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Abstract: The main purpose of this study was to review pivotal response training and examine the efficacy of
pivotal response training for children with autism spectrum disorder. The other purposes of study were to (a)
examine the characteristics of participants and components of the intervention in which pivotal response
training was used; (b) determine the level of efficacy of pivotal response training to teach various behaviors to
children with autism spectrum disorder; (c) delermine whether the effectiveness of pivotal response training
differed in terms of characteristics of the intervention; and (d) determine whether percentage of nonoverlapping
data, percentage of nonoverlapping corrected data, and percentage of data points exceeding median were
correlated. In this study, 34 single case research articles conducted with individuals with autism spectrum
disorder and published in a peer-reviewed journal in between 1979-2012 were examined. Articles primarily
were descriptively analyzed and then examined by use of meta-analysis. According to results, in half of the
studies, treatment integrity was assessed, generalization and maintenance data were collected; in only a quarter
of the studies, social validity data were collected. Pivotal response training that focused on two of the three core
Jeatures of autism spectrum disorder were found effective in influencing individual outcomes. Results also
indicated that percentage of nonoverlapping data, percentage of nonoverlapping corrected data, and percentage

of data points exceeding median were correlated.

One of the evidence-based interventions used
to teach individuals with autism spectrum dis-
order (ASD) is pivotal response training
(PRT). PRT (also referred to as pivotal re-
sponse teaching, pivotal response treatment,
pivotal response therapy, or pivotal response
intervention in the literature) is a form of
naturalistic behavioral intervention based on
the principles of applied behavior analysis,
which assume that children’s impairments can
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be improved with environmental manipula-
tions such as reinforcement, consequences,
and extinction (Koegel, Koegel, & Carter,
1999; Stahmer, Suhrheinrich, Reed, Bolduc,
& Schreibman, 2010). PRT was developed to
facilitate generalization, increase spontaneity,
reduce prompt dependency, and increase mo-
tivation (Suhrheinrich, 2010). Specific com-
ponents of PRT include providing clear and
appropriate cues, allowing the child to choose
an activity and make choices within an activity,
turn-taking, interspersing maintenance tasks
with acquisition tasks, reinforcing the child’s
attempts, responding to multiple cues, and
providing contingent reinforcement directly
related to the child’s response (Koegel, Koe-
gel, & McNerney, 2001).

The basic premise of PRT is that changes in
certain pivotal areas of behavior will trigger
changes in other behavioral areas (Koegel et
al., 2001). These pivotal areas are motivation,
responsivity to multiple cues, self-manage-
ment, and self-initiations (Koegel & Koegel,
2006, 2012; Koegel, Koegel, Shoshan, & Mc-
Nerney, 1999). According to PRT, these skills
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are pivotal because they are the foundational
skills enabling learners with ASD to make
widespread and generalized improvements in
many other areas (National Professional De-
velopment Center on Autism Spectrum Disor-
ders, 2012).

Numerous research studies support the ef-
fectiveness of PRT. PRT improved several lan-
guage functions, including speech imitation
(Laski, Charlop, & Schreibman, 1988), label-
ing (Koegel, Camarata, Valdez-Menchaca, &
Koegel, 1998), asking-questions (Koegel, Ca-
marata, Koegel, Ben-Tall, & Smith, 1998),
spontaneous speech (Laski et al., 1988), and
conversational communication (Koegel, et al.,
1998). PRT has been adapted for use in teach-
ing social skills including self-initiations (Koe-
gel, Carter, & Koegel, 2003), joint attention
(Whalen & Schreibman, 2003), sociodramatic
play (Thorp, Stahmer, & Schreibman, 1995),
peer social interaction (Pierce & Schreibman,
1997), and academic skills (Koegel, Singh, &
Koegel, 2010). PRT has also been used to
decrease problem behaviors (Baker- Ericzén,
Stahmer, & Burns, 2007).

