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Abstract
A growing body of research has documented a link between variation in implementation dosage and outcomes associated 
with preventive interventions. Complier Average Causal Effect (CACE; Jo in J Educ Behav Stat 27:385–409, 2002) analysis 
allows for estimating program impacts in light of variation in implementation. This study reports intent-to-treat (ITT) and 
CACE findings from a randomized controlled trial (RCT) testing the impacts of the universal PAX Good Behavior Game 
(PAX GBG) integrated with Promoting Alternative Thinking Strategies (i.e., PATHS to PAX) and PAX GBG only compared 
to a control. This study used ratings by 318 K-5 teachers of 1526 at-risk children who, at baseline, were rated as displaying 
the top 33rd percentile of aggressive-disruptive behavior. Leveraging a prior study on these data (Berg et al. in Admin Policy 
Ment Health Ment Health Serv Res 44:558–571, https​://doi.org/10.1007/s1048​8-016-0738-1, 2017), CACE was defined as 
the effect of intervention assignment for compliers, using two compliance cut points (50th and 75th percentile), on posttest 
ratings of student academic engagement, social competence, peer relations, emotion regulation, hyperactivity, and aggres-
sive-disruptive behavior. The ITT analyses indicated improvements for students in the integrated condition on ratings of 
social competence compared to the control condition. The CACE analyses also indicated significant effects of the integrated 
intervention on social competence, as well as academic engagement and emotion regulation for students in high compliance 
classrooms. These findings illustrate the importance of considering variation in implementation within the context of RCTs.
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Introduction

Universal preventive interventions are widely used in 
schools with the goal of improving a variety of student aca-
demic and behavioral outcomes. Despite increased inter-
est and uptake in such preventive interventions, ensuring 
high fidelity of these interventions, particularly when used 
in real-world settings, remains a challenge (Domitrovich 
et al. 2008). Such implementation challenges are also often 
encountered in school-based research (e.g., see Durlak and 
Dupree 2008; Durlak et al. 2011; Fixsen et al. 2005). Yet 
the majority of published studies on school-based trials have 
employed an intent-to-treat (ITT) approach, whereby the 
researchers estimated the effect of an intervention based on 
assignment to intervention condition (Schochet et al. 2014), 
with an assumption of full implementation for the full sam-
ple of participants. Effects for non- or poor-implementers 
are often small or null, and thus the ITT estimates may 
understate the effects of the intervention when implemented 
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as intended (Stuart et al. 2008). Taking into consideration 
the common variation in implementation compliance can 
be accomplished through an alternative analysis called the 
complier-average causal effect (CACE; Jo 2002), which esti-
mates treatment effects accounting for variability in imple-
mentation fidelity (see Angrist et al. 1996; Little and Yau 
1998; Jo 2002; Stuart et al. 2008). More specifically, CACE 
has been used to estimate the effects of preventive inter-
ventions, while accounting for noncompliance, in several 
randomized studies including children and families (e.g., 
Barnard et al. 2003; Berg et al. 2017; Connell et al. 2007; 
Stanger et al. 2011).

The current study builds upon recent findings of a CACE 
study by Berg et al. (2017), which focused on a classroom-
based preventive intervention implemented by teachers 
called the PAX Good Behavior Game (PAX GBG; see Brad-
shaw et al. 2009; Ialongo et al. 1999; Ialongo et al. 2001; 
Kellam et al. 1998, 2008). This earlier study by Berg et al. 
reported significant impacts of the intervention on teach-
ers’ self-efficacy, however, the effects on burnout were less 
favorable in high compliance classrooms, when the PAX 
GBG program was integrated with a social-emotional learn-
ing curriculum called Promoting Alternative Thinking Strat-
egies (PATHS; Greenberg et al. 2011; Kusché et al. 2011). 
The current study leveraged the implementation compliance 
data from that same randomized controlled trial (RCT; see 
Berg et al. 2017) to estimate the impact of both the inte-
grated (i.e., PATHS to PAX) and PAX GBG only programs, 
with regard to student outcomes.

Estimating Compliance in School‑Based 
Program Implementation

Teachers are often the primary implementers of classroom-
based preventive interventions, yet the degree to which 
they implement the intervention often varies considerably 
(Domitrovich et al. 2008), which in turn attenuates program 
impacts (Durlak and Dupree 2008; Durlak et al. 2011). 
Implementation compliance is defined as “the discrepancy 
between what is planned and what is actually delivered when 
an intervention is conducted” (Domitrovich et al. 2008, p. 7, 
also see Chen 1998; Hulleman and Cordray 2009; O’Donnell 
2008). A common indicator of compliance of school-based 
interventions is program dosage, which includes the fre-
quency with which or time dedicated to program implemen-
tation, with the expectation that a higher dosage would be 
associated with better outcomes. The dosage of an interven-
tion is relatively straightforward in some manualized cur-
ricula or programs, where there are a set number of sessions 
to implement and an expectation that all are completed, but 
is more complex with an intervention like the PAX GBG 
where there are no predefined number of “sessions” to 

conduct. Such preventive interventions have been shown to 
vary in implementation dosage (e.g., see Domitrovich et al. 
2015) and thus intervention effects can be impacted. Yet 
relatively few studies have systematically assessed interven-
tion impacts under varying levels of implementation dosage 
compliance. Additional research is needed to examine the 
causal impact of teacher-led programs on student outcomes, 
while taking into consideration program implementation.

