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Abstract Social and emotional learning programs are designed
to improve the quality of social interactions in schools and
classrooms in order to positively affect students’ social, emo-
tional, and academic development. The statistical power of
group randomized trials to detect effects of social and emotional
learning programs and other preventive interventions on setting-
level outcomes is influenced by the reliability of the outcome
measure. In this paper, we apply generalizability theory to an
observational measure of the quality of classroom interactions
that is an outcome in a study of the efficacy of a social
and emotional learning program called The Recognizing,
Understanding, Labeling, Expressing, and Regulating emotions
Approach. We estimate multiple sources of error variance in the
setting-level outcome and identify observation procedures to use
in the efficacy study that most efficiently reduce these sources of
error. We then discuss the implications of using different obser-
vation procedures on both the statistical power and themonetary
costs of conducting the efficacy study.

Keywords Generalizability theory . Setting-level
outcomes . Interventions . Social and emotional learning

Among the persistent problems facing US schools are bul-
lying, school violence, expulsions, dropout, and student
disengagement. School-based programming, such as univer-
sal social and emotional learning programs, have been de-
veloped and implemented to reduce these problems and
promote positive youth outcomes by improving the quality
of students’ experiences in school (Greenberg et al. 2003).
Social and emotional learning programs typically involve
school-wide activities to create more supportive classroom
and school settings, as well as classroom activities that
enhance children’s abilities to recognize and manage emo-
tions, solve problems, appreciate others’ perspectives, and
develop interpersonal skills (Zins et al. 2004). Recent stud-
ies find that social and emotional learning programs have
positive effects on the quality of interactions between teach-
ers and students in classroom settings (Brown et al. 2010)
and on student achievement (Durlak et al. 2011).

Group randomized trials involving random assignment of
settings (e.g., schools, neighborhoods) to intervention and
comparison conditions are commonly used in prevention
research to estimate the effects of setting-level interventions
on setting-level and individual-level outcomes (Bloom
2005; Murray 1998). Within this framework, setting-level
measures are hypothesized to be outcomes that are directly
affected by the intervention and mediators through which
the intervention produces effects on individuals within set-
tings. The statistical power of a group randomized trial to
detect an intervention’s direct effects on social settings and
indirect effects on individuals within the settings depends, in
part, upon the reliability of the setting-level measure
(Raudenbush and Sadoff 2008). Generalizability theory pro-
vides a statistical framework to estimate multiple sources of
error variance present in setting-level measures and to use
these variance estimates to make decisions about how to
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collect data in ways that reduce error, improve the reliability
of the measure, and increase the statistical power of a group
randomized trial.

The purpose of this paper is to demonstrate the applica-
tion of generalizability theory to an observational measure
of the quality of interactions in classrooms that serves as a
setting-level outcome in an efficacy study of The
Recognizing, Understanding, Labeling, Expressing, and
Regulating emotions (RULER) Approach (Rivers and
Brackett 2011). Specifically, we estimate multiple sources
of variance in the Classroom Assessment Scoring System
(CLASS; Pianta et al. 2008), a measure of the quality of
teacher–student interactions. We then use these variance
estimates to make decisions about data collection proce-
dures in the subsequent efficacy study that reduce the sour-
ces of error and improve the measure’s reliability. Finally,
we illustrate the consequences of these decisions on the
statistical power of the study to detect the effects of
RULER on improving classroom interactions and on the
monetary costs of conducting the study.

Reliability of Setting-Level Outcome Measures

The effects of setting-level preventive interventions on indi-
viduals are achieved through a series of mediating core
elements, central to which is improving the qualities of
social settings (e.g., Judd and Kenny 1981; MacKinnon
1994; Snyder et al. 2006). In the case of RULER, teachers
participate in professional development training to imple-
ment a yearlong curriculum involving weekly lessons that
give students opportunities for practicing and honing the
skills of emotional literacy in five key areas—recognizing,
understanding, labeling, expressing, and regulating emotion
(Rivers and Brackett 2011). These lessons are hypothesized
to improve the classroom milieu and the ways that teachers
and students interact with one another. The improved class-
room context, in turn, is hypothesized to improve student
outcomes (i.e., academic and social competence, emotional
literacy). Thus, in a test of the efficacy of RULER, a mea-
sure of the quality of classroom interactions serves as the
setting-level outcome and the proposed mediator through
which the program impacts student outcomes.

The reliability of the measure of the quality of classroom
interactions influences the statistical power of a group ran-
domized trial to test the effects of RULER in the following
way (Raudenbush and Sadoff 2008). As reliability of the
measure decreases, the standard error of the mean for the
measure of the quality of interactions in RULER and control
classrooms increases. As a result of the decreased precision of
the estimated mean for each study condition, there is an
increased likelihood of making a type II error and falsely
concluding that there is not a statistically significant difference

in the quality of classroom interactions between the RULER
and control classrooms. A consequence of the potentially false
conclusion that RULER does not directly impact the quality of
classroom interactions is that this measure cannot serve as a
potential mediator that explains the mechanisms through
which RULER ultimately influences student outcomes.
Therefore, when conducting group randomized trials to eval-
uate the efficacy of setting-level interventions, understanding
sources of error in the setting-level outcome measure and
adopting data collection procedures that reduce these sources
of error can improve the reliability of the measure, thereby
increasing the precision of the estimates of the intervention’s
direct effects on settings and mediated effects on individuals.

