010), only teacher identification number was included as a cluster variable in the models for this study. The dataset including the full sample of teachers and students was imputed using the R package multiple imputation with multivariate imputation by chained equation (MICE; Zhang, 2016). Variables at level 2 (teacher/classroom) were imputed using the function 2only.pmm that aggregates level-1 predictors and imputes the level-2 variables using predictive mean matching (pmm; Kleinke, 2017). Variables at level 1 (child level) were imputed using random forest (Shah et al., 2014). Each imputation was performed separately for treatment and control groups and then combined into a single dataset. Twenty imputed datasets were used for analyses. Results of analysis of missing patterns and a description of multiple imputation procedures is presented in Supplementary Data Sheet 1.



3.2. Main analyses


3.2.1. Identifying profiles of quality of implementation among teachers

The first aim of this study was to identify teacher compliance propensity by exploring which components of program implementation and implementation supports would discriminate between profiles of quality of implementation for teachers in the treatment group (see Figure 1A). Latent Profile Analyses (LPA) was used to estimate the probability of teachers belonging to different profiles (clusters; Oberski, 2016) of quality of implementation. The LPA was estimated using the array of assessments of program implementation and implementation support (described in section Measures). Implementation variables were standardized. Intraclass correlations (ICC) of implementation variables suggested that part of the variances could be attributed to the nested structured of the data (i.e., teachers nested within coaches; ICC, M = 0.21, Min = 0.54, Max = 0.62; see Table 4). To account for the effect of coaches, dummy codes for coach were included in the subsequent LPA.

LPA analysis was performed in Mplus using maximum likelihood estimation to handle missing data (Muthén, 2004). The model of two profiles of implementation showed a good fit (Loglikelihood = −2077.53, AIC = 4237.07, BIC = 4359.67, Entropy = 0.99). Of the 147 teachers included in the analysis (i.e., four teachers who dropped out at the beginning of the study were excluded from this analysis), 81(55%) were members of latent profile one (LP1, below average) and 66 (45%) were members of latent profile two (LP2, above average). The probability of being in LP1 was significantly predicted by two implementation variables: consultancy worth (B = −0.89, SE = 0.03, p < 0.001) and time in conferences (B = −0.24, SE = 0.11, p < 0.025); whereas four variables significantly predicted the probability of being in LP2: consultancy worth (B = 1.08, SE = 0.001, p < 0.001), time in conference (B = 0.29, SE = 0.120, [image: image] 0.015), prompt access time elapsed (B = −0.183, SE = 0.079, p = 0.020), and teacher responsiveness to training (B = 0.23, SE = 0.11, p =. 040). Figure 3 shows the standardized coefficients for each of the implementation constructs for each of the LPs.
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FIGURE 3
 Estimated means of quality of implementation constructs by latent profile IS_R, Implementation Support Responsiveness; IS_D, Implementation Support Dosage; PI_D, Program Implementation Dosage; PI_AD, Program Implementation Adherence.


Validation analyses of the LPs suggested differences in four of 11 implementation constructs for teachers classified in LP1 and LP2 groups, as indicated by the Welch Two Sample t-test (Welch, 1947; see Table 7). Specifically, compared to teachers in the LP2 (above average) group, teachers in LP1 (below average) had significantly lower responsiveness to training and ratings of consultancy worth, spent significantly less time in conferences with their coaches, and higher prompt access time elapsed (i.e., spent more time to access the prompts provided by their coaches). None of the differences between LP1 and LP2 on the other five variables of implementation support and the two variables from program implementation were significant.



TABLE 7 Mean differences of quality of implementation constructs by latent profile.
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Results of the LPA, validation analysis, and visual inspection of the graph of standardized coefficients by LPs suggest that LP1 reflects a profile of teachers with below average quality of implementation and LP2 reflects a profile of teachers with above average quality of implementation (see Figure 3). Differences between these two profiles can be grouped as differences in teacher responsiveness to implementation supports and the dosage of implementation support they received, with teachers in the below average profile being significantly less responsive and receiving less support than teachers in the above average profile. None of the program implementation variables significantly characterized the profiles of quality of implementation, but this result should be interpreted with caution as explained later in discussion and limitations. The four teachers who dropped the intervention and therefore did not implement the program or receive implementation support were manually assigned to LP1 (below average profile).