As noted earlier, Complier Average Causal Effect (CACE; 
Jo 2002) analysis is a causal inference analytic approach 
that estimates treatment effects, accounting for levels of 
implementation compliance. Although CACE analyses have 
been conducted in the context of preventive intervention tri-
als (e.g., Barnard et al. 2003; Connell et al. 2007; Stanger 
et al. 2011), there has been less focus on classroom-based 
preventive interventions implemented by teachers. In the 
current study, we used CACE to estimate the effects of the 
classroom-based, teacher-implemented interventions on stu-
dent outcomes while accounting for teachers’ compliance 
with intervention implementation, which we operational-
ized as dosage (Berg et al. 2017). We similarly applied the 
framework used by Angrist et al. (1996), which outlined 
a process for a two-arm trial with binary compliance in 
the potential outcomes framework (also see Frangakis and 
Rubin 2002; Holland 1986). They defined four compliance 
types based on individuals’ treatment assignment status 
(1 = treatment, 0 = control) and potential treatment receipt 
status (1 = received/participated, 0 = not received/not par-
ticipated). These groups are important because we assumed 
that the treatment and control groups were likely to have 
the same proportion of each compliance type because of 
the group randomization. Therefore, the difference between 
the treatment and control condition within each compliance 
type can be interpreted as a causal effect (Frangakis and 
Rubin 2002).

Research Support for the Current 
Interventions

As noted above, the current study tested two evidence-based 
elementary school prevention programs: the PAX version of 
the Good Behavior Game (PAX GBG; Embry et al. 2003) 
and Promoting Alternative Thinking Strategies (PATHS; 
Greenberg et al. 2011; Kusché et al. 2011). Specifically, a 
three-arm randomized controlled trial (RCT) design was 
used to compare the PAX GBG only and an integration of 
the PAX GBG and the PATHS program (Domitrovich et al. 
2010) to a control group. PAX GBG provides teachers with 
an efficient way to reinforce the inhibition of aggressive/dis-
ruptive and off-task behavior in a game-like context (Embry 
et al. 2003). Several large RCTs of GBG have demonstrated 
positive effects on student peer relations, aggressive/off-task 
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behavior, substance use, and academic outcomes (e.g., Brad-
shaw et al. 2009; Ialongo et al. 1999, 2001; Kellam et al. 
2008). In a complementary approach, the PATHS curricu-
lum trains teachers to promote the development of emo-
tional awareness and communication, self-regulation, social 
problem solving, and relationship management skills (e.g., 
interpersonal skills, conflict management) through didactic 
lessons that take place weekly across the school year (Green-
berg and Kusche 2006). Prior RCTs of PATHS have yielded 
positive effects on student social-emotional skills, peer rela-
tions, prosocial cognitive functioning, social competence, 
and behavioral adjustment (e.g., Conduct Disorder Problems 
Research Group 1999; Greenberg and Kusche 2006; Green-
berg et al. 1995).

Recent ITT findings from the current RCT on student 
outcomes provided some evidence that the integrated condi-
tion produced slightly more favorable effects for the PATHS 
to PAX condition relative to PAX GBG only (Ialongo et al. 
2019). Specifically, one main intervention effect emerged 
in these analyses, and that was for the integrated PATHS 
to PAX condition relative to controls on problem behavior; 
however, the effect size was small (i.e., Cohen’s d = 0.08). 
In addition, students in the PAX GBG only condition with 
elevated baseline problem behaviors experienced significant 
improvements relative to controls on problem behaviors. 
Similarly, students with the lowest baseline teacher–rated 
readiness to learn and social competence experienced the 
greatest growth in these outcomes following exposure to the 
integrated intervention relative to controls. These moder-
ated intervention effects are consistent with prior studies of 
GBG (Kellam et al. 1998) and a number of other universal 
prevention programs (e.g., Positive Behavioral Interventions 
and supports; PBIS, Bradshaw et al. 2015), suggesting that 
universal program effects are often more pronounced for 
children who were at-risk at baseline.

Although most prior research on PAX GBG and PATHS 
individually has focused on student outcomes, there is 
also growing interest in the impact of these and other such 
programs on teacher outcomes. For example, using an 
ITT approach on data from the current RCT, Domitrovich 
et al. (2016) indicated that teachers in the integrated con-
dition reported feeling more efficacious and feeling more 
personal accomplishment relative to control teachers after 
the intervention. As mentioned above, prior work by Berg 
et  al. (2017) using CACE analyses on these same data 
revealed similar but stronger program effects on personal 
accomplishment among teachers most likely to comply 
in both the PAX GBG and integrated intervention condi-
tions. Whereas the ITT analyses demonstrated no signifi-
cant differences between treatment and control in emotional 
exhaustion or depersonalization when accounting for imple-
mentation compliance, Berg et al. actually found elevated 
emotional exhaustion among higher (i.e., more compliant) 

implementers of the integrated program. Further, all effects 
were notably stronger among those meeting the high imple-
mentation cut point, with the exception of depersonalization. 
PATHS to PAX teachers, on average, had greater increases 
in efficacy as compared to the control condition. The effects 
for behavior management efficacy seemed to be concentrated 
among higher implementing teachers, whereas effects did 
not vary based on implementation level for social-emotional 
efficacy. Taken together, the findings of the Berg et al. study 
suggested that important variation in compliance was func-
tionally associated with teacher outcomes; this may also be 
true for student outcomes, which is the focus of the current 
study.

Current Study

To date, few studies have tested the impacts of either PAX 
GBG or PATHS on students when variation in teacher imple-
mentation is taken into consideration. Specifically, PAX 
GBG is largely a behavior management program focused 
on teaching and reinforcing inhibition, whereas PATHS is 
a social-emotional learning program aimed at fostering a 
broader set of skills related to self-awareness, self-manage-
ment, social awareness, relationship skills, and responsible 
decision-making. Thus, the integration of the two models 
may be particularly synergistic and address a broader range 
of skills children need to be successful at school and in life 
(Domitrovich et al. 2008). Prior research would suggest that 
higher compliance in implementing either model would 
likely result in more positive effects for students (Durlak 
and Dupree 2008). Toward that end, this study compared 
parallel ITT analyses to CACE analyses as a means for esti-
mating the impacts of the integrated version of the PAX 
Good Behavior Game and Promoting Alternative Thinking 
Strategies (i.e., PATHS to PAX), relative to PAX GBG only 
and a control, on student outcomes, as rated by teachers over 
one school year.