Examining the PRT studies to date reveals
that three reviews have been conducted, but
no meta-analyses. The purpose of the first re-
view (Masiello, 2007) was to determine the
effectiveness of PRT to improve the social-
emotional and communicative behavioral out-
comes of children with ASD. For this purpose,
13 research studies published between 1988
and 2003 were descriptively analyzed. It was
reported that PRT was effective in improving
the social-emotional and communicative be-
havioral outcomes of children with ASD. The
second review (Bozkus-Genc & Vuran, 2013)
was a qualitative document analysis of the dif-
ferent variables in 23 studies published from
1987 to 2011 in which PRT was used to teach
social skills to children with ASD. Once again,
PRT was reported to be effective for teaching
social skills to children with ASD. In the third
review (Toper-Korkmaz & Diken, 2013), 16
studies published from 1995 to 2011 using
PRT were examined descriptively. PRT was
indicated as an effective method to teach ex-
pressive language skills, social skills, and play
skills. Although PRT was suggested as an ef-
fective method in the aforementioned re-
views, quantitative data regarding the signifi-
cance of the functional relationship, which

might show the effectiveness of PRT, were not
reported. Effect size calculations must be in-
cluded to describe the effectiveness of an in-
tervention in a clear and explicit way (Kazdin,
1982). Therefore, it is important to include
effect size calculations in studies to examine
the effectiveness of PRT in individuals with
ASD.

Several computational methods have been
proposed to calculate effect size in single
case research (SCR) studies (Wolery, Busick,
Reichow, & Barton, 2010). The most widely
used methods to calculate effect sizes in SCR
studies are either regression or non-regres-
sion-based (Olive & Franco, 2007; Olive &
Smith, 2005; Wendt, 2009). Several studies
have examined the relationship between re-
gression and non-regression-based effect size
calculations (e.g., Olive & Smith, 2005; Parker
& Hagan-Burke, 2007; Wolery et al., 2010).
However, researchers still debate which calcu-
lation method should be used. Percentage of
nonoverlapping data (PND) is the oldest and
most widely used effect size calculation
method (Mastropieri & Scruggs, 1985-1986;
Parker, Vannest, & Davis, 2011; Scruggs, Mas-
tropieri, & Casto, 1987; Scruggs, Mastropieri,
Cook, & Escobar, 1986); however, it does not
have sufficient sensitivity (Faith, Allison, &
Gormann, 1996). If there is a very high data
point in the baseline level, the intervention
may seem to be ineffective even though it is
effective. Conversely, if there is even a very
small increase in the baseline data, the inter-
vention may appear to be effective even
though it is ineffective (Faith et al., 1996). In
order to eliminate these limitations of PND,
percentage of nonoverlapping corrected data
(PNCD) and percentage of data points ex-
ceeding the median (PEM) were developed.
PNCD suggests a data correction process be-
fore calculating the PND in order to separate
the possible trend from the data before the
intervention (Manolov & Solanas, 2009). PEM
is based on the assumption that the median
best summarizes the data in the baseline level
(Ma, 2006). Even though many studies have
examined the PND and PEM calculations
(Parker & Hagan-Burke, 2007; Wolery et al.,
2010), only a limited number of them has
been conducted on PNCD (Manolov & Sola-
nas, 2009). Therefore, it is necessary to exam-
ine whether PNCD is consistent with other
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methods based on overlap. The purpose of
this study was to examine the efficacy of PRT.
Thus, in the present study, it was sought an-
swers to the following questions: (a) what are
the characteristics of the participants and
components of the intervention in which PRT
was used? (b) what is the level of the effective-
ness of PRT with regard to teaching various
behaviors to children with ASD? (c) does the
effectiveness of PRT differ in terms of the
characteristics of the intervention? (d) are
the PND, PNCD, and PEM effect size calcula-
tions correlated?