3.2.2. Estimating teacher compliance propensity using teacher and classroom covariates

To further address our first study aim, we then used Follmann’s (2000) propensity score approach to explore teacher and classroom covariates that predicted teacher compliance propensity for teachers in the treatment group (see Figure 1B and the full sample treatment and control groups; see Figure 1C). Compliance propensity for the treated sample, that is, the propensity to be in the above average implementation latent profile (LP1 = 0; LP2 = 1) was estimated using nine baseline measures of classroom and teacher characteristics known to predict quality of implementation. These measures include proportion of students at behavioral risk, number of students in classroom, proportion of students with active IEPs, teachers’ number of years of experience, teacher burnout, teacher psychological wellbeing, teacher positive affect, teacher negative affect, and teacher score of depression, anxiety, and stress (aggregated). Analysis was performed using Random Forest, a machine learning technique (Zhao et al., 2016) robust to non-normal data which performs well with multivariate data of different formats (continuous and categorical). Random Forest uses recursive partitioning, which applied to propensity score estimation in this study consists of recurrently splitting the data into nodes (i.e., groups) based on values of the categories of a categorical covariate or a cutoff applied to a continuous covariate that discriminates between quality of implementation profiles (LP1 and LP2). Propensity scores can be obtained as the proportion of cases in the above average quality of implementation profile at each terminal node. Random Forest was implemented using the cforest unbiased function from the R package “Party” (V1.3-5; Hothorn et al., 2006). Bias was controlled by running a large number of trees with bootstrapped samples of the same size as the original sample and combining results, options were set to 1,000 trees and a random sample of m = 3 predictors, chosen from all possible predictors p = 9 using the formula m = [image: image]. Compliance propensity was estimated for each imputed dataset and then aggregated across datasets to create an average compliance propensity score (Mean compliance = 0.43; SD = 0.11; Skewness = 0.24; Kurtosis = −0.64). The distribution of compliance propensities was similar across datasets. Density plots of compliance propensity across 20 imputed datasets can be found in Supplementary Figure 1. Not all nine baseline classroom and teacher characteristics contributed equally to the estimation of compliance propensity as suggested by coefficients of mean decrease difference in accuracy (MDD). Covariate coefficients of mean decrease of accuracy greater than zero indicate that the absence of such covariates have an impact in decreasing the accuracy of the model (Louppe et al., 2013). MDD was computed using the function varimp and allowing association with covariates with a threshold of 0.2, which implies that the resulting predictor importance score is conditional on the importance of other predictors similar to beta coefficients in regression models (Strobl et al., 2008). According to this indicator, number of years of experience as a teacher was the most important covariate predicting compliance propensity, with the highest mean decrease in accuracy coefficient (MDD = 0.015), followed by teacher burnout (MDD = 0.052). The other seven covariates have MDD coefficients lower than 0, suggesting low to zero contribution to the model of classification (see Supplementary Table 4A). Further analysis in the treated sample show that teacher compliance propensity significantly predicted three variables related to implementation supports: teacher’s ratings of consultancy worth (B = 0.68; SE = 0.51), average time in conference (B = 0.23; SE = 0.70), and teacher’s responsiveness to training (B = 0.24; SE = 0.69) These findings suggest the resulting propensity scores estimated by years of experience and teacher’s levels of burnout, are significantly associated with variables of implementation supports that characterized the above and below profiles of quality of implementation (see Supplementary Table 4B). Compliance propensity for teachers in the control group was predicted using the weights of the nine covariates based on the propensity estimation conducted for teachers in the treatment group. Visual inspection of box and whisker plots suggested an adequate area of common support, that is, the area of the distribution of compliance propensity includes values for teachers in the treatment and control group. To evaluate covariate balance across treatment and control conditions, analysis of covariance (ANCOVA) was used to examine differences on each covariate between treatment and control groups at above and below average quality of implementation after controlling for compliance propensity. Results showed that interactions between random assignment and levels of above and below average compliance propensity were not significant for any of the covariates used to predict profiles of quality of implementation, suggesting balance was achieved for all covariates across the randomly assigned conditions (see Supplementary Table 5).