We leveraged prior CACE research by Berg et al. examin-
ing teacher intervention compliance at a medium and high 
dosage level in relation to teacher outcomes to estimate 
impacts on teacher ratings of student academic engage-
ment, social competence, peer relations, emotion regulation, 
hyperactivity, and aggressive-disruptive behavior, control-
ling for student demographics and baseline teacher ratings. 
In light of prior research on the GBG (Kellam et al. 1998, 
2014) suggesting that baseline risk moderated interven-
tion effects, we examined the outcomes for the higher-risk 
students. Thus, we selected a subset of students rated by 
teachers at baseline as demonstrating elevated aggressive 
disruptive behavior scores (i.e., top 33rd percentile) as the 
subsample of interest with whom to test parallel ITT and 
CACE effects for both interventions relative to control.
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Using data on this subsample of students, we examined 
CACE and focused on behavioral outcomes at the student 
level in the context of a nested design in which implemen-
tation compliance occurred at the classroom level. Further, 
we systematically explored classroom-level implementation 
variation (i.e., medium and high compliance) and directly 
compared the findings to those of a parallel ITT analysis, 
which did not account for compliance. A novel aspect of 
the study design was the planned contrast of the PAX GBG 
classroom management model when implemented alone to 
that of an integrated intervention, combining PAX GBG with 
the PATHS social-emotional learning program. We opera-
tionalized implementation compliance as the teachers’ use 
of the PAX GBG “games” in the classroom, using records 
of how many games they played throughout the school year 
and for how long they played each game. More specifically, 
compliance was defined as being above a cut point on both 
the number of games played and the total number of minutes 
of games played. Consistent with prior research suggesting 
a link between implementation dosage and stronger out-
comes (e.g., Durlak and Dupree 2008), we expected to find 
stronger effects for students in classrooms of intervention 
teachers who sufficiently complied with implementing at a 
high dosage. Based on our prior ITT findings (Domitrovich 
et al. 2016) and CACE analyses (Berg et al. 2017) regarding 
teacher and student outcomes (Ialongo et al. 2019), we also 
anticipated that student effects would be most pronounced 
in the integrated PATHS to PAX condition relative to both 
the control and PAX GBG only conditions.

Method

Sample

Teachers

As in the original study by Berg et al. (2017), we used 
data from the 27 elementary school RCT, which included 
350 K-5 teachers. Schools, and therefore teachers, were 
enrolled in three cohorts (i.e., for one year each, in three 
consecutive years) and teachers provided consent for their 
voluntary participation. The sample was generally evenly 
split across the three cohorts (31% cohort 1, 34% cohort 
2, and 35% cohort 3) and across the three conditions (25% 
PAX GBG, 29% PATHS to PAX, 37% control). The vast 
majority of the teacher sample was female (i.e., 88%). Less 
than half of the teachers were 30 years old or younger 
(41.4%) and taught grades 3 through 5 (44.1%). Just 
over half of the teachers had attained a graduate degree 
(56.4%). Due to missing data on the compliance measure, 
32 cases (19 in the integrated condition and 13 cases in 
the PAX GBG condition) were removed from all analy-
ses through listwise deletion, resulting in a total analysis 
sample size of 318 teachers. Importantly, there was no evi-
dence that missingness was systematically related to other 
variables of interest or study condition (see Ialongo et al. 
2019). See Table 1 for additional details on the sample as 
well as average scores on the key measures administered 
in this study.

Table 1.   Descriptive statistics 
for student and teacher 
participants

Full sample Control condition Integrated PATHS 
to PAX condition

PAX GBG 
only condi-
tion

Student characteristics in the at-risk subsample (n = 1526)
 Free/reduce-priced priced meals (%) 92.50 96.80 90.90 88.80
  Gender (%)
   Male 60.10 60.30 57.00 62.30
   Female 39.90 39.70 43.00 37.70

 Race/ethnicity (%)
  African American 93.70 96.20 93.90 90.60
  Hispanic 3.10 2.00 2.80 4.70
  White 2.90 1.80 2.80 4.30
  Asian 0.20 0.00 0.30 0.40
  Multiple 0.10 0.00 0.30 0.00

 Special education services (%) 13.40 15.20 16.00 9.70
Teacher characteristics (n = 350)
 Female (%) 88.7 88.3 90.2 88.0
 Taught grades 3–5 (%) 41.5 42.2 45.1 38.0
 Age ≤ 30 years (%) 38.7 32.8 39.0 45.4
 Has graduate degree (%) 52.8 50.0 52.4 56.5
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Students

Eligible participants included students enrolled in K-5 class-
rooms in each of the 27 participating schools at the begin-
ning of the school year. Across the three cohorts, there were 
a total of 7024 students enrolled in the participating schools 
during our baseline, or pre-test, period. Of the total eligible, 
we obtained written parent consent for 79.9% (N = 5611); 
7.1% refused participation and 12.9% did not respond to the 
consent request. Of the 5611 enrolled students, 50.4% were 
male, 89.6% were African American, and 86.5% received 
free and reduce-priced meals. The mean grade level was 
2.36. The demographic profiles of the study students were 
comparable to the overall school profiles in terms of gender, 
ethnicity and free and reduce-priced meals (FARMs; a proxy 
for family income); students in the schools were 50.81% 
male, 87.93% African American, and 85.96% FARMs 
eligible.

A subsample of the full RCT student sample was selected 
for inclusion in the current study based on baseline aggres-
sive-disruptive behavior ratings by their teachers. Specifi-
cally, we identified the subsample of high-risk students, 
defined as those having scores within the top 33rd per-
centile on the aggressive-disruptive behavior scale of the 
TOCA-R teacher rating (described below). As noted above, 
we selected this subsample based on prior research docu-
menting that the effects of universal programs, including 
the GBG, are often most salient among students with the 
highest level of aggressive behavior (Kellam et al. 1998, 
also see Bradshaw et al. 2015). This resulted in a subsample 
of 1526 high-risk students (60.6% male) who were included 
in the current study and were evenly distributed across the 
three conditions (34% PAX GBG only, 27% PATHS to PAX 
integrated, 39% control). The majority of students included 
in the analyses were African American (93.7% on average) 
and received free and reduce-priced meals (i.e., FARMs; 
92.5%). In addition, based on teacher report, approximately 
22% of the subsample of students were referred during that 
school year for special education assessment. See Table 1 for 
additional student demographics by condition.