There are a number of methods (e.g., interviews, observa-
tion) that can be used to assess setting-level outcomes, and in
selecting measures for a group randomized trial, consideration
must be given to the tradeoffs between validity, reliability, and
affordability (Snyder et al. 2006). Observation is an appealing
method because it is naturalistic and authentic. However, there
are a number of sources of error that may be present in an
observed score attributable to characteristics of the rater, stable
and temporary characteristics of the setting, and characteristics
of the interchanges between individuals and the setting
(Cairns and Green 1979). Traditional approaches for evaluat-
ing the reliability of setting-level measures come from classi-
cal test theory that considers one of these potential sources of
error variance at a time. For example, indices of inter-rater
reliability, such as kappas and intraclass correlations, assess
the magnitude of rater error and test–retest reliability statistics
evaluate the stability of scores over time. However, observa-
tional measures of social settings comprise multiple sources of
error variance, as well as potential interactions between some
sources of error variance (Cairns and Green 1979; Cronbach et
al. 1972).

Generalizability theory, introduced by Cronbach et al.
(1972), is a statistical framework for simultaneously esti-
mating the multiple sources of variance present in an ob-
served score. Generalizability theory was originally applied
to evaluate and improve the reliability of person-level meas-
ures, such as achievement tests and performance-based
assessments (Cronbach et al. 1972). It has since been used
to understand sources of variance and improve the reliability
of observational assessments of individuals’ behaviors (e.g.,
Hintze 2005; Marcoulides 1989; Suen and Ary 1989) and
assessments of the qualities of classroom settings (e.g.,
Erlich and Borich 1979; Meyer et al. 2011). Application of
generalizability theory occurs in two stages (e.g., Shavelson
and Webb 1991; Suen 1990). First, a generalizability study
is conducted to obtain data and estimate sources of observed
score variance, including variance attributed to the object of
measurement and variance attributed to multiple sources
independent of the object of measurement that are consid-
ered sources of error in the measure. These variance
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components are applied in the second stage, the decision
study, to estimate generalizability coefficients—an index of
reliability—for the measure using the procedures adopted in
generalizability study and under a hypothetical set of pro-
cedures. For example, results of the decision study can be
used to compare generalizability coefficients for a measure
using different data collection procedures (e.g., number of
occasions, number of raters), which can inform subsequent
decisions about collecting data in ways that most efficiently
reduce error.

In the efficacy study of RULER, the quality of classroom
interactions are assessed using the CLASS (Pianta et al.
2008), an observational measure of the quality of emotional
support, classroom organization, and instructional support.
Data collection procedures for the CLASS in the efficacy
study of RULER involve rating the quality of classroom
interactions on multiple occasions within a day, for multiple
days within each classroom, and by multiple raters of each
occasion. The resulting observed score that is intended to
represent the quality of classroom interactions has a com-
plex variance structure comprising multiple sources of var-
iability related to classrooms, days within classrooms,
occasions within days, raters, as well as some interactions
between these variances.

Specifically, classroom quality is the object of measure-
ment with the CLASS, and the variability between class-
rooms represents universe score variance σ2

c

� �
, which

reflects the construct that the measure is intended to assess.
There are additional sources of variance that are indepen-
dent of the universe score that represent error in the mea-
surement of classroom quality. For example, we assume
each day that a classroom was observed is a unique occur-
rence to that classroom; therefore, days are nested within
classrooms and variability across days within classrooms

σ2
d:c

� �
is a source of error in the measurement of the class-

room. Similarly, observations collected multiple times with-
in a day are unique occurrences to that given day and
classroom. Thus, occasions are nested within days and
classrooms, and the variability across each occasion σ2

o:d:c

� �
represents an additional source of error variance in the
measurement of the quality of the classroom. There may
also be error variability attributed to raters σ2

r

� �
, whereby

some raters are more lenient than others and assign scores
that are higher, on average, than those scores of more harsh
raters.

In addition to variance components associated with the
main effects of classroom, day within classroom, occasion
within day within classroom, and rater, there are interactions
among the crossed, non-nested, sources of variance. For ex-
ample, between-rater variability may be more pronounced in
some classrooms (σ2

cr, classroom-by-rater interaction), on some

days within classrooms (σ2
rðd:cÞ , rater-by-day interaction), and

on some occasions within days within classrooms (σ2
rðo:d:cÞ ,

rater-by-occasion interaction). Table 1 describes the theoretical
sources of variance that are present in observational ratings
using the CLASS for this generalizability study design.