3.2.3. Relations among school random assignment to 4Rs + MTP, teacher compliance propensity, quality of classroom interactions, and child outcomes

Our second aim was to examine teacher compliance propensity as a moderator of the relationship between school random assignment to 4Rs + MTP and (a) quality of classroom interaction (see Figure 2, paths P2 and P4), (b) children’s academic and SEL outcomes (see Figure 2, paths P1 and P5), and (c) children’s academic and SEL outcomes as mediated by the quality of classroom interactions (see Figure 2, paths P2, P4, and P3).

Here we used multilevel modeling to test the relations between random assignment (a level-2 predictor) and child academic and SEL outcomes (level-1 outcomes), mediated by quality of classroom interaction (a level 2 variable). This multilevel mediation is examined at different levels of teacher compliance propensity (a level-2 moderator), using an adaptation of the general path analytic framework proposed by Edwards and Lambert (2007) for testing direct, indirect, and total effects on an outcome at different levels of a moderator. Although Edwards and Lambert (2007) do not discuss the moderated mediation in a multilevel path, to account for the nested structure of students within teachers-classrooms in this study, a random intercept is also included in the regression equations (Tingley et al., 2014; Rockwood, 2017; Finch, 2022).

The multilevel moderated mediation model was fit using the SemTools R package (Jorgensen et al., 2019), which allows the estimation of multilevel analyses in multiple imputed datasets using the structural equation models (SEM.mi) function. Inspection of correlations among residuals (higher than 0.1) and modification indices suggest covariation between domains of quality of classroom interaction, therefore covariances among emotional support, classroom organization, and instructional support were included in the model. Teacher ID was used as a cluster variable. The model converged in the 20 imputed datasets and results from the pooled fit measures showed an adequate fit [image: image] (134) = 386.69 p < 0.01, CFI = 0.91, TLI = 0.84, RMSEA = 0.02. Rubin’s (1987) rules were used to pool point and SE estimates across 20 imputed data sets, and to calculate degrees of freedom for each parameter’s z-test and 95% confidence interval (CI). Coefficients were tested with an [image: image], two-tailed level of significance. However, trends in the hypothesized direction are reported using one-tailed tests (90% CI). To test direct and indirect effects, robust confidence intervals were estimated using a Monte Carlo test of mediation (MacKinnon et al., 2004) with 1,000 random samples with population values equal to the coefficients and covariance of the sample (Preacher and Selig, 2012). Quality of classroom interaction and child outcomes were regressed on school treatment assignment (0 = control, 1 = 4Rs + MTP), compliance propensity, the interaction of treatment assignment and compliance, the three domains of quality of classroom interaction, cohort (0 = cohort 1; 1 = cohort 2), and values of the target outcome at wave 1 (grand mean centered for classroom outcomes, and group mean centered for child outcomes). Each path of the moderated mediation was tested at two levels of the moderator, teachers’ compliance propensity-mean centered, namely, 1SD below average compliance and 1SD above average compliance. An example equation with a detailed explanation can be found in Supplementary Data Sheet 2.


3.2.3.1. Moderation of compliance propensity on the effects of 4Rs + MTP on quality of classroom interactions

Random assignment to 4Rs + MTP was associated at the trend level (p < 0.10) with positive effects on emotional support when moderated by above average compliance (b = 0.25, SE = 0.15, 95% CI [−0.035, 0.535]). Since the effect of treatment on emotional support followed the hypothesized direction, this direct path was tested at the 90% CI using the Monte Carlo method for mediation with 1,000 replications. Results show that the conditional effect of treatment on emotional support was significant at the 90% CI [0.0208, 0.4736]. By contrast, when evaluated at below average level of compliance, the effect of treatment on emotional support was not significant and close to zero (b = 0.04, SE = 0.12, 95% CI [−0.193, 0.278]). The effects of treatment on instructional support and classroom organization at below average compliance were also not significant. Table 8 shows parameters and test statistics of the direct effects of treatment on all three domains of classroom interactions, conditioned on different levels of the moderator compliance (path “a”). Parameter estimates and test statistics for each predictor in the model can be found in Supplementary Table 6.