Procedures

The 27 elementary schools were recruited and principals 
agreed to participate in a randomized controlled trial of two 
intervention models and to potentially receive one year of 
training and coaching for implementation. Teachers were 
actively consented each year, and then schools were rand-
omized (i.e., cluster randomized trial) to one of three con-
ditions: the PAX GBG only (9 schools), the integration of 
PAX GBG and PATHS [referred to as PATHS to PAX (P2P); 
9 schools], and a control condition (9 schools) where teach-
ers conducted their usual practice. Participating teachers 

and schools received a modest incentive for completion of 
each wave of data collection; intervention teachers received 
stipends for attendance at the training. Given the focus on a 
whole-school approach, principals also encouraged partici-
pation. Parents provided consent for the teachers to complete 
ratings of their child; students who returned a signed consent 
form, regardless of whether the parents agreed or did not 
agree to let this child participate, were eligible to participate 
in a class-wide pizza party. The Institutional Review Board 
provided approval of this study. For additional details on 
the training procedures and interventions, see Ialongo et al. 
(2019).

Measures

All student outcomes were assessed using a teacher-report 
measure administered twice, first in the fall as a baseline, 
and in the spring as an end of school year posttest.

Student Demographic Covariates

Baseline student gender, ethnicity (i.e., Black and Hispanic 
racial/ethnic groups, dummy coded), and student special 
education status were included in the regression models as 
covariates.

Student Outcomes

Teachers completed a checklist version of Teacher Obser-
vation of Classroom Adaptation-Revised (TOCA-R; Brad-
shaw and Kush 2019; Koth et al. 2009; Werthamer-Larsson 
et al. 1991). The TOCA-R required teachers to rate the 
child’s adaptation to classroom task demands over the last 
three weeks across six scales on a 6-point frequency scale 
(1 = never to 6 = almost always). The domains were: aca-
demic engagement (3 items; i.e., completed assignments, 
learned up to ability, and eager to learn; Cronbach’s alpha 
[α = .89]); social competence (8 items, e.g., resolves peer 
problems on his/her own, expresses feelings appropriately, 
and showed empathy and compassion for others’ feelings; 
α = .94), positive peer relations (3 items, i.e., liked by class-
mates, other children sought him/her out to play, and dis-
liked by classmates; α = .83), emotion regulation (4 items, 
e.g., controlled temper when there was a disagreement, 
could calm down when excited or all wound up, and coped 
well with disappointment or frustration; α = .88), inattention/ 
hyperactivity (6 items, e.g., paid attention, stays on task, and 
concentrated on class work; α = .87); and aggressive-disrup-
tive behavior (15 items, e.g., lied, started physical fights, 
stubborn, broke rules, hurt others physically, and yelled at 
others; α = .96). All items were scored such that a higher 
score indicated more of that construct, which required some 
individual items to be reverse scored. All outcome measures 
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were completed by teacher-report at two time points: fall 
baseline and spring posttest, at the end of the school year. 
Descriptive statistics of student demographics for each con-
dition are reported in Table 1. Table 2 presents descriptive 
information on baseline and posttest scores of outcomes by 
intervention condition. Several studies have documented 
the reliability, validity and psychometric properties of the 
TOCA-R and its various subscales (e.g., Bradshaw and Kush 
2019; Bradshaw et al. 2015; Ialongo et al. 2019; Koth et al. 
2009; Werthamer-Larsson et al. 1991).

Compliance

This paper focuses largely on examining compliance in 
relation to the student outcomes; therefore, we refer read-
ers to the original study by Berg et al. (2017) for additional 
details on the CACE modeling of teacher compliance. In 
both studies, compliance was assessed using intervention 
teachers’ weekly data logging the number of games they 
played and the number of minutes they spent on each game. 
The sum of each of the number of games and minutes played 
across the school year served as the total games and minutes 
played. There were no significant differences between the 
two conditions with respect to the number of games and 
minutes played, F (14), 0.08, p > 77 for games played; F 
(14), 0.46, p > .50 for minutes played; [for additional details, 
see Ialongo et al. (2019)].

The compliance needed to be dichotomous and thus a cut 
point needed to be set, but there was a trade-off when choos-
ing this value. For example, if the cut point was 200 games, 
the assumption would be that students in classrooms where 
the teacher led less than 200 games would not be affected 
by the intervention. However, setting the cut point too low 
would lead to greater variation in the degree to which com-
pliers implemented the program and would not capture a 
meaningful contrast in compliance levels. Moreover, with 
a higher cut point, the sample size among these complier 
outliers becomes small and implies a larger estimated 
CACE, in turn reducing the utility and interpretability of 
the CACE estimates. In addition, a higher cut point would 
consider a large proportion of teachers to be non-compliers, 
even though they did actually implement the program fairly 
regularly, albeit to a lesser degree than those at this very 
high level. As a result, when defining compliance, there 
was a trade-off when deciding where to set the cut point, 
so we operationalized compliance two ways: (1) using a 
medium compliance cut point for teachers who fell above 
the 50th percentile on both the number of games played and 
the minutes played (i.e., 138 games and 1145 min; n = 81 
total treatment teachers) and (2) a high compliance cut point 
for teachers who fell above the 75th percentile on both the 
number of games and minutes played (i.e., 214 games and 
2110 min; n = 29 total treatment teachers). This is consist-
ent with Berg et al. (2017), where additional details of the 

Table 2   Descriptive statistics 
for teacher-rated student 
outcomes by intervention 
condition (n = 1526)