Conducting the Generalizability Study

To test the effects of RULER on the quality of teacher–
student interactions and students’ academic and social com-
petence and emotional literacy skills, a multisite group
randomized trial was conducted within one school district
in Brooklyn and Queens, New York. Sixty-four schools
volunteered to participate and were randomly assigned to
the RULER or control group (32 schools per condition).
Prior to the initiation of the group randomized trial (i.e., at
baseline, prior to randomization), videotaped observations
of fifth and sixth grade classrooms within these schools
were collected and rated using the CLASS. These ratings
served as the baseline assessment of the quality of classroom
interactions for the efficacy study, and they were used for
the generalizability study to generate estimates of sources of
variance in measures of emotional support, classroom orga-
nization, and instructional support. The next subsections
describe the procedures, measure, analysis, and results from
the generalizability study.

Table 1 Theoretical sources of variance in observational ratings using
the CLASS

Source of
variability

Variance Definition

Classroom σ2
c The universe score variance that reflects

average differences across classrooms in
ratings of the quality of interactions.

Rater σ2
r Variance that arises because ratings of the

quality of interactions vary on average
across raters.

Day σ2
d:c Variance that arises because ratings of the

quality of interactions vary on average
from day-to-day within a classroom.

Occasion σ2
o:c:d Variance that arises because ratings of the

quality of interactions vary on average
from one occasion to the next within a day.

Classroom×
rater

σcr Variance that arises because the between-
classroom difference in ratings of the
quality of interactions varies from rater-
to-rater.

Rater×day σ2
rðd:cÞ Variance that arises because the between-

rater difference in ratings of the quality
of interactions varies from day-to-day.

Rater×occasion σ2
rðo:c:dÞ Variance that arises because the between-

rater difference in ratings of the quality
of interactions varies from one occasion
to the next within a day.
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Procedures

Principals attending a regularly scheduled meeting with the
district superintendent volunteered their fifth and sixth grade
English language arts classrooms to participate in the group
randomized trial (94 % of the principals volunteered).
School sizes ranged from 178 to 656 students (M=325.9,
SD=97.1), with a student-to-teacher ratio ranging from 11.0
to 25.1 to 1 (M=24.5, SD=3.74). Across schools, between 5
and 100 % of students were minorities (M=67 %, SD=32 %)
and between 0 and 95 % received free/reduced lunch
(M=23 %, SD=32 %). On average, the fifth and sixth grade
teachers had taught for 14.4 years and had worked at their
current school for 10.7 years. Forty percent of teachers had
worked toward or completed a master’s degree, 36 % had
earned BAs, and 24 % did not specify. Schools had between
two and four fifth and sixth grade English language arts class-
rooms (M=2.67, SD=0.84).

Across all participating schools, there were 170 fifth or
sixth grade English language arts classrooms of which 155
were eligible to participate (some teachers taught three or
more English language arts classes and, to reduce their bur-
den, they were asked to provide data on two of their class-
rooms, one randomly selected from each grade level). Of
those 155 eligible classrooms, 96 provided videotapes (62 %
response rate) for the baseline assessments. There were no
statistically significant demographic differences between
teachers who returned videotapes and those who did not, but
teachers who returned videotapes were more likely to be from
schools with a lower percentage of English language learners
(p<0.05). Each videotape included a recording of a 30-min
lesson involving the same teacher and students on a single
day. Research assistants converted each videotaped lesson into
two separate 15-min occasions, which represented either the
first or the second half of the class period. Nearly every
occasion was 15 min in length (M=14.8 min), although rare,
shorter occasions were considered viable and included if they
were a minimum of 8 min in length. Ninety classrooms had
videotaped lessons for 3 separate days (yielding 6 occasions),
3 classrooms had videotaped lessons for 2 separate days
(4 occasions), and 3 classrooms had a videotaped lesson for
only 1 day (2 occasions).

Twenty-six raters were trained to use the CLASS and all
passed an initial reliability test as well as weekly reliability
checks. Multiple raters were randomly assigned to observe
and rate each occasion, and 92 % of the occasions were rated
by three or more raters. Occasions were randomly distributed
across the coding period, and lists of the occasion assignments
were reviewed to ensure that a rater did not observe and rate
occasions from the same classroom during a single coding
session. Raters watched no more than two occasions from
different classrooms per coding session, and they took a
minimum of a 1-h break between coding sessions to reduce

fatigue. This procedure generated a data set comprising
multiple-coded occasions, days, and classrooms to allow for
estimates of the sources of variance identified in Table 1.
Upon completing an observation of each occasion, raters
judged whether the camera was stationary, the occasion was
continuous, the teacher was audible and visible, and the stu-
dents were audible and visible, and they also provided an
overall codability score for the occasion. From among 535
total occasions observed, 8 % were judged to be uncodable by
at least 1 rater, and all ratings of that occasion were excluded.
This resulted in 495 unique occasions, with an average of 5.10
occasions per classroom and 1.83 occasions per day within
each classroom.