TABLE 8 Effects of 4Rs + MTP on quality of classroom interactions conditioned on teacher compliance propensity (Path “a”).
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3.2.3.2. Moderation of compliance propensity on the effects of 4Rs + MTP on children’s academic and SEL outcomes

Teacher compliance propensity moderated the effect of treatment on children’s school absences. Random assignment to 4Rs + MTP was associated with significantly fewer school absences than random assignment to the control group when moderated by above average teachers’ compliance propensity (b = −0.084, SE = 0.04, 95% Monte Carlo CI: [−0.13, −0.012]). Association of random assignment to 4Rs + MTP and school absences was not significant when tested at levels below average compliance (b = 0.03, SE = 0.039, 95% CI [−0.045, 0.107]). Compliance propensity did not moderate the effects of treatment on the other seven children’s outcomes. Coefficients and test statistics for each predictor can be found in Supplementary Table 7. See Supplementary Table 8 for parameters and test statistics of the direct effects of treatment on all child outcomes, conditioned on different levels of the moderator compliance (path “c”).



3.2.3.3. Moderation of compliance propensity on the effects of 4Rs + MTP on children’s academic and SEL outcomes, as mediated by quality of classroom interactions

Results of the effects of domains of quality of classroom interactions on children’s academic and SEL outcomes showed a significant positive effect of classroom organization on children’s academic test scores (b = 4.61, SE = 1.857, 95% CI: [0.013, 9.64]). In addition, there was also a trend level positive effect of instructional support on academic test scores (b = 2.90, SE = 1.69, 95% CI: [0.086, −0.411], p = 0.08). Although not significant, there were also trend level effects of quality of classroom interactions on child reported aggressive behavior. Higher emotional support was associated with lower aggressive behavior (b = −0.03, SE = 0.02, 95% CI: [−0.063, 0.004], p = 0.08). Likewise, higher classroom organization was associated with lower child reported aggressive behavior (b = −0.03, SE = 0.02, 95% CI: [−0.065, 0.005], p = 0.09). Finally, there were also trend level associations in the expected direction between classroom organization and children’s aggressive interpersonal strategies (b = −0.02, SE = 0.01, 95% CI: [−0.032, 0.002], p = 0.08) and internalizing symptoms (b = −0.01, SE = 0.01, 95% CI: [−0.002, 0.002], p = 0.09).

None of the domains of quality of classroom interactions mediated the effect of treatment status on child outcomes. However, the total effect of treatment on school absences was significant when evaluated at levels of above average compliance (b = −0.07, SE = 0.036, 95% CI: [−0.1.44, −0.003]; see Figure 4; Supplementary Tables 7, 8).
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FIGURE 4
 Mediation of quality of classroom interactions in the effect of random assignment to 4Rs + MTP on child school absences at different levels of teacher compliance propensity.







4. Discussion

Evidence for evaluation of SEL school interventions shows that promoting children’s social and emotional skills in schools can have important positive effects on children’s outcomes, including academic achievement, reduced school absences, and reduced problem behaviors (Jones et al., 2019; Weissberg, 2019); and on classroom and school outcomes, such as improvements in school climate and more supportive relationships in classroom interactions (Pianta et al., 2008; Brown et al., 2010; Hamre et al., 2013). However, studies testing the role of classroom interactions as mediators of the effects of SEL programs on children’s outcomes are scarce. In addition, evidence regarding the implementation of SEL programs suggests programs impacts are amplified when programs are implemented with high quality (Dane and Schneider, 1998; Durlak, 2016). Few studies of SEL programs to date include implementation variables as predictors in their program impact models (Derzon et al., 2005; Humphrey et al., 2018) or use holistic measures of quality of implementation instead of relying solely on measures of dosage (Durlak and DuPre, 2008; Domitrovich et al., 2010).

Accordingly, this study had two primary aims. First, we explored several indicators of teachers’ adherence to and dosage of 4Rs + MTP program activities, and responsiveness and exposure to program implementation supports to identify teachers’ profiles of quality of implementation. We then estimated teachers’ propensity to comply with implementation based on teacher personal characteristics and classroom characteristics known to predict quality of implementation. Second, we examined the effects of the 4Rs + MTP program on classroom quality of interactions and children’s academic and SEL outcomes at different levels of teachers’ compliance propensity, including examining whether classroom quality of interactions mediated the effect of the 4Rs + MTP program on children’s SEL and academic outcomes, when moderated by levels of teachers’ compliance propensity.

