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Purpose: Systematic reviews of literature are routinely conducted to identify
practices that are effective in addressing educational and clinical problems. One
complication, however, is how best to combine data from both group experi-
mental design (GED) studies and single-case experimental design (SCED) stud-
ies. Percent of Goal Obtained (PoGO) has been developed as a metric to
express the size of the effect relative to the distance to a goal, which could
have broad applicability. This study sought to augment this descriptive index
with estimates of standard errors, which are needed to use PoGO as an effect
size metric in meta-analyses of SCED and GED studies. This study investigated
the application of PoGO and standard errors to both SCED and GED studies
examining a common intervention approach used with a single population.
Method: Sixteen articles investigating explicit vocabulary instruction applied to
pre-K and kindergarten students were identified. PoGO and standard errors
were calculated for variations of explicit vocabulary interventions. Evaluated
interventions included six studies using exclusively an SCED, nine studies using
a GED, and one that used both.
Results: PoGO was calculated for each treatment condition when applicable
(i.e., alternating treatments designs). Standard errors and confidence interval
limits also were calculated. PoGO effect size values ranged from 14.4% to
93.6%. PoGO for single-case experiments was 49.2% with a standard error of
7.26, and for group experiments, it was 30.8% with a standard error of 3.71.
Conclusion: Despite variation in the percentage of goal obtained across stud-
ies, the high degree of overlap in PoGO and standard errors between single-
case and group experiments provides an indication that systematic reviews can
apply this effect size metric to combine information obtained across experimen-
tal designs.
Educators, clinicians, and other practitioners are
expected to provide efficacious and efficient services to their
students and clients. Rather than relying on the findings of
a single study to identify best practices, they increasingly
rely on systematic reviews of the empirical studies that eval-
uate the effects of interventions that are designed to address
educational and clinical problems of interest. Indeed,
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systematic reviews have become increasingly more impor-
tant as a source of information for clinicians to identify
empirically supported interventions (Schlosser & Sigafoos,
2008, 2009). One complication in identifying empirically
supported interventions is the high likelihood that the
review will include both group experimental design (GED)
studies and single-case experimental design (SCED) studies.
For example, Sanders et al. (2019) conducted a meta-
analysis of self-regulated strategy development reading
interventions to improve the reading comprehension of stu-
dents with disabilities that included four GED studies and
five SCEDs. Similarly, Wood et al. (2018) meta-analyzed
right © 2022 American Speech-Language-Hearing Association 1
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22 studies, including both GEDs and SCEDs, to examine
the effects of text-to-speech tools on the reading compre-
hension of students with reading disabilities.

These systematic reviews often use effect size metrics
to estimate the size of treatment effects and aggregate
them to identify evidence-based practices (Shadish et al.,
2015). When both SCED and GED studies are to be
included in the systematic review, two problems can arise,
both related to the metric of the effect sizes used. First,
the effect sizes commonly used for SCED studies are not
comparable (i.e., not on the same scale) as the effect sizes
commonly used with GED studies, which makes compari-
sons or aggregation across SCED and GED studies diffi-
cult. Second, for both SCED and GED studies, the met-
rics commonly used to index the size of the effect can be
challenging to interpret and are not well aligned with the
practical or clinical significance of the effect.

Because of the poor alignment in effect size estimates
used for GED versus SCED studies, some researchers con-
duct systematic reviews on one type of design to the exclu-
sion of other designs. However, reviews drawn only from a
subset of the available evidence can be misleading. For
example, Goldstein et al. (2014) conducted a review of the
quality and effects of SCED and GED studies of social
skills interventions for young children with autism. They
argued that reviews of GED studies only wrongly con-
cluded that no efficacious interventions were available.
Thus, investigators continue to search for approaches that
allow researchers to incorporate available evidence from
both GED and SCED studies into systematic reviews.

Regarding the issue of comparability, most SCED
effect sizes are based on variability within an individual,
whereas GED effect sizes are based on variability among
individuals. More specifically, SCED studies commonly
use nonoverlap indices, such as Nonoverlap of All Pairs
(Parker & Vannest, 2009) and Tau U (Parker et al., 2011),
or mean differences (or trend adjusted mean differences)
that have been standardized by the variation within the
individual (Busk & Serlin, 1992). In contrast, GED studies
typically use standardized mean differences, where the
standard deviation is based on the between-persons varia-
tion, pooled across treatment and control groups. Because
the variance between persons is larger than the variance
within a person, standardized mean differences from GED
studies are systematically smaller than the within-person
standardized mean differences from SCED studies (Shadish
et al., 2014; Van den Noortgate & Onghena, 2008). This
difference in scale makes it difficult to aggregate or com-
pare effect sizes from GED and SCED studies.

One approach for dealing with the lack of compara-
bility is to meta-analyze the SCED studies separately from
the GED studies. For example, in a meta-analysis of
social and communication intervention practices for chil-
dren with autism spectrum disorder, Bejarano-Martin
2 Journal of Speech, Language, and Hearing Research • 1–16
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et al. (2020) kept the two types of study separate, as did
Jamieson et al. (2014) in their meta-analysis of cognitive
prosthetic technology for individuals with memory impair-
ments. When the outcomes in the GED studies are unlike
the outcomes in the SCED studies, meta-analysts would
often want to obtain separate effect size estimates for the
different outcome types, and thus the separate analysis
approach works well. However, when outcomes are simi-
lar across SCED and GED studies, the separate analysis
approach limits the meta-analyst in a couple ways. First
the average effect estimate from each type of study is
based only on the data from one type of study and, thus,
is less precise than an average effect estimate based on all
the data. Second, moderator analyses are restricted to a
subset of the data based on one design type, which limits
the meta-analyst’s power to identify factors that impact
the effectiveness of the treatment.

A second approach for dealing with this problem is
to use effect size measures for SCEDs, which, like GED
studies, standardize based on an estimate of between-
persons variability. For example, in a multiple-baseline
study with three or more participants, it is possible to esti-
mate the variability between cases, and then use this vari-
ability estimate to standardize the mean difference. These
design-comparable effect sizes (D-CESs) have been developed
(Hedges et al., 2012, 2013; Pustejovsky et al., 2014; Shadish
et al., 2014; Swaminathan et al., 2014; Van den Noortgate &
Onghena, 2008), and a web application is available to facili-
tate their computation (Pustejovsky et al., 2021).