Measure

The CLASS (Pianta et al. 2008) is an observational measure
of the quality of teacher–student interactions in classroom
settings. CLASS raters watch live or videotaped classroom
interactions for a specified amount of time (typically 15 to
30 min), and then rate the quality of interactions along ten
dimensions using a seven-point scale. For each dimension,
specific behavioral indicators are provided as descriptive
guidelines for “low” scores (ratings of 1 or 2), “mid” scores
(ratings of 3, 4, or 5), and “high” scores (ratings of 6 or 7).
Scores on the CLASS dimensions are averaged to create
three domain scores in the following way: emotional sup-
port comprises four dimensions—positive climate, negative
climate (reversed), teacher sensitivity, and regard for student
perspectives; classroom organization comprises three dimen-
sions—behavior management, productivity, and instructional
learning formats; and instructional supports comprise three
dimensions—concept development, quality of feedback, and
language modeling. Inter-rater agreement (ratings within one
point on the seven-point rating scale) for these dimensions in
other studies range from 0.72 to 0.89 (Brown et al. 2010). The
CLASS is predictive of students’ development of academic
(e.g., Mashburn et al. 2008) and social skills (e.g., Pianta et al.
2008), and it is sensitive to detecting intervention effects (e.g.,
Brown et al. 2010).

Analysis

From the data collected during the generalizability study,
estimates were computed for seven variance components
that are expressed in Eq. 1:

Yrðo:c:dÞ ¼ μþ ac þ br þ gd:c þ po:d:c þ ðabÞcr
þ ðagÞrðd:cÞ þ ðbpÞrðo:d:cÞ ð1Þ

where μ is the observed overall mean and !c through

bpð Þrðo:d:cÞ are mutually independent random variables with

Prev Sci (2014) 15:146–155 149



means of zero and variances denoted asσ2
c,σ

2
r ,σ

2
d:c,σ

2
o:d:c,σ

2
cr,

σ2
rðd:cÞ, and σ

2
rðo:d:cÞ, respectively. Programs in SPSS and SAS

were used to estimate these variance components and are
available by writing to the first author.

Results

Table 2 presents the estimates for seven sources of variance in
observational ratings of emotional support, classroom organiza-
tion, and instructional support and the number of measurement
occasions available to compute each of these sources of vari-
ance. Results indicate that the percentage of the total variance
that is attributable to the between-classroom portion σ2

c

� �
ranges

from 23 to 31 %; this is the variance that reflects the construct
that the CLASS is intended to assess. Across each of the three
CLASS domains, a relatively small portion of the total variance
(3–11%) was attributable to differences in ratings from 1 day to
the next within a classroom σ2

d:c

� �
. The classroom-by-rater

variance σ2
cr

� �
was also small (1–6 %), indicating that

between-classroom variability was relatively consistent across

raters. Similarly, rater-by-day variance σ2
rðd:cÞ

� �
was also very

small, indicating that the magnitude of the between-rater vari-
ability did not vary from 1 day to the next.

Average ratings varied considerably across the different
raters, and this between-rater variance σ2

r

� �
was substantial

for instructional support (18 %) and emotional support (14 %)
and relatively small for classroom organization (4%). Another
large source of error was the variability attributed to differ-
ences in scores from one occasion to the next within a day

σ2
o:d:c

� �
, reflecting fluctuations in the quality of classroom

interactions that occur from one 15-min occasion to the next.
The single greatest source of variance for all three CLASS
domains (between 27 and 33 % of the total variance in

observed scores) was rater-by-occasion variance σ2
rðo:d:cÞ

� �
.

This source of error variance comes from the interaction

between rater variance and occasion variance, and it refers to
inconsistencies between raters from one occasion to the next
within a given day. In other words, raters had stronger agree-
ment for one occasion within a day than for the other occasion
within the same day.

One possible explanation for this source of error is that
the different types of activities that occurred in the class-
room during each occasion gave rise to more or less consis-
tency in raters’ perceptions of the quality of interactions. For
example, on one occasion within a day, there may be laugh-
ter, smiling, and unambiguous displays of sensitivity by the
teacher toward students, and these clear displays of emo-
tional support are likely to generate high levels of rater
agreement for this occasion. In contrast, the second occasion
within the same day may involve activities that have few
interactions between students and teachers, such as indepen-
dent work by students at their desks, resulting in few clear
indicators that align with the items’ descriptions of an emo-
tionally supportive classroom. As a result, raters have less
objective information to make a rating and must use more
subtle events to make inferences about the level of emotion-
al support during this occasion, which is likely to produce
disagreement between raters for this occasion. Thus, the
interaction between the rater and the occasion—likely
caused by differing events across the occasions that affect
the consistency in raters’ scores—is the greatest source of
error in the measurement of classroom quality.