This is the first study to date to take a compliance propensity approach to understanding whether and how quality of implementation moderates the effects of an SEL program on classroom and child outcomes, and as such it is somewhat exploratory in nature. It is important to state that the compliance propensity approach to examining quality of program implementation may lack precision relative to the use of direct indicators of treatment teachers’ implementation quality. However, the strength of this approach is that it affords inclusion of teachers in the control group for whom there were no direct measures of implementation, thus reducing the corresponding bias when making causal inferences about treatment effects.


4.1. Profiles of teachers’ quality of implementation and compliance propensity

Teachers’ quality of implementation of the 4Rs + MTP program was represented by two profiles consisting of teachers with below and above average quality of implementation. Teachers in the above average quality of implementation profile were characterized by their high responsiveness and their high exposure to implementation supports; whereas teachers in the below average quality of implementation profile were characterized by their low responsiveness and low exposure to implementation supports.

Traditionally, research on implementation has distinguished between high and low quality of implementation using measures of program implementation, such as dosage and adherence to program implementation (Dusenbury et al., 2004). Findings in the current study suggest that the distinction between high and low quality of implementation might also be characterized by measures of teachers’ responsiveness and dosage of implementation supports. These findings support claims from researchers in implementation science suggesting the importance of including measures of dosage and responsiveness to implementation supports, such as time spent with coaches, teacher’s ratings of consultancy worth and teacher responsiveness to training, also documented in the literature of quality of implementation as central to program impact (Domitrovich et al., 2010; Wehby et al., 2012; Pas et al., 2015).

Profiles of quality of implementation were established based on distinguishable patterns in the implementation supports teachers received through the 4Rs + MTP program. However, measures of dosage and adherence to program implementation did not play a significant role in the characterization of teacher’s profiles of quality of implementation in this study. These results may be seen as contradictory with past literature about the positive associations between the quality and quantity of coaching and training teachers received and teacher’s dosage of and adherence to program implementation (Downer et al., 2009a,b; Wehby et al., 2012; Patti et al., 2015; Ashworth et al., 2018). In accordance with this literature, it was expected that both measures of implementation supports and program implementation would significantly discriminate between above and below teacher’s profiles of quality of implementation. However, it is worth noting that, as described in our methods, measures of dosage of program implementation were provided by teacher’s self-reports of the number of activities they implemented in their classrooms. Previous findings show that teacher’s self-reports of dosage are frequently high, which compromises the ability of these kind of measures to discriminate between high and low dosage of implementation (Domitrovich et al., 2010). Further research should include observed measures of dosage in program implementation, which have been found to be more reliable than self-reported measures (Durlak and DuPre, 2008; Domitrovich et al., 2010). Regarding adherence to implementation of curricular activities in the classroom, differences on this coach reported measure might have been obscured due to the decision to control for coach assignment during the estimation of profiles, and thus minimize the potential bias of coach’s idiosyncratic judgments. Differences in teacher-coach alliance, also reported by coaches, and found to be a significant predictor of program implementation in previous research (e.g., Wehby et al., 2012) might have also been affected by the decision to control by coach assignment in this study.



4.2. Compliance propensity and teacher and classroom characteristics

Years of experience as a teacher and professional burnout were the sole contributors to the estimation of teacher compliance propensity. Findings suggest that more experienced teachers and teachers who reported lower levels of burnout were more likely to be high compliers in implementing the 4Rs + MTP program. Although exploratory, these results are consistent with prior evidence that shows links between variation in teacher professional experience and program implementation (Fixsen et al., 2009; Weiss et al., 2014), specifically findings that early career teachers report low quality of implementation (Domitrovich et al., 2019) and more experienced teachers spend more time in conferences with their coaches (Downer et al., 2009a). In addition, recent evidence from a randomized trial testing the integration of the Good Behavior Game and MTP among early career teachers found significant intervention effects on student behavior and achievement but only among those teachers exhibiting high baseline levels of distress and disruptive behavior in their classrooms (Tolan et al., 2020). Interestingly, in the current study, proportion of children in the classroom considered at behavioral risk was not significantly associated with teacher implementation despite prior evidence to the contrary (Musci et al., 2019).