Method

Study Identification

A comprehensive literature review was con-
ducted in order to identify the research stud-
ies that would be included in the meta-analy-
sis. Five different methods were used to
identify the studies: searching the related
terms in the subject indexes, searching the
thesis databases, footnote chasing, hand
searching, and consulting with researchers.
One method used to identify the studies was
to search certain keywords in the subject in-
dexes in online databases. The online data-
bases that we searched are given in alphabet-
ical order, as follows: Academic Search
Complete, Cambridge Journals Online,
Ebrary, Oxford Journals Online, Psychology
and Behavioral Science, Sage Journal, Science
Direct Journals, SocINDEX with Full Text,
Springer LINK Contemporary, Taylor and
Francis Journals, Wiley Black, and Wilson Se-
lect Plus. As articles for studies in education,
psychology, and sociology most commonly ap-
pear in these databases, the abovementioned
databases were preferred for the literature re-
view. In addition, Google Scholar was used to
search for studies. Keywords such as natural
language paradigm (NLP), pivotal response
teaching, pivotal response training, pivotal re-
sponse treatment, pivotal response therapy,
pivotal response intervention, and PRT and
the combination of these terms with autism,
initiation, self-initiation, joint attention, moti-
vation, empathy, response to multiple cues,
social skills, communication skills, and play
skills were used.

The second method employed was to search

the thesis databases. Proquest Dissertations
and Theses database was reviewed to obtain
information not available through the other
sources. The same key words as detailed in the
paragraph above were used to search the on-
line databases. Dissertation abstracts, which
matched these key words, were then reviewed
manually to determine whether they met the
inclusion criteria. The references sections of
related theses were examined. The third
method for locating studies was footnote chas-
ing (or backward chaining), which included
an examination of the references in articles of
related research studies. The reference lists of
books and articles of interest were examined,;
this led to the rapid identification of the pri-
mary studies. The fourth method used to iden-
tify studies was hand searching. This proce-
dure enabled the search for articles that had
just been published and, therefore, were not
yet included in the online databases. So, hand
searches examined to additional studies. The
fifth method used to identify articles involved
consultations with researchers. After complet-
ing the search of the online databases, we
requested the full text of the articles for which
only summaries had been obtained from the
authors or institutions (e.g., articles not found
in the online databases, research reports
not obtainable through other means). We
emailed researchers and institutions to re-
quest papers, including research studies re-
lated to instructional practices in PRT and
those conducted with children with ASD. In
addition to the abovementioned methods, we
reviewed the table entitled “Empirical Sup-
port for Pivotal Response Treatment” on the
University of California Santa Barbara (UCSB)
Koegel Autism Center web page. This table
consists of the core research studies con-
ducted from 1979 to 2010 on the pivotal area
of motivation and initiations.

The literature review and the abovemen-
tioned methods yielded a pool of 69 studies.
The summary of each of the studies was ex-
amined. Next, we scanned and skimmed the
full text of each of the papers. Scanning and
skimming revealed that four of the studies
(6%) were qualitative, 11 (16%) were infor-
mative articles and reviews, and 54 (78%)
were experimental studies. The experimental
studies (54 research papers) were examined
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in detail based on the inclusion criteria listed
in the following section.

Inclusion and Exclusion Criteria

The studies to be included in this meta-anal-
ysis met the following criteria: (a) the study
was published in a peer-reviewed journal from
1979 to 2012; (b) the article was written in
English; (c) the participants in the study were
1-13 years of age and diagnosed with ASD; (d)
the effectiveness of PRT was examined in the
study; (e) one of the SCR designs was used in
the study; (f) the effect of the independent
variable was shown by a line graph; and (g)
there was at least one data point in the base-
line phase and the intervention phase.

The inclusion criteria were chosen for spe-
cific reasons. First, since the first study on PRT
was published in 1979, studies conducted
since 1979 were included. Second, articles
written in English were included because Eng-
lish is the international scientific language,
and it is easier to access articles written in
English. Third, almost all of the studies exam-
ining the effectiveness of PRT were conducted
with children with ASD in the range of early
childhood to the middle school years; there-
fore, we included studies of children with ASD
from 1 to 13 years old. Fourth, most of the
studies employed a SCR design. Because the
inclusion of group experimental designs with
SCR designs in meta-analysis studies might
generate inaccurate results. Thus, studies only
conducted with SCR design were included in
this study. Line graph is used in a widespread
manner in the single subject designs. Because
in the other graphs (e.g., bar, column) are
only shown average phase values. So, these
graphs do not give information especially in
the event of leaps or fluctuations in the data
points. For this reason, studies using line
graph were included. Last, in order to calcu-
late effect sizes and to examine the functional
relationship between the baseline and inter-
vention phases, the articles that reported at
least one data point in both the baseline and
intervention phases were included.