Conducting the Decision Study

Using the variance estimates from Table 2, we conducted a
decision study to identify procedures for observing class-
rooms in the efficacy study of RULER that maximize the
reliability of the CLASS. More specifically, the variance
estimates from the generalizability study were used to com-
pute a generalizability coefficient, 1, an index of reliability

Table 2 Estimates of seven sources of variance in observational ratings of emotional support, classroom organization, and instructional support

Source of variability n occasions

Emotional support Classroom organization Instructional support

Variance Percent total Variance Percent total Variance Percent total

Classroom σ2
c 96 0.23 28 0.24 31 0.31 23

Rater σ2
r 26 0.11 14 0.04 4 0.25 18

Day σ2
d:c 3 0.03 3 0.08 11 0.07 5

Occasion σ2
o:d:c 2 0.18 22 0.13 17 0.26 19

Classroom×rater σ2
cr 293 0.05 6 0.04 5 0.02 1

Rater×day σ2
rðd:cÞ 268 0.00 0 0.00 0 0.01 1

Rater×occasion σ2
rðo:d:cÞ 99 0.22 27 0.25 32 0.46 33

Total 0.81 0.77 1.38

Estimates were obtained using the VARCOMP procedure with Restricted Maximum Likelihood in SAS and SPSS
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that is the ratio of universe score variance σ2
c

� �
to the total

variance, excluding those sources that do not affect the
object of measurement. This statistic is appropriate when
the decisions that are made from the decision study concern
the relative standing of individuals, in this case, classrooms.
This is in contrast to absolute decisions that can be made in a
decision study that concern the absolute levels of perfor-
mance, such as whether the classroom achieved a specific
level of quality above or below a defined threshold
(Brennan and Kane 1977). In addition to the between-
classroom variability, the sources of variance that influence
the relative standing of classrooms to one another in the
efficacy study of RULER and are relevant sources of error
in the computation of 1 are σ2

d:c, σ
2
o:d:c, σ

2
cr, σ

2
rðd:cÞ, and σ

2
rðo:d:cÞ.

Each of these sources of variance is either nested within
classrooms ( σ2

d:c and σ2
o:d:c ) or involves an interaction

between raters and classroom σ2
cr

� �
or raters and a facet

nested within classroom (σ2
rðd:cÞ and σ2

rðo:d:cÞ).

l ¼ σ2
c

σ2
c þ σ2d:c

Dc
þ σ2o:d:c

OdDc
þ σ2cr

Ro
þ σ2

rðd:cÞ
RoDc

þ σ2
rðo:d:cÞ

RoOdDc

ð2Þ

As Eq. 2 illustrates, in the denominator, each of the sources
of error variance that affects the relative standing of classrooms
is divided by the number of units used to compute the variance
estimate. For example, the classroom-by-rater variance σ2

cr

� �
,

rater-by-day variance σ2
rðd:cÞ

� �
, and rater-by-occasion variance

σ2
rðo:d:cÞ

� �
are each divided by the average number of raters

who observe each unique occasion (Ro). Thus, increasing the
number of raters per occasion reduces these sources of error
variance, which in turn, decreases the total variability in the
denominator and increases the generalizability coefficient for
the measure. Similarly, all sources of error variance, except for
classroom-by-rater σ2

cr

� �
, are reduced by increasing the number

of days each classroom is observed (Dc). Further, the between-
occasion variance σ2

o:d:c

� �
and the rater-by-occasion variance

σ2
rðo:d:cÞ

� �
are also reduced by increasing the number of

occasions that are observed during each day that a classroom
is observed (Od). In sum, based on Eq. 2, the reliability of the
observed score can be improved by manipulating the observa-
tion procedures in three ways: (1) increasing the number of
raters who observe each unique occasion (Ro), (2) increasing
the number of days each classroom is observed (Dc), and (3)
increasing the number of occasions that ratings are made on
each day in each classroom (Od).

For the purposes of informing decisions about observation
procedures to use in the RULER efficacy study, we set the
number of occasions that are observed within each day to two
15-min occasions, which was done in consideration of the
amount of time that teachers are teaching English language

arts lessons during a given day. Under this constraint, we
computed the generalizability coefficient for different numb-
ers of days each classroom was observed (1, 2, and 4) and
different numbers of unique ratings made for each occasion (1,
2, and 4). Table 3 presents the generalizability coefficient for
emotional support, classroom organization, and instructional
support for nine possible scenarios in which the observations
can be conducted. It is important to note that the interpretation
of these generalizability coefficients is different than the tra-
ditional standards for evaluating reliability. Coefficients from
reliability statistics common in classical test theory consider a
single source of error variance at a time that is independent of
the true score. The coefficient 1 in this case considers five
sources of variance to be error. Thus, generalizability coeffi-
cients are generally lower than traditional reliability coeffi-
cients, and the coefficients in Table 3 may be compared to
each other, but they should not be compared to the standards
that are typical for other measures of reliability.