However, there are limitations associated with the
use of D-CES. One concern is that D-CESs require at least
three individuals for estimation of the between-persons var-
iability, and thus, effect evidence from high-quality SCED
studies will be excluded from meta-analyses when those
studies have only one or two participants (e.g., multiple-
baseline designs across behaviors or settings, reversal
designs, and alternating treatments designs). For example,
Maggin et al. (2017) found in their meta-analysis of group
contingency interventions on academically engaged and
disruptive behaviors that the use of design-comparable
effect sizes led to the exclusion of 13 of the 40 single-case
studies that had met What Works Clearinghouse (2020)
standards. Another concern with D-CESs is that they yield
only an across-person average effect, as opposed to an
effect estimate for each person, and thus, the variation in
the response to intervention of the participants in a study
cannot be explored as part of a moderator analysis. Finally,
there are concerns with trying to interpret the clinical signif-
icance of a D-CES of a particular value.

The interpretation challenges associated with stan-
dardized mean differences are not unique to SCED stud-
ies. These concerns have also been voiced in the GED lit-
erature, where they have motivated the development of
common language effect sizes (Brooks et al., 2014). The
2022, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



standardized mean difference tells us the size of the differ-
ence between the means in standard deviation units (e.g.,
the mean of the treatment group was 0.20 SDs higher
than that of the control group). However, relating the size
of the standardized mean difference to the clinical signifi-
cance of the effect has proved elusive. This is unfortunate,
because the goal of practitioners typically is to intervene
in hopes of alleviating clinical concerns or improving aca-
demic achievement and behavior, so they are on par with
typically developing peers. The goal may be the extinction
of a problem behavior, or a 100% correct on a criterion
measure (e.g., math or vocabulary test), or it could be a
rate of social interaction that is derived normatively from
observations of typical individuals. Depending on the
behavioral phenomenon of interest, one would expect
practitioners and researchers to be able to agree on a com-
mon goal.

Percent of Goal Obtained (PoGO) has been developed
as a metric for SCED studies that expresses the size of the
effect relative to the distance to the goal, and thus, a PoGO
of 0 indicates no progress toward the goal, whereas a PoGO
of 100 indicates the goal was obtained (Ferron et al., 2020).
More formally, in the context of behavior acquisition, the
following formula can be used to calculate PoGO:

PoGO ¼ β� α
γ� α

� 100; (1)

where γ is the goal level of behavior, α is the expected level
of behavior without intervention, and β represents the
actual level of behavior achieved during the intervention.
This formula can also be adapted to be used in contexts
where the intervention is designed for behavior reduction:

PoGO ¼ α� β
α� γ

� 100: (2)

By establishing a clinically relevant goal, this effect
size can be more readily interpreted. In addition, the
expected level of the behavior without intervention (α) and
the level of behavior during intervention (β) can be compa-
rably estimated from both SCED and GED studies, and
thus, if a comparable goal is set for the SCED and GED
studies, it provides an index that can be compared or
aggregated across SCED and GED studies.

However, PoGO was developed as a descriptive
index, and thus, no standard errors were derived and pre-
sented for PoGO. The lack of standard errors presents
multiple problems for those that would like to use PoGO
as an effect size metric in a meta-analysis of SCED and
GED studies. First, standard errors are essential for esti-
mating confidence intervals around effect estimates for
individual studies (or individual participants in SCED
studies). Second, standard errors for the study and case-
specific PoGO estimates are needed to estimate the
Downloaded from: https://pubs.asha.org University of South Florida on 12/08/
confidence interval for the meta-analytic mean effect esti-
mate that is obtained by averaging effect sizes across stud-
ies. Third, the meta-analytic mean effect estimate can be
estimated more precisely if the effect size estimates are
weighted using the inverse of the error variance, which is
based on the standard errors.

Purpose

The purpose of this study is to further the develop-
ment of PoGO for systematic reviews. First, we aim to
develop a method for estimating standard errors for PoGO.
Second, we aim to explore the applicability of PoGO and
the developed standard errors in systematic reviews by
using them to synthesize a combination of SCED and
GED studies that examined explicit vocabulary interven-
tions for preschoolers.
Standard Errors and Confidence Intervals
for PoGO

To derive standard errors for PoGO, we first distin-
guish between the quantity we are trying to estimate,
PoGO, which is defined by α, β, and γ (as shown in Equa-
tions 1 and 2), and the estimate of that quantity, which
relies on estimates of α (i.e., α̂) and β (i.e., β̂). There are
multiple ways of estimating α and β, and, as a consequence,
multiple ways of estimating PoGO. For example, in a con-
text where temporal stability is assumed, the mean of the
baseline observations may be used to estimate α, but if
temporal stability is only assumed for the last n observa-
tions of baseline, then the mean of the last n baseline
observations may be used to estimate α, and if temporal
stability is not assumed, but rather it is assumed that there
is systematic change due to maturation, then a regression-
based extension of the baseline trend may be used to esti-
mate α (Ferron et al., 2020). How α is estimated will
affect its standard error and also the standard error for
PoGO. Similarly, how β is estimated will affect its stan-
dard error and the standard error for PoGO. Further-
more, the standard errors for PoGO will depend on
assumptions about how the observations are distributed
within a phase (e.g., normal or Poisson; independent or
autocorrelated). Shadish and Sullivan (2011) found in a
review of the characteristics of 113 SCED studies that
there was considerable variability in the designs used, the
outcomes examined, and the estimated autocorrelation,
which suggests that the assumptions for analysis in one
SCED context may differ from another.