Twenty studies were excluded from this
meta-analysis. Two articles that included
teaching families or paraprofessionals to use
PRT and examining the degree of their use of
PRT were excluded. Ten articles based on

group experimental designs were excluded.
One article was excluded in which the AB
design did not allow for the formation of a
functional relationship between the indepen-
dent and the dependent variable. Two studies
that used an ABC design and comparison-
based alternating treatment designs were ex-
cluded. One article that did not include data
points in the baseline phase was excluded.
Four articles were excluded in which the ef-
fects of the independent variable were dem-
onstrated in column chart rather than a line
graph. A final total of 34 research studies pub-
lished in 12 different journals were included
in the meta-analysis. The list of research stud-
ies included in this meta-analysis can be ob-
tained from the authors.

Coding Procedure

In coding procedure, first, the file of articles
was created, all the articles were carefully read
and summarized in a Microsoft Office Word®
file. Then, a coding key and manual that ex-
plained how to code the studies were pre-
pared by the authors following the coding
systems used by Horner et al. (2005) and
Odom et al. (2010). Taking into account this
coding key and manual, each article was
coded into a Microsoft Office Excel® file by
the first author. Studies were coded in the
following terms: (a) the study tag (article
number, author name, year published, and
the journal name); (b) participant character-
istics (diagnosis, mean age, and gender); and
(c) intervention characteristics (settings, in-
structional modification, intervener, research
model, dependent variable, inter-observer re-
liability, treatment integrity, progress, follow-
up, generalization, and social validity).

Key considerations were taken into account
while the articles were coded. First, the mean
age of the participants was calculated by con-
verting the age into months (e.g., 6 years 4
months = 76 months), summing the ages of
all of the participants, and dividing the sum by
the number of participants; this mean value
was coded into the coding key. Participant
gender was coded as described in the article.
However, if the gender of the participants was
unclear, the entire article was scanned and
statements of gender were taken into account
when gender was coded. The study setting was
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coded as clinic, school, home, community set-
ting, or unspecified. The intervener was coded
as expert, family, peer, or other. The research
models were coded as multiple baseline de-
signs, ABA design, or ABAB design. The de-
pendent variables were coded as communica-
tion and interaction skills, social skills, play
skills, academic skills, or multiple skills. Prog-
ress, follow-up, generalization, inter-observer
reliability, treatment integrity, and social valid-
ity were coded as either available or not avail-
able.

Effect Size Calculations

In order to indicate the effectiveness of the
SCR designs, the baseline and the interven-
tion phases were compared by visual analysis,
and effect size was calculated. Visual analysis
involves reaching a conclusion about the ef-
fects of various independent variables on de-
pendent variables by visually examining the
graphed data. Meaningful changes in the de-
pendent variable should be apparent when
displayed graphically, and emphasis is placed
on the believability of the observed change
behavior (Poane, Rihgdahl, Kelley, & Glover,
2011). Effect sizes were calculated using the
following three methods: PND (Scruggs et al.,
1987), PNCD (Manolov & Solanas, 2009), and
PEM (Ma, 2006). Because a variety of SCR
designs were represented in this meta-analysis,
different strategies were identified in order to
calculate effect size metrics. The effect sizes
for the various SCR designs were calculated as
follows. For the ABA design, effect size was
calculated for the baseline and intervention
phases for each of the participants (A, and
B,). For the ABAB design, effect size was cal-
culated for the first baseline and first interven-
tion and for the second baseline and second
intervention phases for each of the partici-
pants (A, and B,. A, and By). For the multiple
baseline design, effect size was calculated for
each of the behaviors; then, the individual
scores were averaged to obtain the average
score for the study.