Results from Table 3 help inform decisions about how to
conduct classroom observations in ways that maximize the
generalizability coefficient for each of the three CLASS
domains. For example, under the nine scenarios, scenarios
3, 5, and 7 require roughly the same amount of resources for
conducting observations. Specifically, each scenario
requires that eight observations are conducted within each
classroom (scenario 3 involves 4 days with two occasions
per day that are rated by one rater; scenario 5 involves 2 days
with two occasions per day that are each rated by two raters;
scenario 7 involves 1 day with two occasions per day that
are each rated by four raters). Despite equal resources need-
ed to observe under these three scenarios, the decision study
indicates that scenarios 3 and 5 produce substantially higher
reliability estimates than scenario 7. Thus, with a fixed
budget that can support eight observations for each class-
room, assigning four raters to observe two occasions on
1 day for each classroom is the least optimal way to utilize
resources for conducting classroom observations.

Scenarios 1 and 9 represent the least and most resource-
intensive procedures, respectively. Scenario 1 involves a
single day of observing each classroom that results in two
occasions, each of which is observed by a single rater for a
total of two ratings per classroom. Scenario 9 involves
4 days of observing each classroom that results in eight
observation occasions, each of which is rated independently
by four different raters. Observations conducted under sce-
nario 9 would yield a total of 32 ratings for each classroom;
however, the tradeoff to the increased resources needed for
observing classrooms under the conditions in scenario 9
compared to scenario 1 is the improvement in the reliability
of the measure (Table 3). Specifically, for scenario 9, the
reliability of the measure of emotional support, classroom
organization, and instructional support is 0.84, 0.88, and
0.86, respectively. For scenario 1, the reliability of the
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measure of emotional support, classroom organization, and
instructional support is 0.48, 0.51, and 0.44, respectively. In
the next section, we demonstrate how the reliability of the
CLASS using observation procedures described in scenarios
1 and 9 influences the statistical power of the efficacy study
to detect effects of RULER on classroom emotional support.

Implications of Reliability for the Power of the Efficacy
Study of RULER

The statistical power of a group randomized trial to detect
effects on setting-level outcomes is influenced by the reliabil-
ity of the outcome measure (Raudenbush and Sadoff 2008),
and power analyses that do not adjust for the unreliability of
the outcome measure implicitly assume that the outcome has
been assessed without error. However, as we have shown, this
is an untenable assumption in the context of the efficacy study
of RULER. In this section, we account for the reliability of the
outcome measure in determining the power of the efficacy
study to detect moderate-sized differences in quality of inter-
actions between classrooms assigned to the RULER and
control groups. Specifically, using the Optimal Design
Software (Liu et al. 2009), we calculated the power of the
efficacy study to detect a statistically significant difference in
emotional support between classrooms in RULER and control
schools using the outcome reliability of the measure of emo-
tional support in scenario 1 (1=0.48) and scenario 9 (1=0.84).

The design of the study is a multisite group randomized trial
with a group-level outcome, treatment is randomly assigned at
the school level, and the setting-level outcome is assessed at the
classroom level. The power calculationwas conducted under the
following conditions: 64 schools (K), 3 classrooms per school
(J), an estimate of 30% of the true outcome variance explained
at the school level, !=0.05, an estimate of the intraclass
correlation for the between-school variance in the outcome

(ρ)=0.10, and an expected effect size difference in emotional
support between RULER and control classrooms (δ)=0.50.
This moderate-sized effect is a reasonable expectation for the
magnitude of setting-based interventions that are intended to
improve setting-level outcomes (e.g., Brown et al. 2010).

Figure 1 plots the association between the reliability of the
classroom-level measure of emotional support and the statis-
tical power of the efficacy study of RULER. There is a
nonlinear association between reliability and statistical power,
such that, when reliability is low (e.g., between 0.0 and 0.4),
increases in reliability result in large improvements in power.
However, when reliability is relatively high (between 0.7 and
1.0), increases in reliability result in relatively smaller
improvements to the power of the study. Figure 1 also illus-
trates that, in the case of the efficacy study of RULER, when
emotional support is measured with a reliability of 0.48 as in
the case of scenario 1, the statistical power of the study to
detect a difference between RULER and control conditions is
0.65. When the outcome is measured with a reliability of 0.84
as in the case of scenario 9, the statistical power of the study is
0.85. Figure 2 further illustrates the implications of low reli-
ability of the setting-level outcome measure on the statistical
power of the study by plotting the association between the
statistical power and the number of schools in the study when
the reliability of the outcome measure is 0.48 as in scenario 1.
To achieve a statistical power of 0.85 for the efficacy study of
RULER using the observation procedures described by sce-
nario 1 (1=0.48), the number of schools needed in the study
would increase from 64 to 102 (Fig. 2).