To derive the standard errors, we chose to use the
approximate formula for the standard error of a ratio of
normal variables derived by Dunlap and Silver (1986).
Doing so, involves a normality assumption about the
Patrona et al.: PoGO Effect Size Metric 3
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estimate of the numerator of PoGO (i.e., β̂ − α̂) and the
estimate of the denominator of PoGO (i.e., γ − α̂). These
estimates are often based on means, mean differences, or
time trend-adjusted mean differences (e.g., regression coeffi-
cients) and, thus, will tend toward normality as the number
of observations increases. We substituted the PoGO numer-
ator (i.e., β̂ − α̂) and denominator (i.e., γ − α̂) into Dunlap
and Silver’s approximate formula to obtain an approximate
formula for the PoGO standard errors:

SEPoGO ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s2β�α þ

β̂�α̂ð Þ2
γ�α̂ð Þ2 s2γ�α

r

γ� α̂
; (3)

where α̂ is the estimate of α, β̂ is the estimate of β, s2β�α is

the error variance in estimating β − α, and s2γ�α is the

error variance in estimating γ − α.
In some SCED contexts, researchers need to control

for baseline trend (e.g., Parker et al., 2006), and in others,
they need to account for autocorrelation (for discussions
of the prevalence of autocorrelation in SCEDs see Matyas
& Greenwood, 1996; Shadish & Sullivan, 2011). In these
relatively complex contexts, Equation 3 could be used by
first estimating the quantities used in PoGO (i.e., β – α, and
α) using a regression model that assumed an autoregressive
error structure (e.g., generalized least squares regression,
Maggin et al., 2011, or Bayesian methods, Swaminathan
et al., 2014) and that included separate time trends for
baseline and treatment phases. By centering the time vari-
able in the regression (see, e.g., Huitema & McKean, 2000),
regression coefficients could be obtained that would corre-
spond to β – α at a particular focal time (e.g., the difference
between the projected baseline trend line and the treatment
phase trend line at the end of treatment) and α (e.g., the pro-
jected baseline value at that same focal time). The estimates
of these regression coefficients along with the error variances
for these coefficients could then be substituted into Equation
3 to estimate the standard error for PoGO.

In some SCED contexts, the estimates for the quan-
tities in PoGO and its standard error can be made more
simply. We may be able to assume we are dealing with a
behavior in which there would be stable responding for
baseline observations, and thus, the expected level of the
behavior without intervention (α) could be estimated as
the mean of the baseline observations. Similarly, we may
be able to assume that the treatment observations would
either be stable or stable at the end of the treatment
phase, and thus, the level of behavior resulting from inter-
vention (β) could be estimated as the mean of the treat-
ment phase observations or the mean of the last n treat-
ment observations. Finally, we may be examining an out-
come where we have enough spacing between the observa-
tions to assume that autocorrelation would be negligible
so that the observations could be assumed to be
4 Journal of Speech, Language, and Hearing Research • 1–16
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distributed independently. Under these assumptions, the
error variance of the numerator of PoGO (s2β�α) would be:

s2β�α ¼
s2A
nA

þ s2B
nB

� �
; (4)

where s2A is the variance of the participant’s baseline
observations, s2B is the variance of the participant’s inter-
vention observations that were used to compute the esti-
mate of β, nA is the number of baseline observations, and
nB is the number of intervention observations used to
compute the estimate of β. Because γ is a known quantity,
the estimated error variance in the denominator of PoGO
under these simplifying assumptions is the error variance
in the mean of the participant’s baseline observations.

s2γ�α ¼
s2A
nA

: (5)

By substituting these more specific estimators of the error
variance from Equations 4 and 5 into Equation 3, we
obtain a more specific formula for PoGO standard errors.

SEPoGO ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s2A
nA
þ s2B

nB

� �
þ β̂�α̂ð Þ2

γ�α̂ð Þ2
s2A
nA

r

γ� α̂
: (6)

Dunlap and Silver (1986) showed through simula-
tions that their approximation to the standard error of a
ratio of normal variables was accurate when the variables
were uncorrelated and when the denominator of the ratio
was relatively large compared with its error variance (i.e.,
at least 6 times as large). We found in our study to be pre-
sented next that the value of γ�α

s2γ�α
was at least six for 105 of

the 106 PoGO standard error estimates (the one value less
than six was 4.6).

The standard errors from either Equation 3 or 6 can
be used to calculate confidence intervals, with the follow-
ing formula:

PoGO� tcrit SEð Þ; (7)

where tcrit is substituted with the corresponding value
from a t distribution table, based on the degrees of free-
dom in the study and the desired alpha level.
Study of the Applicability of PoGO and Its
Standard Errors

The purpose of the applicability study is to explore
the application of PoGO and its standard error to an
array of studies that sought to teach vocabulary to pre-
schoolers. In addition to SCED and cluster randomized
design studies for which we had access to participants’
data, we identified a number of published studies that also
2022, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



sought to teach vocabulary explicitly to preschoolers and
kindergartners. This data set allowed us to investigate
whether estimates of average effect sizes, standard errors,
and confidence intervals were producing similar results.
We also sought to investigate the process of using these
data to produce an overall assessment of the efficacy of
vocabulary interventions for preschoolers, with a focus on
those who were at risk or demonstrating language delays.
Method

Article Selection Criteria

The primary goal of this study was to demonstrate
the applicability of PoGO as a method of comparing
effect sizes across GED and SCED studies. Thus, rather
than an exhaustive literature search to identify all studies
of early childhood vocabulary interventions, we selected a
subset of articles published since 2000 that met the follow-
ing criteria: (a) included preschool or kindergarten-aged
children, (b) intervention that included explicit instruction
on vocabulary words, (c) outcome measures assessed
knowledge of the taught vocabulary words (i.e., studies
that included only broad vocabulary measures, such as the
PPVT, were excluded), and (d) reported or had available
sufficient data to calculate PoGO. Both GED and SCED
studies were included.

The authors initially identified 26 articles. Six arti-
cles were eliminated because there was not sufficient data
reported to calculate PoGO. These articles were most
often missing pretest data. Four articles were eliminated
because outcome measures were not specific to taught
words. It should be noted that several of the included arti-
cles were published by the authors of this article; therefore,
we had access to raw data to be used for PoGO calcula-
tions. The remaining 16 articles included 17 studies: 10
GED and seven SCED (i.e., Kelley et al., 2015, included
both an SCED and a GED).