Scales range from 1 = never to 6 = almost always

Full
Sub-sample

Control
condition

Integrated PATHS to 
PAX condition

PAX GBG only 
condition

Mean SD Mean SD Mean SD Mean SD

Academic engagement
 Baseline 3.61 1.13 3.66 1.13 3.60 1.12 3.55 1.13
 Posttest 3.67 1.23 3.62 1.18 3.82 1.29 3.63 1.23

Social competence
 Baseline 3.06 0.81 3.10 0.84 3.07 0.81 3.00 0.77
 Posttest 3.23 0.97 3.16 0.91 3.41 1.05 3.18 0.97

Peer relations
 Baseline 3.85 0.96 3.80 0.94 3.95 0.99 3.83 0.97
 Posttest 3.87 1.02 3.80 0.94 4.07 1.12 3.78 0.98

Hyperactivity
 Baseline 3.54 0.84 3.50 0.85 3.56 0.83 3.58 0.83
 Posttest 3.37 0.91 3.36 0.87 3.3 0.97 3.42 0.89

Emotion regulation
 Baseline 3.01 0.89 3.00 0.91 3.07 0.90 2.97 0.86
 Post test 3.15 1.07 3.07 0.98 3.31 1.16 3.12 1.08

Aggressive-disruptive
 Baseline 2.97 0.80 3.02 0.82 2.95 0.78 2.93 0.79
 Post test 3.02 1.00 3.06 0.98 2.94 1.03 3.03 1.00
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CACE estimation process, including the assumptions of 
CACE analyses are provided.

Data Analysis

Assumptions of CACE

Implementation behavior of each participating teacher can 
only be observed under the condition the teacher is assigned 
to; thus, CACE cannot be calculated directly comparing out-
comes under the treatment and under the control conditions. 
This is, in turn, the fundamental problem of causal inference 
(Holland 1986). As a result, it is important to consider a 
number of assumptions of the CACE analysis, which under 
certain conditions allow one to identify the causal effect 
at the average level. In particular, the set of conditions or 
assumptions outlined by Angrist et al. (1996) have been 
widely used in CACE analyses and are presented below.

A core assumption is ignorable treatment assignment, 
which provides the basis for causal inference as it guaran-
tees the comparability between treatment arms. In this study, 
this assumption was automatically satisfied because schools 
were randomized to conditions. A second assumption is the 
stable unit treatment value (SUTVA), which means that the 
potential outcome of each individual is not affected by the 
treatment assignment status of other individuals. This is 
a questionable assumption within school settings because 
teachers in the same school are highly likely to interact with 
one another; however, this concern was minimized in the 
current trial, as we employed cluster randomization, where 
the school was the unit of randomization. Previous stud-
ies suggested that by employing cluster randomized trials, 
interaction or contamination among individuals becomes a 
more manageable problem (Jo et al. 2008a, b; Sobel 2006). 
Although we cannot prevent interactions among teachers 
across schools in different intervention arms, the likelihood 
remains about the same as that observed when no nesting 
exists. A third assumption is monotonicity, which assumes 
that there are no defiers (i.e., those who do not implement 
if assigned to the treatment group and do implement if 
assigned to the control group). This is a reasonable assump-
tion for the control condition, because teachers in the control 
group did not have access to the intervention. CACE also 
assumes that there are at least some compliers, meaning that 
the offer of the intervention induces at least some teachers 
to implement. This was a reasonable assumption in the cur-
rent study, particularly given the ongoing coaching provided. 
Finally, the exclusion restriction assumes that always-takers 
and never-takers in the control group will not have students 
who benefit from the program and therefore the distribu-
tion of outcomes is the same in the treatment and control 
groups for these two types. Always-takers are those teachers 
who would always implement the treatment, and never-taker 

teachers are those who would never implement, regardless of 
treatment assignment. In our context, this meant that there 
were no effects of assignment for students in classrooms led 
by never-takers. Since teachers, and thus their students, in 
the control group did not have access to the intervention, the 
stratum of always-takers did not apply to our study.

A nuance of the application of CACE to the current study 
is that we were estimating the impacts of a school-based 
intervention delivered by classroom teachers. Therefore, 
compliance was operationalized at the classroom level, 
whereas the effects of interest were experienced by students 
nested within classrooms (i.e., a multilevel framework). Fur-
ther, the compliers were those teachers who delivered the 
treatment (i.e., implemented) when assigned to the treatment 
group and did not deliver the intervention when assigned 
to the control condition. In an ITT analysis, the effect of 
treatment assignment is the same as the effect of full par-
ticipation for the compliers. Similar to Angrist et al. (1996), 
our primary interest in this study was the causal treatment 
effect for those students in the compliers’ classrooms (i.e., 
complier-average causal effect; CACE). This focus on imple-
mentation within a nested design, coupled with the use of a 
continuous compliance indicator for which we set a thresh-
old of high and medium compliance, rather than traditionally 
categorizing compliant vs. non-compliant, together make 
this application of CACE particularly unique.

Given our simplified setting with only compliers and 
never-takers, we use non-compliers to refer to never-takers. 
The assumption of the exclusion restriction may need to be 
relaxed in school-based interventions where compliance, 
or dosage in this case, is measured across a continuum, as 
opposed to being determined dichotomously (i.e., compliant 
vs. non-compliant). The cut point for determining “compli-
ance” has implications as aforementioned, as any cut point 
above zero games, as is the goal here, would include teach-
ers in the non-compliers group even if they implemented 
some games. Thus, the assumption that there would be no 
impact on students in classrooms defined as having never-
taker teachers is harder to meet when selecting a non-zero 
dosage cut point.