4.3. Compliance propensity and relationships among 4Rs + MTP, classroom quality of interactions and children’s outcomes

There was a trend level effect in the moderation of compliance propensity on the effects of 4Rs + MTP on classroom emotional support. When examined at above average levels of compliance, 4Rs + MTP had a positive effect on classroom emotional support. This effect, however, was negligible for teachers with below average compliance propensity. Previous work has found that teachers receiving support through on-going coaching and web-based material in the MyTeachingPartner (MTP) coaching program were better at proving emotional and instructional support to their students (Pianta et al., 2008). Further, as noted above, preliminary findings from the efficacy trial of the 4Rs + MTP program show positive main effects of overall exposure to 4Rs + MTP implementation on classroom emotional support (Brown et al., 2019). Although the aims of the current study did not include the evaluation of specific components of quality of implementation on classroom quality of interactions, findings suggest the effect of the 4Rs + MTP program on emotional support is amplified among teachers who have a higher propensity to comply with the implementation, including their propensity to benefit from the coaching support provided through MTP.

Students´ social and emotional skills are effectively taught and learned within caring and supportive environments (Collaborative for Academic, Social, and Emotional Learning, 2017), where students feel secure and positively related to others (Roeser et al., 2000; Hamre and Pianta, 2007). However, teachers also need social and emotional skills to build caring and supportive relationship with their students (Kingston and Wilensky, 2018). The support teachers receive from coaches during program implementation might improve the emotional resources teachers need to provide higher quality emotional support in their classrooms. For instance, other research has found that teachers receiving ongoing coaching have reported increased self-awareness, self-management, and improved relationships with students (Patti et al., 2015). Moreover, strong teacher-coach alliance buffered the negative effects of teacher burnout on teacher implementation of SEL activities with their students (Wehby et al., 2012).

By contrast, the effects of 4Rs + MTP on instructional support and classroom organization were not moderated by teachers’ compliance propensity. More research is needed to understand the influence of variations in quality of implementation in the effect of 4Rs + MTP on instructional support and classroom organization.

Compliance propensity also moderated the effects of 4Rs + MTP on child school attendance. Specifically, when examined at above average compliance propensity, 4Rs + MTP was associated with fewer school absences. This effect, however, was negligible for children from teachers with below average compliance propensity. This study provides evidence about the role of SEL programs in improving children’s school attendance when the program is well implemented, and in this case, when teachers have high propensity to implement the program with high quality.

This contribution is relevant in the context of SEL program implementation, considering the limitation of most SEL programs with regard to having significant impacts on academic attainment (less than 10% in the United States; Grant et al., 2017). In a prior quasi-experimental study of the 4Rs + MTP program, the integration of MTP coaching for teachers with the prior 4Rs intervention model also yielded positive effects on children’s school attendance relative to the 4Rs program without MTP coaching (Doyle et al., under review).

Previous literature suggests that highly supportive classrooms are likely to encourage students’ attendance (Barth, 1984; Baker et al., 2001; McCluskey et al., 2004). However, none of the domains of classroom quality of interactions mediated the effects of 4Rs + MTP in reducing school absences, suggesting that the mechanism through which 4Rs + MTP is associated with lowering child absences at the above average levels of compliance propensity is not explained by overall higher quality classroom interactions. An alternative explanation is that teachers with high compliance propensity provide effective support to individual students, perhaps those at higher risk of truancy, without necessarily extending this support (or not extending it to the same degree) to all children in the classroom. Interventions targeting individuals or small groups at risk of truancy, instead of at the classroom as a whole, have been common practice in education (Teasley, 2004; Reid, 2013). Findings might suggest that these teachers in 4Rs + MTP would develop the skills needed to provide effective support to students at risk of truancy, resulting in their higher attendance.