Study Characteristics

We have summarized information about the 17
included studies in Table 1. Four categories of informa-
tion were extracted to capture information relevant to the
comparison of the studies. The categories included (a) the
size and characteristics of the sample investigated, (b) the
experimental design used, (c) the size and characteristics
of the vocabulary to be taught, and (d) the types of mea-
sures of vocabulary learning used. Nine of the included
studies (five SCED, four GED) reported results from iter-
ations of the same intervention, Story Friends. The
remaining eight studies reported results from other vocab-
ulary interventions.
Downloaded from: https://pubs.asha.org University of South Florida on 12/08/
Data Analysis

Data were extracted from the results section of each
study (or from raw data researchers could access) to calcu-
late PoGO. Of the seven included SCED studies, four
used a repeated acquisition design (RAD), two used a
RAD with an adapted alternating treatment design
(AATD), and one used a multiple-baseline design across
participants. The four RAD studies contained observation-
level data for each child (e.g., pre- and posttest vocabulary
scores for each book in a nine-book series). For these
studies, a PoGO estimate was obtained for each partici-
pant using the pretest mean as the estimate of α and the
posttest mean as the estimate of β. The goal level, repre-
sented by γ, was set to the total possible number of points
that the child could earn in the vocabulary knowledge mea-
sure. For the two RAD and AATD design studies (Dennis
& Whalon, 2021; Seven et al., 2020), the PoGO estimate
was calculated in the same way for each treatment condi-
tion. For example, a separate POGO value was calculated
for the automated application treatment and the teacher-
delivered treatment in Dennis and Whalon (2021). For the
multiple-baseline design (Bobzien et al., 2015), a PoGO
value was estimated for each book for each child, using
the mean of the baseline observations for the book as the
estimate of α and the mean of the last three treatment
observations within the book as the estimate β. The stan-
dard errors for each PoGO value were then estimated
using Equation 6, which was programmed into an Excel
spreadsheet. Our rationale for using Equation 6 was that
we were using means as estimates of α and β given the
observed stability in responding, and because the SCEDs
were mostly RADs, which have enough spacing between
the observations to limit concerns with autocorrelation.

We then obtained a meta-analytic mean PoGO esti-
mate for each SCED. For RADs, the case-specific PoGO
values were aggregated into a summary value for the
study using a mixed linear model. More specifically, we
used a meta-analytic model:

PoGO
^

ij ¼ PoGOj þ uij þ eij ; (8)

where PoGO
^

ij is the estimated PoGO for Participant i in
Study j, PoGOj is the true PoGO for Study j, uij is the devi-
ation of the true PoGO for Participant i in Study j from
the true PoGO for Study j, and eij is the residual that
accounts for the error in the estimate introduced by the
sampling of the observations. Both uij and eij are assumed
normally distributed. The model was estimated using SAS
9.4, and program code was adapted from Konstantopoulos
(2011); see the first set of programming code in the Appendix
for more information.

For the multiple-baseline study, we used a similar
meta-analytic model where the estimated PoGO for
Patrona et al.: PoGO Effect Size Metric 5
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Table 1. Summaries of the articles selected for analysis.

Authors Participants
Design and

intervention length
Vocabulary
selection

Vocabulary
knowledge measure

Spencer et al.
(2012)

N = 9; inclusion criteria: PPVT-4 and/or
CELF-P2 of 78–92; preschool; all
English-speaking children from
low-income families

Repeated acquisition single-case
experimental design;
approximately 9 weeks of
intervention

18 words
Tier 2 vocabulary

Expressive definition task: Children
respond to open-ended definitional
question.

Bobzien et al.
(2015)

N = 4; inclusion criteria: congenital hearing
loss, PLS-5 or PPVT-4 scores below
age expectations, narrative skills below
age expectations; all English-speaking
children

Multiple-baseline design replicated
across children; 8–30
intervention sessions

30 words
Tiers 1 and 2 vocabulary,

short phrases

Expressive production task: Children
responded to open-ended questions
to elicit use of target words.

Kelley et al.
(2015)

N = 18; inclusion criteria: PPVT-4 standard
score of 90 or lower; preschool; all
English-speaking children; included
children from low-income families

Randomized control trial with
embedded repeated acquisition
single-case experimental
design; BAU comparison
condition; 14 weeks

18 words
Tier 2 vocabulary

Expressive definition task: Children
respond to open-ended definitional
question.

Greenwood et al.
(2016)

N = 9; inclusion criteria: below cut point
on IGDI Picture Naming; preschool;
included English language learners
and children from low-income families

Repeated acquisition single-case
experimental design (replication
of Spencer et al., 2012);
approximately 9 weeks

18 words
Tier 2 vocabulary

Expressive definition task: Children
respond to open-ended definitional
question.

Peters-Sanders
et al. (2020)

N = 17; inclusion criteria: PPVT-4 or
CELF-P2 of 70–130; preschool; all
English-speaking children; included
children from low-income families

Repeated acquisition single-case
experimental design; 9 weeks

36 words
Tier 2 vocabulary

Expressive definition task: Children
respond to open-ended definition
question.

Seven et al.
(2020)

N = 23; inclusion criteria: PPVT-4 and/or
CELF-P2 0–1.5 SDs below mean;
preschool; all English-speaking children;
included children from low-income
families

Repeated acquisition and adapted
alternating treatment single-case
experimental design; 11 weeks

32 words
Tier 2 vocabulary

Expressive definition task: Children
respond to open-ended definition
question.

Dennis & Whalon
(2021)

N = 6; inclusion criteria: teacher
identification and PLS-5 total language
score below 35th percentile; preschool;
all English-speaking children

Repeated acquisition single-case
experimental design; 8 weeks

48 words
Tier 2 vocabulary

Expressive definition task: Children
respond to open-ended definition
question; follow-up questions for
example and demonstration.

Goldstein et al.
(2016)

N = 163; inclusion criteria: PPVT-4 of
78–85 (extended to 71–96 in some
classrooms); preschool; included
English language learners and children
from low-income families

Cluster randomized design;
comparison received Story
Friends without embedded
lessons; 26 weeks

36 words
Tier 2 vocabulary

Expressive definition task: Children
respond to open-ended definitional
question.

Kelley et al.
(2020)

N = 84; inclusion criteria: PPVT-4 and/or
CELF-P2 of 70–92; preschool; all
English-speaking children; Included
children from low-income families

Cluster randomized design;
comparison received Story
Friends without embedded
lessons; 13 weeks

36 words
Tier 2 vocabulary

Expressive definition task: Children
respond to open-ended definition
question.

Madsen
et al. (2022)

N = 84; inclusion criteria: PPVT-4 and/or
CELF-P2 of 70–92; preschool; all
English-speaking children; included
children from low-income families

Cluster randomized design;
comparison received Story
Friends without embedded
lessons; 13 weeks

36 words
Tier 2 vocabulary

Expressive definition task: Children
respond to open-ended definition
question.

(table continues)
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Table 1. (Continued).