Estimation of CACE

As reported by Berg et al. (2017), the CACE models were 
estimated separately in Mplus for each of the treatment con-
ditions relative to control (i.e., PATHS to PAX integrated v. 
control and PAX GBG only vs. control). Linear regression 
models for each of the outcomes with baseline scores as 
covariates were conducted. Other control variables included 
student gender, referral for special education, and dummy-
coded variables for Black and Hispanic racial/ethnic group. 
CACE was defined as the effect of intervention assignment 
for compliers on the posttest score of each outcome. As in 
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Berg et al., compliance with the treatment was defined in 
the current study using two different cut points (50th and 
75th percentile of dosage), as a sensitivity analysis for both 
the cut point and the potential deviation from the exclusion 
restriction. Specifically, the CACE models were identified in 
two different ways. First, we assumed the exclusion restric-
tion. In this model, the student-level outcome was regressed 
on treatment assignment in the complier class but not in the 
non-complier class and we were assuming that non-com-
pliers were not affected by treatment assignment. However, 
this assumption might have been violated in our trial. Given 
these possibilities of deviation from the exclusion restric-
tion, we additionally conducted CACE estimation assum-
ing that the intervention effects were additive (see Jo et al. 
2008a, b; Jo et al. 2008a, b). In the model with the additive 
treatment effect assumption (i.e., instead of the exclusion 
restriction), the outcome was regressed on intervention in 
both the complier and non-complier classes.

As noted earlier, missing data on the compliance measure 
caused 32 cases (19 in the integrated condition and 13 cases 
in the PAX GBG condition) to drop out through listwise 
deletion, resulting in a total sample size of 318 teachers 
across three arms of the study. An additional set of 34 teach-
ers was excluded in the analysis phase since we restricted the 
student sample to the top 33 percentile on the aggressive-
disruptive behavior and due to missing data on the student 
covariates. Specifically, in the models comparing the inte-
grated condition to the control condition (i.e., excluding the 
PAX GBG teachers), 25 teachers were dropped, resulting in 
a sample size of 185 teachers (i.e., out of an expected 229 
teachers without missing data). In the models comparing the 
PAX GBG condition to the control condition, 34 teachers 
were dropped, resulting in a total sample size of 202 (i.e., 
out of the full sample of 249 teachers without missing data). 
In principle, we could incorporate all cases including the 
ones with incomplete information. However, we employed 
listwise deletion, given that there is little research providing 
guidelines for handling the simultaneous complications of 
noncompliance, clustering, and missing data. In this study, 
we focused on the handling of noncompliance and cluster-
ing, and ignored biases introduced by dropping teachers with 
missing data, which is a limitation of the study. We used 
maximum likelihood (ML) estimation with the expectation 
maximization (EM) algorithm (Little and Rubin 2002) for 
CACE estimation, which incorporated the mixture modeling 
feature in Mplus. In this framework, compliance status was 
defined by a dichotomous latent variable, with one class 
referring to the compliers and the other class referring to 
the non-compliers. Given our simplified setting where there 
are only compliers and never-takers or non-compliers, the 
compliance class membership was completely observed in 
the treatment group whereas it was completely unobserved 
in the control group. The unknown compliance type of 

individuals in the control condition was handled as missing 
data via the EM algorithm.

In principle, between-school and within-school level 
parameters can be formally modeled taking into account 
compliance in the context of cluster-randomized trials (i.e., 
multilevel modeling). However, in practice, the number of 
clusters is often small, as it is in our study with 9 schools 
per condition. Fairly large numbers of clusters (preferably 
50 or more) are necessary to yield accurate CACE estimates 
when taking a formal multilevel approach to account for 
nesting of teachers within school (Jo et al. 2008a, b). There-
fore, to accommodate the nested data structure, we used the 
sandwich estimator in conjunction with the ML-EM mix-
ture (TYPE = COMPLEX MIXTURE) to adjust the stand-
ard errors for the clustering of students within teachers. For 
the interpretation of the magnitude of the treatment effects 
across different models, the change in R2 was calculated by 
comparing the model with the treatment variable and other 
covariates to the control-only model. In order to interpret 
the magnitude of effects across the different models, effect 
sizes (ES) were calculated by dividing the outcome differ-
ence across the two conditions by the square root of the total 
variance obtained from a fully unconditional model.

To facilitate a direct contrast between the CACE effects 
with ITT analyses, we fit identical two-class latent mod-
els across the two sets of results, which included identical 
covariates [i.e., baseline TOCA-R scores for the related 
scale, student gender, student special education status, and 
the students’ race (dummy coded for Black and Hispanic)]. 
Separate models were conducted for each of the six student 
outcomes (i.e., academic engagement, social competence, 
positive peer relations, emotion regulation, inattention/
hyperactivity; and aggressive-disruptive behavior) with 
intervention status modeled as a predictor across both the 
ITT and CACE analyses. Below, we report the results first 
for the ITT and then the CACE, with both medium and high 
levels of compliance, and with and without exclusion restric-
tion assumptions for each of the six teacher-rated outcomes.

Results

ITT Estimates

We first sought to determine the effects of the intervention 
using a typical ITT analysis approach; these results are pre-
sented in Table 3. On average, the ITT results indicated that 
the students in the integrated condition were rated as dis-
playing higher levels of social competence (b = 0.21, p < .05, 
effect size [ES] = .01) than students in the control condition, 
thereby suggesting a positive but small impact of the inter-
vention for high-risk students on this outcome. None of the 
other ITT effects were statistically significant. In addition, 
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the effect sizes were less than .01 for all other outcomes for 
both comparisons (PATHS to PAX vs. control; and PAX 
GBG only vs. control).

CACE Estimates

Table 3 presents the findings for CACE analyses with the 
covariates of baseline scores, student gender, referral for 
special education, and dummy-coded variables for Black 
and Hispanic racial/ethnic groups among students whose 
teachers practiced a medium level of compliance. We also 
show results with the exclusion restriction (ER) assumption 
and without the ER assumption.