The tradeoff between the reliability of the outcome measure
and the statistical power of the group randomized trial is also
evident when contrasting the three scenarios (3, 5, and 7) that
require the same number of observations per classroom but
adopt different observation procedures (Table 3). Specifically,
the reliability for the measure of emotional support for scenar-
ios 3, 5, and 7 is 0.70, 0.70, and 0.64, respectively. To achieve a

Table 3 Generalizability coeffi-
cient for emotional support,
classroom organization, and in-
structional support for nine dif-
ferent observation scenarios

Observation procedures

Emotional
support 1

Classroom
organization 1

Instructional
support 1

Number of days/
classroom (Dc)

Number of
occasions/
day (Od)

Number of raters/
occasion (Ro)

Scenario 1 1 2 1 0.48 0.51 0.44

Scenario 2 2 2 1 0.60 0.65 0.60

Scenario 3 4 2 1 0.70 0.74 0.73

Scenario 4 1 2 2 0.57 0.62 0.54

Scenario 5 2 2 2 0.70 0.75 0.70

Scenario 6 4 2 2 0.79 0.83 0.81

Scenario 7 1 2 4 0.64 0.69 0.61

Scenario 8 2 2 4 0.76 0.81 0.76

Scenario 9 4 2 4 0.84 0.88 0.86
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statistical power of 0.85 for each of these three scenarios, 75
schools are needed in scenarios 3 and 5 and 85 schools are
needed in scenario 7.

Implications for the Costs of Conducting Efficacy Studies

As we have shown, increasing the reliability of the CLASS
improves the statistical power of the efficacy study of
RULER. In this section, we consider the monetary costs
associated with conducting a generalizability study and with
adopting the observation procedures identified in the decision

study that maximize the reliability of the CLASS. In the
RULER study, observing and rating videotapes from class-
rooms at the baseline phase was part of the design of the
efficacy study, and a total of 535 observation occasions were
available. Each observation occasion was rated, on average,
3.39 times, resulting in a total of 1,814 ratings. Each rating
took approximately 30 min to complete; thus, the number of
person-hours required to rate these occasions was 907 h.
Raters were paid $16/h, and the estimated additional cost for
conducting the generalizability study was $14,512 or approx-
imately $151 for each of the 96 classrooms.

As described above, the statistical power of the efficacy
study of RULER on classroom emotional support is equiva-
lent under the following two conditions: (1) 64 schools with
an outcome reliability of 0.84 achieved using observation
scenario 9 and (2) 102 schools with an outcome reliability of
0.48 achieved using observation scenario 1. However, there
are substantial differences in the costs of conducting the study
between these two conditions. Under the first condition in-
volving 64 schools using observation scenario 9, observation
cost is estimated to be $49,152 (64 schools, 3 classrooms per
school, 4 separate days, 2 occasions per day, and 4 raters per
30-min occasion, who are paid $16/h). Under the second
condition involving 102 schools using observation scenario
1, observation cost is estimated to be $4,896 (102 schools, 3
classrooms per school, 1 day, 2 occasions per day, 1 rater per
30-min occasion, who is paid $16/h). Thus, the cost of mea-
suring the setting-level outcome in scenario 1 is $44,256 less
than the cost in scenario 9.

The tradeoff to the reduced observation costs in scenario
1 is the additional costs required to increase the number of
schools in the study from 64 (32 RULER and 32 control) to
102 (51 RULER and 51 control). For the RULER study, the
estimated cost of implementing the workshops and coaching
intervention alone is $3,118 per school; thus, increasing the
number of schools in the RULER condition by 19 (from 32
to 51) increases the estimated cost of the efficacy study by
$59,242, which is approximately 33 % more than the addi-
tional costs for conducting the extensive observations of
classrooms in the 64 schools using scenario 9. This is a very
conservative estimate of the cost savings, given that these
figures do not take into account the costs for collection of
other data (e.g., student and teacher surveys, archival data),
travel, and staffing that would be required to conduct the
study with all 38 schools added to the RULER and control
groups. The cost savings related to increased reliability of
the outcome measure are also evident when comparing
scenarios 3, 5, and 7. Although the costs for conducting
observations are equal for these three scenarios, scenario 7
requires ten more schools than scenarios 3 and 5 to achieve
statistical power equal to 0.85. The addition of five of these
schools to the RULER group would increase the cost of
implementing RULER in the efficacy study by $15,590.

Fig. 1 Association between the reliability of classroom emotional
support and the statistical power of the RULER efficacy study

Fig. 2 Number of schools needed for the RULER efficacy study to
achieve statistical power of 0.85 when the reliability of classroom
emotional support is 0.48
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Discussion

A common focus of prevention science research is to develop,
implement, and test the effects of interventions designed to
improve the quality of social settings in order to promote
positive outcomes for individuals. As we have demonstrated,
generalizability theory provides a statistical framework to
identify the sources of error in the setting-level outcome
measure, estimate these sources, and make decisions about
procedures for collecting data that reduce these sources.
Within the context of testing the efficacy of RULER on
improving the quality of classroom interactions, decisions
about the number of days to observe each classroom and the
number of raters who observe and rate each occasion had a
substantial effect on the reliability of the outcomemeasure, the
resulting statistical power of the study to detect the interven-
tion’s effects, and the costs of conducting the study.