Authors Participants
Design and

intervention length
Vocabulary
selection

Vocabulary
knowledge measure

Justice et al.
(2005)

N = 57; inclusion criteria: PALS-K score
below median for child’s school;
Kindergarten; all English-speaking
children; included children from
low-income families

Pre/post randomized experimental
design; BAU comparison
condition; 10 weeks

60 words
Tier 2 vocabulary

Expressive definition task: Children
respond to open-ended definitional
question; follow-up prompt to
provide synonym for target word.

Coyne et al.
(2010)

N = 124; kindergarten; included English
language learners

Pre/post quasi-experimental
design; BAU comparison
condition; 18 weeks

54 words
Tier 2 vocabulary

Expressive definition task: Children
respond to open-ended definitional
question; follow-up question with
target word in neutral context.

Neuman & Dwyer
(2011)

N = 178; voluntary; preschool; all
English-speaking children; included
children from low-income families

Pre/post quasi-experimental
design; BAU comparison
condition; 16 weeks

130 words
Tier 2 vocabulary and

“partially familiar” words

Expressive naming test: Children shown
picture cards and name each
picture.

Dickinson et al.
(2019); Study 2

N = 84; voluntary; preschool; included
English language learners and
children from low-income families

Within-subject design; BAU
comparison condition;
approximately 8 weeks

64 words
Selected based on previous

work of Biemiller (2010)
and Dickinson & Tabors
(2001)

Receptive task: Children select picture
of target word; choices were
correct referent, thematically related
foil, and conceptually related foil.

Zucker et al.
(2019)

N = 1,193; voluntary; preschool and
kindergarten (reported and analyzed
separately); included English language
learners and children from low-income
families

Posttest only experimental design;
BAU comparison condition;
26 weeks

227 words
Tier 2 vocabulary

Receptive task: Children select picture
of target word; choices were correct
referent and two foils.

Zucker et al.
(2021)

N = 167; voluntary; preschool; all dual
language learners (English and Spanish;
included children from low-income
families

Randomized control trial; BAU
comparison condition; 11 weeks

60 words
Tier 2 vocabulary
Intervention in Spanish

Receptive task: Children select picture
of target word; choices were correct
referent and two foils.

Note. PPVT-4 = Peabody Picture Vocabulary Test–Fourth Edition (Dunn & Dunn, 2007)); CELF-P2 = Clinical Evaluation of Language Fundamentals Preschool–Second Edition (Wiig
et al., 2004); Tier 2 vocabulary = from Beck et al. (2002); PLS-5 = Preschool Language Scales–Fifth Edition (Zimmerman et al., 2011); IGDI = Individual Growth and Development
Indicators (Bradfield et al., 2014); PALS-K = Phonological Awareness Literacy Screening–Kindergarten (Invernizzi et al., 2000); BAU = business as usual.
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each book was aggregated to get a PoGO value for each
case.

PoGO
^

bi ¼ PoGOi þ vbi þ ebi; (9)

where PoGO
^

bi is the estimated PoGO value for the Book
b for Participant i, PoGOi is the true PoGO value for Par-
ticipant i, vbi is the deviation of the true PoGO for Book
b for Participant i from the true PoGO for Participant i,
and ebi is the residual that accounts for the error in the
estimate introduced by the sampling of the observations.
The case-specific PoGO estimates were then aggregated as
before to obtain a PoGO estimate for the study.

For all 10 group experimental studies, a PoGO
value for the study was calculated using the posttest treat-
ment and control group means and standard deviations.
The control group’s posttest mean indicated the expected
level without intervention (α), and the treatment group’s
posttest mean indicated the level achieved during interven-
tion (β; Ferron et al., 2020). Again, the goal level γ was
set to the total possible number of points that the child
could earn in the vocabulary knowledge measure. The
standard errors for the GEDs were based on Equations 4
and 5, which assume random sampling. This approach
likely underestimated the standard errors for the three
GEDs based on cluster randomized controlled trials, a
limitation that we will return to in our discussion.

After obtaining a PoGO estimate for each study,
these values were then aggregated using similar meta-
analytic models, one to obtain a meta-analytic mean
PoGO value for the SCED studies, one for the GED stud-
ies, and one for all studies (see the second set of program-
ming code in the Appendix, for an example). Finally, we
used a mixed linear model to conduct a moderator analy-
sis, in which we examined whether the size of the effect
was moderated by the design type (see the third set of pro-
gramming code in the Appendix).

Data coding and analysis were completed by the
first and second authors. The third author independently
checked data entry and analysis for reliability. This
included returning to the original articles or data sets to
ensure data were extracted and entered into spreadsheets
appropriately and ensuring that formulas in Excel and
SAS were entered correctly. A few minor discrepancies
were noted and resolved in a meeting between the first
and third authors, resulting in 100% agreement.
Results

Study Characteristics

Table 1 provides a summary of the included articles.
The 16 articles included 17 studies with a variety of study
8 Journal of Speech, Language, and Hearing Research • 1–16
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designs, including GED (e.g., cluster-randomized, quasi-
experimental designs; n = 10) and SCED (i.e., repeated
acquisition single-case experimental designs: n = 4;
repeated acquisition with adapted alternating treatments
design: n = 2, multiple-baseline design across children:
n = 1). POGO values were calculated for each study, and
in the cases of Seven et al. (2020) and Dennis and Whalon
(2021), POGO values were calculated for each treatment
condition in the alternating treatments design. Thus, we
had 17 studies that provided 19 PoGO values. Sample
sizes ranged from four children in an SCED study to 1,193
children in a group design study. Many studies focused on
children with language abilities below age expectations
(n = 10), and many studies included participants from
varying backgrounds, including English language learners
(n = 6) and children from low-income households (n = 13).
Many studies recruited participants at the classroom
or district level and invited all children in those class-
rooms to participate. Other studies reported specific inclu-
sionary criteria for participants (e.g., children with con-
genital hearing loss and weak expressive vocabulary;
Bobzien et al., 2015). Studies examining the Story Friends
intervention generally reported inclusionary criteria: Chil-
dren were included based on their scores on the Peabody
Picture Vocabulary Test–Fourth Edition (Dunn & Dunn,
2007), the Clinical Evaluation of Language Fundamentals
Preschool–Second Edition (Wiig et al., 2004), or the Indi-
vidual Growth and Development Indicators (Bradfield
et al., 2014). Two other studies reported inclusion criteria
(Dennis & Whalon, 2021; Justice et al., 2005) using scores
on the Preschool Language Scales–Fifth Edition (PLS-5;
Zimmerman et al., 2011) and the Phonological Awareness
Literacy Screening–Kindergarten (PALS-K; Invernizzi et al.,
2000), respectively.