In order to calculate the PND score, a line
parallel to the horizontal axis is drawn from
the highest data point in the baseline
throughout the intervention phase. For ap-
propriate and inappropriate behaviors, the
number of data points above and below this

line, respectively, are divided by the total num-
ber of data points in the intervention phase,
and then multiplied by 100 (Scruggs & Mas-
tropieri, 1998). PND scores range from 0 to
100, and can be interpreted using the conven-
tions established by Scruggs et al. (1986). PND
scores >90, 70-79, 50-69, and <50 represent
highly effective, fairly effective, questionable,
and ineffective treatments, respectively (Scruggs
& Mastropieri, 1998, 2001). In order to calculate
PND scores, the graphs of each of the studies
were digitally saved, then enlarged and printed.
In total, 295 PND scores were calculated.
PNCD is a data correction procedure to be
implemented prior to calculating the PND.
The main aim of the PNCD is to eliminate a
possible pre-existing data trend unrelated to
the introduction of the intervention (Manolov
& Solanas, 2009). In order to calculate PNCD
scores, a difference series is obtained by sub-
tracting the previous data point from every
data point at the baseline level (n,-1). The
mean of these newly computed values are cal-
culated. Having calculated the mean, the
trend correction factor for each of the data
points is computed by multiplying the mean
of the difference series by the order of the
data point. After calculating the correction
factors, a data correction process is applied
that includes subtracting these correction fac-
tor scores from the original data points. After
this correction is performed, a PND is calcu-
lated using the new data points. No score
system exists to interpret the PNCD scores.
Therefore, a PND score system was used to
interpret the PNCD scores in this study. Since
electronic copies of 32 of the 34 articles were
obtained before calculating a PNCD, hard
copies of the articles were converted to soft
copies by a digital scanner. The graphics of
the soft copies of the articles were saved as
pictures in JPEG format by using Adobe Acro-
bat 9 Pro software. Saved as pictures, the
graphics were named according to their order
of appearance in the article and given their
final forms by editing them with Microsoft
Office Picture Manager 2010 software. The
second author performed this process. Using
Plot Digitizer 2.5 for MacOS digitized the
soft copy graphics. Plot Digitizer is a Java
program used to digitize scanned plots of
functional data (http://plotdigitizer.source-
forge.net). New graphics were drawn for
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each of the participants and variables using
the digitized data. These new graphics were
visually compared with the original ones and
found to be nearly identical in all cases. In
total, 284 PNCD scores were calculated us-
ing the digital data. For one of the articles,
the graphics could not be viewed with Plot
Digitizer. Therefore, its data points could
not be digitized. Consequently, for that ar-
ticle, a PNCD score was not calculated.

The PEM metric is computed by calculating
the percentage of the treatment data points
that do not overlap with the median baseline
data point (Ma, 2006, 2009). In order to cal-
culate a PEM, a horizontal line to the x-axis is
drawn from the median of the data points in
the baseline phase throughout the interven-
tion phase. For appropriate and inappropriate
behaviors, the number of data points above
and below this line, respectively, is divided by
the total number of data points in the inter-
vention phase, resulting in the PEM score.
PEM scores range from 0 to 1. PEM scores
.90-1.0, .70-.89, and <.70 represent very ef-
fective, moderately effective, and questionable
or ineffective treatments, respectively (Wendt,
2009; Wolery et al., 2010). PEM scores were
multiplied byl00 in this study in order to ob-
tain scores in percentages. To calculate PEM
scores, the graphs of the studies were digitally
saved, enlarged, and printed. In total, 295
PEM scores were calculated.

Correlation Analysis

IBM SPSS Statistics 21.0 for MacOS was used
to compute Pearson’s correlation coefficients
in order to examine the degree and direction
of the relationship among the three different
effect size calculation methods. To examine
the individual effects of studies rather than
using the average effect size for each study,
every effect size calculated was used to calcu-
late the correlation coefficient. A total of 284
effect sizes were used to calculate the correla-
tion coefficient. Even though 295 effect sizes
were calculated in this study, since the data
points in two of the figures could not be dig-
itized and PNCD scores could not be calcu-
lated, PND and PEM scores for these figures
were excluded. Thus, for each of the calcula-
tion methods, 284 effect size scores were used.
We used a total of 852 effect size scores.

Reliability

In this meta-analysis, inter-rater reliability was
assessed, both for the coding process and the
effect size calculations, by the second author.
Of all the studies, 14 (41%) were randomly
selected for an inter-rater reliability assess-
ment; the second author coded these studies.
Next, the data coded by the first and the sec-
ond authors were listed and every category was
compared. Inter-rater reliability was obtained
by a point-by-point ratio between the first au-
thor and the second author (Wolery, Bailey, &
Sugai, 1988). There were 326 agreements and
34 disagreements. The inter-rater reliability
was 95.1%.