Based on the lessons learned in this demonstration, preven-
tion scientists should consider the following when applying
generalizability theory for the purposes of improving the reli-
ability of a setting-level outcome in a group randomized trial.
First, careful consideration should be given to specifying the
sources of error variance that are salient for a particular mea-
sure used in a subsequent efficacy study. For example, in this
case, we theoretically defined that the rater-by-occasion vari-
ance is a source of error in measuring the quality of classroom
interactions. This assumes that emotional support, classroom
organization, and instructional support are stable characteris-
tics within an English language arts lesson, and the substantial
variability attributable to differences in raters’ scores from one
occasion to the next within a given lesson represents error in
the measurement of these outcomes. An alternative specifica-
tion is that rater-by-occasion variance is an attribute of the
object of measurement itself (i.e., the instability of scores by
raters is part of the construct that is being assessed), and this
variance should not be conceived as error.

Second, the generalizability study should be conducted
using observation procedures and settings that directly align
with those planned for the efficacy study. Specifically, as was
the case in this study, observations in both the generalizability
study and the efficacy study involve the same measure
(CLASS), a subsample of the same social settings (fifth and
sixth grade classrooms), the same types of activities observed
within the settings (English language arts lessons), and the
same procedures for training the raters. It is a limitation that
38 % of teachers who participated in the efficacy study did not
provide videotapes for the generalizability study. This differ-
ence between the sample in the generalizability study and the
sample in the efficacy study may affect how well the variance
estimates from the generalizability study apply to the efficacy
study, as well as the accuracy of the subsequent decisionsmade
about data collection procedures. Future applications of gen-
eralizability theory for improving the power of a group

randomized trial study should as closely as possible align the
observation procedures and sample in the generalizability
study with those in the efficacy study to help ensure that the
resulting decisions are directly relevant for the efficacy study.

Third, when conducting a generalizability study, it is
important to select occasions to observe and rate that will
provide estimates of as many sources of variance as possi-
ble, given coding resources. The best practice for conduct-
ing this generalizability study is to use a fully crossed design
in which two or more raters observe and rate multiple
occasions within a day for multiple days within each class-
room for multiple classrooms. However, there may be lim-
itations to conducting a generalizability study using a fully
crossed design, and if this is the case, steps must be taken to
identify which estimated sources of variances are confound-
ed by unestimated sources and then make assumptions about
the magnitudes of the unestimated sources.

Fourth, the optimum procedures for producing reliable
estimates identified in a decision study must be interpreted
in light of practical constraints related to observing classrooms
during the efficacy study. For example, there are likely to be
limits to the number of days that teachers and school admin-
istrators will allow observations to be conducted. Therefore, it
may place undue burden on teachers and may not be feasible
to adopt observation scenarios that involve many days of
observing classrooms. It may also not be feasible to conduct
observations prior to the efficacy study for the purposes of
conducting the generalizability study. There are also con-
straints related to the number of occasions that can be ob-
served within a given day depending upon limits imposed by
teachers and school administrators and whether the object of
measurement is a discrete event (an English language arts
lesson) or a general assessment of the classroom during a
typical day. Further, if live observations are utilized, there
are limits to the number of independent ratings that can be
made of a specific occasion within a classroom because hav-
ing more than two raters in a classroom will disrupt the typical
classroom processes that are the targets of assessment.

In addition to these lessons learned from this demonstra-
tion, we also have identified the following research ques-
tions that should be further investigated to improve the
procedures of conducting classroom observations, G stud-
ies, and D studies. What are the potential tradeoffs to the
reliability and validity of ratings collected from videotapes
compared to live observations? What is the optimum length
of an observation occasion and is 15 min sufficient? To what
extent do observational measures of teachers comprise re-
activity effects caused by the presence of cameras or raters
in the classroom? How well do the variance estimates from
the generalizability study taken from a sample of class-
rooms, days, occasions, and raters per occasion approx-
imate the population variance values for these variance
estimates? This last question is particularly relevant for
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the rater-by-occasion variance, which in this study was
the largest source of variance and was estimated from a
relatively small number of occurrences (99) when the
same rater provided scores for both occasions within the
same classroom on the same day.

In conclusion, as demonstrated in this paper, generaliz-
ability theory provides a framework for understanding the-
oretical sources of error in observational measures of
settings, estimating these sources of error, and using esti-
mates to make decisions about the procedures for observing
settings in ways that improve the reliability of the outcome
measure. To apply this method, careful consideration must
be taken in identifying the salient sources of error variance
in the setting-level outcome measure, designing a general-
izability study that produces accurate estimates of each
variance component, and interpreting the results of the de-
cision study in light of practical constraints that may impose
limits on the number of days, occasions, and ratings per
occasion that can occur. Following these procedures when
evaluating effects of interventions to improve social settings
has the potential to improve the reliability of the setting-
level outcome measure, increase the statistical power of an
efficacy study, reduce the costs of conducting an efficacy
study, and improve the accuracy of the inferences that can
be made about the effects of social and emotional learning
and other interventions on improving social settings.
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