The approach to selecting vocabulary targets was
relatively consistent across all 17 studies. Most interven-
tions referred to the work of Beck et al. (2002, 2013) and
described vocabulary targets as “Tier 2” words. Tier 2
words, originally defined in Beck et al. (2002), refers to
high-utility words that are not common to children’s
everyday interactions, but are likely to be presented in
academic settings. Tier 2 words are hypothesized to be
important for preparing children to learn to read. Bobzien
et al. (2015) was a notable exception, as they included
both Tier 1 and Tier 2 words. The number of words
taught varied widely from 18 to 227 new words. Vocabu-
lary knowledge was most often assessed through an
expressive definition task in which children were asked to
verbally define words and were awarded points based on
complete, partial, or no knowledge of the target vocabu-
lary word. Other studies assessed vocabulary knowledge
using receptive tasks in which children were shown pic-
tures of the correct referent and foils and asked to select
the picture associated with the target word. Bobzien et al.
2022, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



(2015) used an expressive production task in which chil-
dren responded to open-ended questions designed to evoke
target words.

Effect Sizes

Table 2 summarizes the PoGO effect size values
obtained for each article. Recall that PoGO was calcu-
lated for each treatment condition, when applicable (i.e.,
the alternating treatments design in Seven et al. (2020). In
addition to each PoGO value, the standard error and con-
fidence interval limits also were calculated. Two studies
(Dennis & Whalon, 2021; Seven et al., 2020) contrasted
modifications in intervention delivery; thus, PoGO values
for each treatment are reported. An average PoGO value
also was calculated across all single-subject designs, all
group designs, and all studies.

For each SCED and GED study, the PoGO value,
standard error, and lower and upper confidence interval
limits are provided in Table 2. Figure 1 presents a graphic
summary of these data including the PoGO values and
confidence intervals for each study. The PoGO values
ranged from 14% to 93%. Confidence intervals were nar-
rower, indicating more precise estimates of PoGO, for
studies like Zucker et al.’s (2019) and Seven et al.’s (2020),
whereas somewhat wider intervals were found for Zucker
et al.’s (2021) and Dennis and Whalon’s (2021). This fig-
ure also includes the average PoGO value for each type of
study (SCED or GED), as well as an average across all
Table 2. PoGO results with standard errors and confidence interval limits

Authors PoGO

Spencer et al. (2012) 42.3
Bobzien et al. (2015) 93.6
Kelley et al. (2015)a 47.0
Greenwood et al. (2016) 31.5
Peters-Sanders et al. (2020) 47.4
Seven et al. (2020): Classwide review strategies 68.2
Seven et al. (2020): Story Friends only 36.3
Dennis & Whalon (2021): Application 42.2
Dennis & Whalon (2021): Teacher 28.5

All single case experimental designs 49.2
Kelley et al. (2015)a 49.2
Goldstein et al. (2016) 28.6
Kelley et al. (2020) 33.5
Madsen et al. (2022) 47.2
Justice et al. (2005) 14.4
Coyne et al. (2010) 33.1
Neuman & Dwyer (2011) 15.2
Dickinson et al. (2019) 27.5
Zucker et al. (2019) 33.6
Zucker et al. (2021) 41.7

All group experimental designs 30.8
All studies 40.0

Note. Recall that PoGO is a measure of Percent of Goal Obtained, typic
aKelley et al. (2015) is included in both categories due to the randomized
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studies. PoGO averaged across nine single-case treatments
was 49.2% with an SE of 7.26. PoGO averaged across 10
group design studies was 30.8% with an SE of 3.71.
PoGO averaged across all 18 studies was 40.0% with an
SE of 4.48.

To more formally examine the difference in average
PoGO values between the SCED and GED studies, we
conducted a moderator analysis, where design type was
entered as a predictor of the effect sizes in the mixed lin-
ear model. The difference was statistically significant, β =
−18.06, t(15) = −2.24, p = .041, which suggests that, on
average, a larger percent of the goal was obtained in the
SCEDs.
Discussion

First, we reported results of a method for estimating
standard errors for PoGO. Deriving the formulas for esti-
mating the standard errors was an important step in the
development of PoGO for the synthesis of literature
because these standard errors are essential in estimating
the confidence intervals for the PoGO effect size, in
weighting the PoGO values to determine a meta-analytic
mean, and in testing whether the effect is moderated by
other factors. We derived both a more general equation
for the PoGO standard errors (Equation 3) and a more
specific equation (Equation 6). The more specific equation
is limited to contexts with temporally stable within-phase
.

Standard error Lower limit Upper limit

5.61 29.4 55.3
1.91 87.5 99.6

10.2 23.6 70.4
5.86 18.0 45.0
7.38 31.7 63.0
4.74 58.3 78
5.66 24.6 48.1

10.1 16.4 68.1
7.25 9.91 47.2
7.26 31.4 66.9

10.1 27.8 70.5
5.46 17.9 39.3
4.40 24.8 42.3
5.14 36.9 57.4
3.21 7.93 20.8
3.12 27.0 39.2
3.59 8.13 22.2
6.55 14.5 40.5
2.57 28.6 38.6

15.4 11.6 71.9
3.71 22.4 39.2
4.48 30.5 49.5

ally ranging from 0% to 100%.

group design with embedded single-case experimental design.
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Figure 1. Percent of Goal Obtained and confidence interval for each study. SCED & SCD = single-case experimental design; GED & GD =
group experimental design; SF = Story Friends.
responding and independent observations. Both equations
are based on approximations to the standard error of a
ratio of normal variables derived by Dunlap and Silver
(1986). It will be important in future research (e.g., using
simulation methods) to index the quality of these approxi-
mations with various types of single-case data, which may
not be strictly normal. Our exploration of the applicability
of PoGO and its standard errors for SCEDs was limited
to a context where we made assumptions of temporal sta-
bility and independence and utilized Equation 6. Exten-
sions of this work to more complex scenarios involving
trends and/or autocorrelation where generalized least
squares or Bayesian methods would be used to estimate
10 Journal of Speech, Language, and Hearing Research • 1–16
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the quantities in PoGO and their error variances are
needed. Similarly, the standard errors we used for the
GED studies assumed simple random sampling. Future
research needs to extend the estimation of the error vari-
ances for the numerator and denominator of PoGO so
that the clustering of data in cluster randomized control
studies can be taken into account. Another future step in
the development of PoGO for research synthesis would be
to capitalize on the relationship between PoGO and
response ratios (see Ferron et al., 2020) to develop ways
to convert the results of meta-analyses conducted using
log response ratios on to the PoGO scale for interpreta-
tion and vice versa.
2022, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