To compute inter-rater reliability for the
PND and PEM scores in all of the studies, the
PNCD scores of 11 of the studies (30%) were
chosen. Since PNCD decreases the probability
of errors in mathematical calculations, only
30% of the research studies were selected to
assess the inter-rater reliability of PNCD. The
calculations of the first author were compared
with those of the second author. For PND
calculations, there were 289 agreements
(97.6%) 6 disagreements. For the PEM calcu-
lations, there were 294 agreements (99.6%)
and 1 disagreement. For the PNCD calcula-
tions, there were 80 agreements (100%).

Results

Results for the participant and intervention
characteristics are summarized in Table 1. As
shown in Table 1, most of the studies (32.3%)
were published from 2009 to 2012. The ma-
jority (44.1%) was published in journals re-
lated to ASD. As listed in Table 1, there were
125 participants in total across the 34 studies.
107 (85.6%) were diagnosed with ASD, eight
(6.4%) were diagnosed with pervasive devel-
opmental disorder (PDD), and 10 (8%) had
comorbid disabilities with ASD. The mean age
of all of the participants was 4 years, 8 months
(range = 2 years, 5 months to 12 years, 8
months). In two studies (5.9%) the mean age
of the participants was 1-3 years, in 21 studies
(61.8%) it was 3—6 years, in eight studies
(23.5%) it was 6-9 years, and in three stu-
dies (8.8%) it was >9 years. Moreover, 89 of
the participants (71.2%) were male, 26
(20.8%) were female; for 10 studies (8%),
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TABLE 1

Summary of Participant and Intervention

Characteristics

Participant Characteristics f %
Diagnosis
ASD 107 85.6
ASD and additional disabilities 10 8
Pervasive Developmental 8 6.4
Disorder
(n=125)* (2 100)
Age
0-3 years 14 5.9
3-6 years 75 61.8
6-9 years 31 23.5
9 years and over 5 8.8
(n=125)* (2 100)
Gender
Male 89 71.2
Female 26 20.8
N/A 10 8
(n=125)* (Z 100)
Intervention Characteristics
Setting
Multiple 15 44.1
Clinic 9 26.4
School 5 14.7
Home 3 8.9
Community 2 5.9
(n = 34)** (X 100)
Instructional Arrangement
One to one 26 76.5
Small group 3 8.8
N/A 5 14.7
(n = 34)** (% 100)
Intervener
Professional (researcher/ 13 38.2
clinician/therapist/teacher)
Parent/caregiver 8 23.5
Student (undergraduate/ 6 17.6
graduate student)
Peer 4 11.7
Multiple 3 9
(n = 84)** (3 100)
Design
Multiple baseline 29 85.3
ABAB 4 11.8
ABA 1 2.9
(n = 34)*= (3 100)
Dependent Variable
Language and communication/ 15 44.1
interaction skills
Multiple skills 11 32,5
Social skills 4 11.7
Play skills 3 8.8
Academic skills 1 2.9
(n = 34)*= (% 100)
Reliability
Inter-observer reliability 34 100
Treatment integrity 15 44.1

TABLE 1—(Continued)

Intervention Characteristics f %

Maintenance, Generalization, and

Social Validity
Maintenance 15 44.1
Generalization 21 61.7
Social validity 8 23.5

J: Frequency.
%: Percentage.
n: Number of studies.
* Total number of subjects.
*# Total number of research studies.

information regarding gender was not in-
cluded.

The settings were multiple in 15 of the stud-
ies (44.1%), clinic in nine (26.4%), school in
five (14.7%), home in three (8.8%), and com-
munity settings in two (5.8%). PRT was pre-
sented through one-to-one instruction in 26 of
the studies (76.5%), and through small group
instruction in three of the studies (8.8%). In
five of the studies (14.7%), no information
was provided regarding the instructional ar-
rangement. PRT was presented by profession-
als (clinicians, therapists, or teachers) in 13 of
the studies (38.2%), by families/caregivers in
eight (23.5%), by students (undergraduate or
graduate) in six (17.6%), by peers in four
(11.7%), and by more than one intervener in
three (9%).