Finally, domains of classroom interaction quality (i.e., emotional support, instructional support, and classroom organization) did not mediate the effects of 4Rs + MTP on any of the other child outcomes at levels of above average compliance propensity. It is possible these nonsignificant effects are a function of the mediating mechanism (i.e., domains of classroom interaction quality) not actually being evident when examined based on different levels of the moderator. Since teacher years of experience and burnout were the main predictors of compliance propensity, examining the effects of treatment at above average compliance propensity is virtually equivalent to examining the effects of treatment at high levels of teaching experience and low levels of burnout. It is possible, that experienced teachers with low levels of burnout might have developed strong skills in promoting effective classroom quality of interactions, such that treatment differences are noticeable only in one specific domain of classroom quality of interactions: emotional support.

Although, in this study there was not a significant mediation effect of emotional support on child outcomes, taken together, the evidence from previous studies and findings from the current study suggests that the quality of supports received by teachers with high compliance propensity in 4Rs + MTP would bolster or improve their emotional skills in ways that may in turn increase their ability to provide effective emotional support during their interactions with students. Thus, teachers would develop emotional skills needed to provide emotional support in their classrooms through highly supportive interactions with their coaches. More research is needed, nevertheless, to understand the effect of high-quality coaching in improving teachers’ emotional skills, and the mediating role of these skills on the relationship between SEL programs such as 4Rs + MTP and the quality of teachers’ emotional support in classrooms.



4.4. Limitations

One of the limitations in the current study was its sole reliance on teacher personal characteristics and classroom characteristics to estimate teacher compliance propensity with implementation, while excluding the potential effects of coach assignment to teachers. It is worth noting that coach assignment was controlled for during the identification of profiles of quality of implementation for the treated teachers. Accordingly, teachers’ compliance propensity in this study should be interpreted as teachers’ probability of complying with implementation given personal and classroom characteristics, and regardless of the particular influence of coaches in the implementation process. While the role coaches played in implementation might have influenced teachers´ program implementation, the decision to exclude coach assignment was the trade-off for being able to calculate compliance propensity for teachers in the control group for whom coach assignment was not available.

Some measures of child outcomes in 4Rs + MTP might be limited in terms of evaluating the effects of the program. For instance, academic measures rely only on test scores but are not sensitive to other indicators of academic performance and engagement such as the quality of a child’s academic work and participation in their classroom. Although the CLASS observation measure assessed information on interaction quality at the classroom level, it did not provide information about child level interaction quality, which may be a distinctly sensitive indicator of children’s classroom interaction experience. Including observational measures of child interactions with teacher and peers, such as inCLASS (Booren et al., 2012), might provide valuable information to evaluate the effects of SEL programs on child engagement during academic tasks and classroom interactions. Regarding social and emotional outcomes, while this study included validated scales and questionnaires that provide reliable results that allow comparisons with findings from other studies and that were largely proximal to the 4Rs + MTP program’s theory of change (e.g., measures of social-cognitive processes associated with aggression), other potential child social–emotional outcomes relevant to the program’s goals were not included in the current study (e.g., child empathy).

Finally, domains of classroom interaction quality (i.e., emotional support, instructional support, and classroom organization) did not mediate the effects of 4Rs + MTP on any of the child outcomes at above average levels of compliance. This study relied on data collected between winter and spring. Significant mediation effects may take more than the time elapsed during this period or even one full school year to manifest. Treatment differences in emotional support due to high compliance with treatment assignment, might not be sufficient to significantly mediate the effects of treatment on child outcomes when examined in this group of teachers. The possibilities for expanded effects to other domains of classroom interactions and a significant mediation effect of classroom emotional support on child outcomes will be examined in the subsample of third grade teachers who were followed and assessed in the fall and spring of the subsequent school year along with their new class of 3rd grade students.



4.5. Conclusion

Consistent with previous research, findings in this study show that more experienced teachers with low levels of burnout were more likely to comply with high quality implementation of the 4Rs + MTP program (Fixsen et al., 2009; Downer et al., 2009a; Wehby et al., 2012; Domitrovich et al., 2019; Musci et al., 2019; Weiss et al., 2021). These teachers showed better skills in providing emotional support and their students had fewer school absences than students of teachers with similar compliance propensity in the control group.