We found statistically significant effects on students’ 
social competence for teachers who had a medium level of 
compliance with the treatment. Assuming the ER, students 
exposed to the integrated intervention were significantly 
more likely to be rated as having higher social competence 
than those in the control group (b = .37, p < .05, ES = 0.01). 
About 7% of variation in the outcome can be attributed to the 
treatment effect. Without the ER, teachers rated students in 
the integrated condition reported a 0.41 unit (on the 6-point 
scale) higher level of social competence than control group 
students, after controlling for prior social competence and 
demographic variables. We did not find any significant dif-
ferences on the other outcomes between students exposed 
to the integrated and control conditions. Moreover, the only 
significant difference between PAX GBG only students and 
control students was for aggressive-disruptive behavior 
using the medium compliance level in classrooms of non-
compliers when estimating without the exclusion restriction 
criterion. Specifically, the students in the PAX GBG only 
condition who were also in classrooms of non-compliers 
actually had worse levels of aggressive-disruptive behavior 
at posttest relative to controls (see Table 3).

As shown in CACE results in Table 4, significant effects 
of the integrated intervention were observed on students’ 
academic engagement, social competence, and emotion 
regulation outcomes for students whose teachers demon-
strated high compliance with treatment assignment. With 
the ER assumption, students receiving the integrated inter-
vention were rated as displaying higher levels of academic 
engagement (b = .89, p < .05, ES = 0.06) and social compe-
tence (b = .62, p < .01, ES = 0.17) than students in control 
condition. After controlling for baseline scores and student 
demographics, 6% and 17% of variation in academic engage-
ment and social competence, respectively, was explained 
by treatment effects. For models without the ER, teachers 
reported higher levels of student academic engagement 
(b = .78, p < .05; ES = .04), social competence (b = .29, 
p < .01; ES = .28), and emotion regulation (b = .25, p < .05; 
ES = .02) for those receiving the integrated interventions, as 
compared to the control condition students. Like the medium 

compliance group, we did not find significant effects of PAX 
GBG only intervention on any of the outcomes. In addition, 
there were no significant associations found for the students 
whose teachers were in the non-complier group.

Discussion

Given the increasing concerns regarding variation in imple-
mentation fidelity of school-based and other preventive 
interventions (Domitrovich et al. 2008), researchers need a 
range of methodological approaches that account for these 
issues when estimating intervention effects. CACE appears 
to be a promising approach for assessing impact in preven-
tion RCTs, as it enables the inclusion of fidelity (i.e., compli-
ance) when determining program effects. Toward that end, 
the primary goal of the current study was to extend our prior 
work on teacher outcomes by examining the impacts of the 
PAX GBG universal, behavioral management model, both 
in isolation and when integrated with the PATHS social-
emotional learning curriculum, on a range of student out-
comes for students with high levels of baseline aggressive-
disruptive behavior.

We leveraged prior findings from a CACE study on 
teacher outcomes (Berg et al. 2017), which served as an 
initial application of this method for estimating impacts on 
teacher outcomes in this RCT. Other novel aspects of this 
application of CACE include the consideration of interven-
tion compliance, defined here as implementation dosage at 
the classroom level. Similarly, we were sensitive to mul-
tiple levels of compliance (i.e., medium and high), given 
that dosage, used to assess compliance, was collected as a 
continuous variable (i.e., amount of game use) rather than 
dichotomous (compliant vs. non-compliant).

With regard to our primary findings, we first conducted 
ITT analyses with the same sample of high-risk students 
and with the same set of covariates in order to contrast the 
CACE findings accordingly. The ITT results suggested one 
promising effect for the integrated program, over the PAX 
GBG only, when compliance was not taken into considera-
tion; specifically, the ITT analyses indicated a significant 
effect of the integrated PATHS to PAX condition on social 
competence relative to controls for students with elevated 
behavioral risk. While favorable, and largely consistent with 
some other ITT findings from this RCT on the full sample 
of students, the CACE findings do not signal as consist-
ent or broad-reaching an impact of either the integrated or 
the PAX GBG only programs relative to controls, as when 
compliance is not accounted for. However, when conducting 
the CACE analyses, we found a number of other significant 
effects generally favoring the integrated PATHS to PAX 
intervention, particularly for students of high compliance 
teachers. More specifically, the CACE results indicated that 
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the students with elevated aggressive-disruptive behavior 
who received the integrated intervention when implemented 
with high teacher compliance tended to demonstrate stronger 
effects for social competence relative to the ITT results. 
Moreover, two other significant effects emerged: academic 
engagement and emotion regulation. Interestingly, students 
in the medium compliance integrated group only demon-
strated better social competence relative to controls, as 
was also demonstrated in the ITT analysis. Nevertheless, 
the effect sizes were all fairly small (i.e., .05 or less), with 
the exception of social competence which was moderate 
(i.e., > .20). It is notable that this was the only significant 
finding in the ITT analysis and may suggest that moder-
ate effects are needed among high implementers in order to 
demonstrate main ITT effects. This finding may also sug-
gest that the “medium” implementation dosage within this 
sample was not sufficient to positively impact students and 
that the “high” implementation is the minimum needed for 
small, but consistent, student outcomes within a one-year 
time frame.

Together, these findings suggest that, taking compli-
ance into consideration, we were able to identify significant 
and favorable effects of the integrated program. This pattern 
of findings isolated a potential cut point for implementa-
tion dosage of PAX GBG that may be adequate for produc-
ing effects for students (i.e., high implementation, which 
was approximately 214 games played and 2110 min). On 
the other hand, the effects were still relatively modest and 
localized to the integrated program as compared to the PAX 
GBG only. It appears that integrated programs addressing 
social, emotional, and behavioral outcomes may yield more 
favorable and far-reaching student outcomes than narrower 
programs only focused on one area (e.g., behavior; see 
Ialongo et al. 2019).