A multiple baseline design was used in 29 of
the studies (85.3%), an ABAB design was used
in four (11.8%), and an ABA design was used
in one (2.9%). In 15 of the studies (44.1%),
the dependent variables were communication
and interaction skills. In 11 of the studies
(32.5%) multiple skills were targeted. In four
studies (11.7%) social skills, in three studies
(8.8%) play skills, in one study (2.9%) aca-
demic skills were the dependent variables. In
all of the studies (100%), PRT improved the
dependent variables. In all of the studies
(100%), inter-observer reliability data were
gathered (range = 80-99). Treatment integ-
rity was assessed in only 15 (44.1%) of the
studies (range = 78.3-100) were assessed.
Moreover, in 20 (55.8%), 15 (44.1%), and
eight (23.5%) of the studies, generalization
data, maintenance data, and social validity
data were collected, respectively.
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TABLE 2

Descriptive Statistics for PND, PNCD, and PEM
Scores

Calculation N Min.  Max. X SD

PND 284  0.00 100 76.10  33.65
PNCD 284  0.00 100 78.03  34.38
PEM 284  0.00 100 89.34  22.18

N:- Number of studies.
Min.: Minimum value.
Max.: Maximum value.
X: Mean.

SD: Standard deviation.

The effect sizes of the studies included in
this meta-analysis are listed in Table 2. The
table demonstrates that, for all of the studies,
the mean PND score was 76.10% (range =
0-100%, standard devition [SD] = 33.65), the
mean PNCD score was 78.03% (range =
0-100%, SD = 34.38), and the mean PEM
score was 89.34% (range = 0-100%, SD =
22.18). The level of effect for the PND, the
PNCD, and the PEM scores of the studies
included in this meta-analysis are listed in Ta-
ble 3. As demonstrated in Table 3, with regard
to PND scores, the PRT effect sizes were
greater than 90% in 13 studies (38.2%), 70—
89% in 11 studies, and below 70% in 10 stud-
ies (29.4%). With regard to PNCD scores, ef-
fect sizes were greater than 90% in 14 studies
(41.1%), 70-89% in nine studies (26.5%),
and below 70% in 10 studies (26.4%). With

TABLE 3

Level of Effect for PND, PNCD, and PEM Scores

regard to PEM scores, effect sizes were greater
than 90% in 27 studies (79.4%), 70-89% in
four (11.7%), and below 70% in three studies
(8.8%). The effect size scores of every study
and each calculation type can be obtained
from the authors.

The PND, PNCD, and PEM scores in this
study were examined in terms of different
variables. The results obtained are given in
Table 4. As shown in Table 4, effect size scores
were greater than 70% in all of the research
models. PND scores for all of the dependent
variables except play skills and social skills
were greater than 70%. PNCD scores for all of
the dependent variables except play skills
were greater than 70%.

PEM scores for all of the dependent vari-
ables were greater than 70%. For all of the
studies, regardless of whether inter-observer
reliability, treatment integrity, maintenance,
or generalization data were gathered, all
three-effect size scores were greater than 70%.
In the studies in which social validity data were
gathered, PND and PNCD scores were below
70% whereas PEM scores were above 90%. In
studies in which researchers did not collect
social validity data, all three-effect size scores
were greater than 70%.

In order to examine the degree and direc-
tion of the relationship among PND, PNCD,
and PEM scores, correlation coefficients were
computed; they are listed in Table 5. As shown
in Table 5 there were strong, positive correla-
tions between PND and PNCD (r = .749, p <
.001), PND and PEM (r = .598, p < .001), and

Level of Effect

Highly Effective Fairly Effective Questionable or Ineffective
(>90%) (70-89%) (<70%)
Overlap Method S % S % S %
PND 13 38.2 11 32.3 10 29.4
PNCD 14 41.1 9 26.4 10 29.4
PEM 27 79.4 4 11.7 3 8.8

f: Frequency.
%: Percentage.
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TABLE 4

Means and standard deviations of the PND, PNCD, and PEM scores for the intervention characteristics