The PoGO standard errors depend on the number
of observations and the variability in the observations.
For GED studies, the standard errors for PoGO will tend
to be smaller when the sample size is larger and the popu-
lation more homogeneous. For a single case from an
SCED study, the PoGO standard error will tend to be
smaller when there are more observations (i.e., a longer
series length) and less variation within a phase, and also
when there are more cases and less variation in the PoGO
values across these cases. For example, Zucker et al.
(2019) had a much larger sample size (N = 1,193) than
Zucker et al. (2021; N = 167), resulting in a smaller stan-
dard error. A similar pattern can be observed in the
SCED studies; Seven et al. (N = 23; 2020) had both a
larger sample size and a smaller standard error than
Dennis and Whalon (N = 6; 2021). In addition, in the
multiple-baseline study (Bobzien et al., 2015), the number
of observations per case was greater than in the other
SCEDs plus the PoGO values were almost the same for
each case, leading to a relatively small standard error for
that study. Other study characteristics, such as the popu-
lation of participants and the components of the inter-
vention, may introduce variation in study outcomes and,
thus, increase the standard error. For example, Zucker
et al. (2021) examined the effects of a shorter, condensed
version of the intervention used in Zucker et al. (2019),
and enrolled English language learners in bilingual class-
rooms; these factors may have contributed to variability
in children’s learning in intervention and resulted in the
higher standard error.

Second, we explored the applicability of PoGO and
the confidence intervals, derived from standard errors, to
synthesize a combination of SCED and GED studies that
examined explicit vocabulary interventions. As you can
see in the forest plot in Figure 1, there is a great deal of
overlap in PoGO and confidence intervals among studies.
There is one study with a particularly high PoGO estimate
(Bobzien et al., 2015), where the confidence interval is
outside the average PoGO and associated confidence
interval for SCED studies. The high value for this study
may be attributed to intervention characteristics (i.e.,
teaching Tier 1 and Tier 2 words and common phrases, as
opposed to just Tier 2 words) or the measurement
approach (i.e., children were asked to produce target
words, as opposed to provide definitions). As well, the
Bobzien study was the only multiple-baseline study
included in our analysis; it may be that this higher PoGO
value is related to a study design that extended interven-
tion until a mastery criterion was met. Across studies,
POGO effect sizes were generally larger when treatments
were more intense. For example, in Seven et al. (2020),
POGO was higher when words were taught with both
small-group intervention and classwide review. In compar-
ison, the two studies with low PoGO estimates (Justice
Downloaded from: https://pubs.asha.org University of South Florida on 12/08/
et al., 2005; Neuman & Dwyer, 2011) provided less
intense explicit instruction on target vocabulary words
than other studies, which may account for their smaller
PoGO values. Looking across SCED and GED studies,
we see considerable overlap in the confidence intervals,
but the average PoGO for the SCED studies (49.2) was
larger than the average value from the GED studies (30.8),
as shown in the moderator analysis. Overall, it appears that
PoGO is readily applicable to both SCED and GED and
offers some transparency in interpreting results as per mas-
tery of the vocabulary words being taught.

Although differential effects are difficult to detect
with a small literature base, it may be possible to explore
hypothesized differences in PoGO that may be attributed
to contrasting interventions or outcome measures. For
example, one might hypothesize that teaching more words
concurrently may have deleterious effects once the number
overly taxes children’s memory. One might hypothesize
that instruction that adds a home practice component
results in more vocabulary learning, reflected in a higher
PoGO value. It is unclear how PoGO values compare
when a receptive vocabulary measure with a higher chance
pretest is contrasted with an expressive naming vocabulary
measure. PoGO is likely to have value for conducting
meta-analytic reviews for a variety of behavioral phenom-
ena. Few preschool children master all the challenging
new vocabulary words introduced in these explicit teach-
ing experiments. Other behavioral phenomenon might be
maximized to a greater extent, for example, interventions
to curtail aggressive behavior or interventions to teach
math concepts. Exploring the applicability of PoGO as a
transparent measure of effects applicable to both single-
case and group design experiments awaits further
research.

For PoGO to be calculated from either SCED or
GED studies, three items need to be available: (a) the
expected value of the outcome in the absence of interven-
tion, (b) the obtained value of the outcome during inter-
vention, and (c) the goal level for the behavior. In single-
case designs that have baselines and in group designs that
have a control group, the expected value of the outcome
in the absence of intervention is readily available (e.g., the
mean of the control group for group designs, or the mean
baseline values for single-case designs). However, PoGO
cannot be calculated when the design does not provide
such information. For example, PoGO could not be calcu-
lated for an alternating treatment design that rapidly alter-
nates between Treatment A and B, with no initial baseline
phase and no inclusion of the baseline condition in the
alternating sequence. Similarly, PoGO cannot be calcu-
lated without a control group or pretest data in GED
studies, which is why a few studies initially identified for
this analysis were excluded. Also needed to compute
PoGO is the obtained value of the outcome during
Patrona et al.: PoGO Effect Size Metric 11
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treatment, something that is readily available for interven-
tion studies (e.g., the posttreatment mean in a group study
or the intervention values from a single-case study).

Finally, the goal value is needed. However, goal
values are not always explicitly reported. We recommend
that researchers regularly report the goal of their interven-
tion, because doing so aids in the interpretation of the
effects within a particular study and facilitates the synthe-
sis of effects across studies using PoGO. In syntheses of
single-case and group design studies using PoGO, it is crit-
ical that the goal value is comparable across studies (e.g.,
the goal of both the single-case and group design studies
is 100% mastery of vocabulary words). Methods for set-
ting goals for PoGO include using the ideal outcome
across cases and studies (e.g., 100% mastery, 0% problem
behavior) or using a standard normative value derived
from the behavior of typically developing peers (see
Ferron et al., 2020, for further elaboration of these
methods). It would not be appropriate for the goal value
to vary from case to case or from study to study based on
researcher’s judgments about a reasonable goal for a par-
ticular case, because different judgments would introduce
noncomparability in the effect size estimates.