It is also important to note that no iatrogenic effects of 
the program were observed in the current study, except for 
aggressive-disruptive behavior among the non-compliers for 
the PAX GBG only condition, in the model without ER. 
This finding suggests that in order to improve aggressive-
disruptive behavior, teachers may need to ensure high com-
pliance, particularly when implementing the PAX GBG 
only, as low dosage implementation may actually exacerbate 
the students’ aggressive-disruptive behaviors. In contrast, 
prior findings reported by Berg et al. (2017) suggested that 
teachers who were highly compliant in the integrated condi-
tion actually experienced elevated levels of burnout and/or 
emotional exhaustion. Although the teacher CACE analysis 
outcomes suggested that implementing more program con-
tent may have placed additional burden on, and thus burnout 
for teachers, the current pattern of student results did not 
suggest that any such negative effects emerged for their these 
students under any of the conditions tested, or for any of the 
outcomes. This could suggest either that burnout did not 

translate into an increase in negative teacher perceptions or 
that negative perceptions did not impact the students within 
the time period assessed.

Limitations and Future Directions

The sample size of classrooms was relatively small, and 
thus became even smaller when split into implementation 
conditions and compliance groups. Estimation of program 
impacts using the high implementation cut point yielded an 
especially small sample size and thus may have resulted in 
unstable estimates. In addition, despite the fact that schools 
and not teachers were randomized, the small sample of 
schools in each condition prevented us from employing a 
multilevel modeling approach to account for the clustering 
within schools. The sample was also reduced somewhat due 
to missing data at either the student or teacher level; due to 
the complexity of the analyses, multiple imputation was not 
feasible. The multilevel mixture modeling using the EM esti-
mation approach is computationally demanding, particularly 
when the number of clusters is small (Jo et al. 2008a, b); 
therefore, we were not able to accommodate the clustering 
of teachers in schools. Consistent with findings from prior 
studies of GBG (e.g., Kellam et al. 1998), we focused our 
analyses on the at-risk subsample of students who at baseline 
were at elevated risk on aggressive-disruptive behavior.

Our interpretation of findings is also limited by our indi-
cator of implementation, which unlike prior CACE applica-
tions did not allow for the definition of “full implementa-
tion” using a theoretically-driven cutpoint of dosage (e.g., 
Stuart et al. 2008) or a clear binary indicator (e.g., Connell 
et al. 2007; Cowen 2008). While the primary focus of this 
and the Berg et al. (2017) studies was outcomes for stu-
dents and teachers, respectively, both also served to define 
cut points on a continuum of medium to high dosage based 
on their associations with outcomes and may be a useful 
guide for approximating high dosage in future studies of 
GBG. A potential limitation of the current study was that 
we focused only on one type of compliance, which was dos-
age, as our prior research suggested relatively limited vari-
ability in implementation quality, particularly in contrast to 
the level of variability in the dosage indicator (Domitrovich 
et al. 2015). Specifically, there appears to be a bit of a ceil-
ing effect on the implementation quality rating (as assessed 
by trained observers); thus, there was too little variability 
in the quality indicator to yield a meaningful contrast in 
compliance levels.

In addition, CACE estimation relies on a set of assump-
tions, which were largely met in this study. On the other 
hand, our models assumed additive effects of dosage, which 
relaxed the exclusion restriction and therefore were more 
likely to suffer from a violation of normality. To address 



984	 Administration and Policy in Mental Health and Mental Health Services Research (2020) 47:972–986

1 3

these possible violations, we conducted the CACE estima-
tion with two different cut points and with and without the 
assumption of the ER (Jo 2002) as a form of sensitivity 
analyses. These analyses provided greater support for our 
findings, which were generally consistent across outcomes, 
but also resulted in a large number of statistical tests con-
ducted. Finally, we assessed the student outcomes through 
teacher report on the TOCA-R; as such the same teachers 
who implemented the intervention also delivered the inter-
vention, and thus were aware of their own intervention sta-
tus. This source of shared measurement may have influenced 
their ratings on the TOCA-R (Pas and Bradshaw 2014).

With regard to future research directions, one might 
explore potential factors that predict teachers’ compliance 
with implementation. Prior research on these data identi-
fied that initial impressions of the game and its fit with the 
needs of the classroom (see Domitrovich et al. 2015), teacher 
emotional exhaustion, and the level of student aggressive 
behavior in the classroom were associated with implemen-
tation levels (Musci et al. 2019). Additional research is 
needed to better understand if these or other variables (such 
as years of experience teaching, proportion of students with 
high need in their classroom, teacher efficacy, or school cli-
mate) predict compliance or are related to implementation 
of preventive interventions more generally (see Domitrovich 
et al. 2008). Such analyses could also explore the extent to 
which these predictors of compliance varied by intervention 
condition.

Conclusions and Implications

Keeping in mind the limitations outlined above, the find-
ings generally demonstrated some promise that when 
implemented with high dosage, the PATHS to PAX pro-
gram results in positive outcomes for students at elevated 
behavioral risk, relative to controls. The effects were less 
salient for the PAX GBG only model; this was true in both 
the ITT and CACE analyses. Yet it appears that compliance 
(i.e., dosage) mattered, such that more consistent student 
effects were detected for students who received high dosage 
of the GBG within the integrated model; generally speaking, 
this was not the case for the PAX GBG only program. This 
study has implications for preventive intervention research, 
as it provides further evidence of the importance of con-
sidering implementation compliance when estimating pro-
gram effects, even in the context of efficacy studies. It also 
establishes some benchmarks for adequate fidelity within 
the PAX GBG literature and has implications for the value 
of integrated prevention approaches that target multiple stu-
dent skills.

There are also important implications of this work for 
school administrators, as they play a critical role in setting 

expectations for teachers’ high compliance with implemen-
tation (Domitrovich et al. 2008). Moreover, policies should 
also reflect a stronger attention not just to the adoption of 
evidence-based practices, but also specify expectations 
for high compliance. Additional supports and funding are 
needed to encourage deeper investment in implementation 
supports at the school and classroom levels, including a 
strong commitment to providing coaching, on-going profes-
sional development, monitoring for compliance, and incen-
tives for high fidelity implementation. Such investments are 
critical to ensuring that the intended outcomes of prevention 
programs are realized through high fidelity implementation.
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