While this study only found significant moderation of high compliance propensity on the effect of 4Rs + MTP on child school attendance and a trend on teacher emotional support, it provides a steppingstone toward understanding the extent to which teachers’ propensity to comply with implementation influences the effects of SEL programs on classroom and child outcomes. This research provides evidence that implementing SEL programs by teachers with high compliance propensity, may have positive impacts on classroom emotional support, increasing the opportunities for providing nurturing and caring environments that promote children’s development and learning, and increasing school attendance. This is consistent with a developmental cascades approach (Masten and Cicchetti, 2010), prioritizing intervention with teachers as part of a developmental system that can then facilitate positive developmental changes at the child level. This study contributes to the understanding of quality of implementation of SEL programs, particularly, a compliance propensity approach highlights the importance of providing the resources teachers need to increase their propensity to implement an SEL program with high quality, which in turn, increases the likelihood of desired program impacts.

The interest in research on implementation has grown in recent years, in part due to the potential answers such research can provide policymakers in determining adequate or minimum levels of implementation needed for a program to be effective (Meyers et al., 2012; Smith and Hutchinson, 2022). Particularly, findings from the current study suggest that the implementation supports teachers receive during program implementation is a key component in securing high levels of compliance.

Post hoc analyses of variance of teachers’ quality of implementation in this study suggests that teacher quality of implementation likely varied systematically by coach assignment. Although measures of coach alliance and coaching worth provide valuable information about the quality of the working relationship between teachers and coaches, these measures rely on de facto ratings from the perspective of teachers and/or coaches, and are therefore susceptible to temporal (recall) bias. In this regard, research examining quality of implementation might benefit from an interpersonal perspective, such that the relationship between teachers and coaches becomes the focal unit of analysis. Research on implementation might benefit from observed measures of specific dimensions of teacher-coach quality of interaction that can be linked to improvements in teachers’ practices in classrooms.

Quality of implementation might be considered a moderator of the effects of program on teacher outcomes, classroom quality of interactions, and child outcomes. As discussed above, coaching is pivotal in helping teachers to develop the social and emotional skills needed to provide emotional support in their classrooms, which in turn might contribute to improving children’s academic and SEL outcomes. Path analysis might be a useful alternative for researchers interested in examining multiple mediating mechanisms by which programs affect child outcomes. Such complex analyses may illuminate how programs generate positive changes in teachers social and emotional skills when implemented with high quality, and enable effective and sustainable high quality interactions in classrooms and improvements in child academic and social and emotional functioning.

The compliance propensity approach could be extended to include factors pertaining to program implementation at the school and district level that might influence teachers’ propensity for high quality program implementation. The support schools receive from districts to allocate resources needed to implement the program, the school climate and school level of preparedness to embark on structural changes, are factors that have been examined and shown to contribute to SEL program implementation and child outcomes (Kendziora and Osher, 2016; Oberle et al., 2016; Domitrovich et al., 2019). Using a multilevel propensity approach (Li et al., 2013; Leite et al., 2015; Li and Fraser, 2015; Fuentes et al., 2021) could contribute to the understanding of the effects of teacher propensity for high quality program implementation on classroom and child outcomes, while accounting for their transactions with and within broader levels of the context. This dynamic system perspective of program implementation is consistent with the idea of a holistic comprehension of quality of implementation proposed in this study.
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Language program None/English 132 87 147 80 279 864
Dual language 5 3 10 5 15 46
Bilingual 9 6 4 2 3 40
ENL/ESL 2 1 14 il 16 50
Missing 3 2 8 4 n 33
Tx ct Total
M sD M D M sD Min Max
Years of teaching experience 1199 860 954 640 10.70 7.60 1 40
Years at current school 803 7.23 639 561 7.10 640 1 31
Class size 2155 577 2.1 597 2240 590 6 )
Proportion of girls 047 014 047 012 0.48 013 0 1
Proportion of IEP 013 023 018 0.25 0.16 023 0 1
Proportion of LEP 0.29 033 029 0.33 0.29 033 0 29

ICT, Integrated Co-Teaching; CTT, Collaborative Team Teaching: IER, Individualized Education Plan; LEP, Limited English proficiency.
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X, Random assignment to 4Rs-+ MTP (1) vs. Control (0); ES, Emotional Support; IS, Instructional Support; CO, Classroom Organization.