In conclusion, PoGO has the potential to add more
transparency to effect size measures. Interventions are typ-
ically undertaken to improve or optimize behavior or
learning. Among individuals with substantial deficits,
interventions may result in large effects on measures of
standardized mean differences. However, that should not
be interpreted as evidence that one has achieved changes
that ameliorate deficits and that performance of a sample
of individuals receiving treatment now presents as normal.
PoGO has the potential to capture the extent of behavior
change in a way that can be related more directly to such
a standard or a goal. Moreover, the addition of standard
error calculations advances our ability to aggregate meta-
analytic findings across studies GED and SCED studies
using a common metric. PoGO holds promise as a useful
effect size measure that is worthy of further application
and investigation.
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Appendix (p. 1 of 3)

Three Sets of SAS Programming Code

First set of programming code: SAS code used to calculate an average PoGO value for each SCED study.
data spencer2;
input partid PoGO EV;
PoGO = PoGO / 100;
datalines;
1 33.33333333 0.0086805555
2 50 0.0138888888
3 46.875 0.007672991
4 58.82352941 0.018496264
5 44.44444444 0.011766975
6 14.70588235 0.010886750
7 72.22222222 0.014660493
8 36.11111111 0.015817901
9 27.77777778 0.021604938
;
proc mixed data = spencer2 covtest;
class partid;
model PoGO = / solution ddfm = bw notest clm;
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Appendix (p. 2 of 3)

Three Sets of SAS Programming Code
random int / sub = partid;
repeated / group = partid;
parms (0.1)
(0.0086805555) (0.0138888888) (0.007672991) (0.018496264) (0.011766975)
(0.010886750) (0.014660493) (0.015817901) (0.021604938)
/ eqcons = 2 to 10;
run;

Second set of programming code: SAS code used to calculate an average PoGO value for all SCDs, all GEDs, and all studies.
data all;
input studyid partid PoGO EV design augment;
PoGO = PoGO / 100;
datalines;
1 1 42.33 0.0031427236 0 0
2 1 47.02 0.01030225 0 0
3 1 31.5357 0.00343255 0 0
4 1 47.37 0.0054493924 0 0
5 1 68.17 0.0022505526 0 1
5 2 36.31 0.0032012964 0 0
6 1 42.23 0.01014049 0 1
6 2 28.54 0.0052519009 0 0
7 1 49.186 0.01022925 1 0
8 1 28.571 0.002979751 1 0
9 1 33.53 0.00194022 1 0
10 1 47.166 0.002638063 1 0
11 1 14.35 0.001030567 1 0
12 1 33.116 0.00097471 1 0
13 1 15.161 0.00128647 1 0
14 1 27.5 0.004287358 1 0
15 1 33.601 0.000660721 1 0
16 1 41.743 0.023705124 1 0
;
data groupstudies;
set all;
if design = 1;
proc mixed data = groupstudies covtest;
class studyid;
model PoGO = / solution ddfm = bw notest cl;
random int / sub = studyid;
repeated / group = studyid;
parms (0.1)
(0.01022925) (0.002979751) (0.00194022) (0.002638063) (0.001030567)
(0.00097471) (0.00128647) (0.004287358) (0.000660721) (0.023705124)
/ eqcons = 2 to 11;
run;
data scdstudies;
set all;
if design = 0;
proc mixed data = scdstudies covtest;
class studyid partid;
model PoGO = / solution ddfm = bw notest cl;
random int / sub = studyid;
random int / sub = partid(studyid);
repeated / group = partid(studyid);
parms (0.1) (0.1)
(0.0031427236) (0.01030225) (0.00343255) (0.0054493924) (0.0022505526)
(0.0032012964) (0.01014049) (0.0052519009)
/ eqcons = 3 to 10;
run;
data studies;
set all;
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Three Sets of SAS Programming Code
proc mixed data = all covtest;
class studyid partid;
model PoGO = / solution ddfm = bw notest cl;
random int / sub = studyid;
random int / sub = partid(studyid);
repeated / group = partid(studyid);
parms (0.1) (0.1)
(0.01022925) (0.002979751) (0.00194022) (0.002638063) (0.001030567)
(0.00097471) (0.00128647) (0.004287358) (0.000660721) (0.023705124)
(0.0031427236) (0.01030225) (0.00343255) (0.0054493924) (0.0022505526)
(0.0032012964) (0.01014049) (0.0052519009)
/ eqcons = 3 to 20;
run;

Third set of programming code: SAS code used to conduct a moderator analysis.

data all;
input studyid partid PoGO EV design augment;
PoGO = PoGO / 100;
datalines;
1 1 42.33 0.0031427236 0 0
2 1 47.02 0.01030225 0 0
3 1 31.5357 0.00343255 0 0
4 1 47.37 0.0054493924 0 0
5 1 68.17 0.0022505526 0 1
5 2 36.31 0.0032012964 0 0
6 1 42.23 0.01014049 0 1
6 2 28.54 0.0052519009 0 0
7 1 49.186 0.01022925 1 0
8 1 28.571 0.002979751 1 0
9 1 33.53 0.00194022 1 0
10 1 47.166 0.002638063 1 0
11 1 14.35 0.001030567 1 0
12 1 33.116 0.00097471 1 0
13 1 15.161 0.00128647 1 0
14 1 27.5 0.004287358 1 0
15 1 33.601 0.000660721 1 0
16 1 41.743 0.023705124 1 0
;
proc mixed data = all covtest;
class studyid partid;
model PoGO = design / solution ddfm = bw notest cl;
random int / sub = studyid;
random int / sub = partid(studyid);
repeated / group = partid(studyid);
parms (0.1) (0.1)
(0.01022925) (0.002979751) (0.00194022) (0.002638063) (0.001030567)
(0.00097471) (0.00128647) (0.004287358) (0.000660721) (0.023705124)
(0.0031427236) (0.01030225) (0.00343255) (0.0054493924) (0.0022505526) (0.0032012964) (0.01014049)
(0.0052519009)
/ eqcons = 3 to 20;
run;
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