PND PNCD PEM
Variables N X SD N X SD N X SD

Design

Multiple baseline 29 76.69 2027 28 78.32  12.87 29 89.95  15.04

ABAB 4 91.22 1520 4 95.48 8.53 4 98.32 2.9

ABA 1 972 0 1 98.2 0 1 97.2 0
Dependent variable

Communication and interaction 13 90.27 19.25 12 90.2 13.83 13 93.16 18.1

skills

Multiple skills 12 76.18 1696 12 78.28  13.07 12 92.54 5.92

Social skills 5 6848 11.96 5 70.44 8.8 5 87.58 119

Play skills 3 573 20 3 66.3 1.8 3 79.9 17.3

Academic skills 1 842 0 1 100 0 1 100 0
Improvement

Yes 34 7610 2054 33 78.03 19.80 34 89.34  14.44

No 0 - - - - - - - -
Interobserver reliability

Yes 34 7610 2054 33 78.03 19.80 34 89.34  14.44

No 0 - - - - - - - -
Treatment integrity

Yes 15 7241 226 15 73.28 9.62 15 87.06  19.14

No 19 8421 1637 18 87.43 13.68 19 94.38 7.01
Maintenance

Yes 15 76.3 19.05 15 7779 1125 15 90.31  10.79

No 19  81.14 2088 18 83.67 1295 19 91.82  16.41
Generalization

Yes 21 8384 1483 20 85.83 1249 21 93.31 7.63

No 13 71.2 2484 13 73.57 1452 13 87.66  20.39
Social validity

Yes 8 69.48 2246 7 63.97  20.39 8 91.3 13.82

No 26 81.93 1854 26 85.58  12.06 26 91.11  14.35

N:- Number of studies.
X: Mean.
SD: Standard deviation.

PNCD and PEM (r = .583, p < .001) (Cohen,
1988).

Discussion

The participant and intervention characteris-
tics in the studies in which PRT was used were
examined in this study. The effectiveness of
PRT in teaching various behaviors to children
with ASD was demonstrated. We assessed
whether the effectiveness of PRT changed in
terms of the characteristics of the interven-
tion. We examined the relationships among

the effect sizes calculated by the PND, PNCD,
and PEM scores.

When we examined the years in which the
studies were published, we observed a linear
increase in the number of studies conducted
from 1979 to 2012. Thus, the needs of chil-
dren with ASD in the basic skill areas may have
become more prominent in recent years, and
PRT awareness may have increased since the
2000s (Bozkus-Genc & Vuran, 2013). Most of
the studies on PRT were conducted with chil-
dren with ASD aged 0-9 years (91.2%). In
addition, the majority of the participants were
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TABLE 5

Correlation Coefficients between PND, PNCD,
and PEM Scores

PND PNCD PEM

PND
Pearson’s r 749 598k
Sig. (2-tailed)
N 284
PNCD
Pearson’s r 749 .583
Sig. (2-tailed)
N 284
PEM
Pearson’s r .598 583**
Sig. (2-tailed)
N 284

PND: Percentage of nonoverlapping data.

PDCD: Percentage of nonoverlapping corrected
data.

PEM: Percentage of data points exceeding me-
dian.

## Correlation is significant at the .01 level
(2-tailed).

male (72.2%). Children’s early years are the
foundation of their future. A growing body of
literature suggests that early intensive inter-
vention may greatly enhance outcomes for
children with ASD (Vismara & Rogers, 2007).
In addition, statistics show that autism is four
to five times more common among boys than
girls (Centers for Disease Control and Preven-
tion, 2012). Therefore, it is reasonable that
the majority of the participants were young
(Koegel et al., 2012) male (Bozkus-Genc &
Vuran, 2013; Masiello, 2007) children.

PRT was applied in various settings, such as
clinics, schools, homes, community settings,
or multiple settings, and by professionals, par-
ents/caregivers, or peers. Whereas children
with ASD may direct their attention to certain
characteristics of stimuli in their environ-
ments, they may completely ignore others
(Lovaas, Schreibman, Koegel, & Rehm, 1971).
Consequently, their generalization skills
might be negatively affected. It is suggested
that researchers utilize multiple settings and
interveners in order to increase the learning
experiences of children and enable the gen-
eralization of the newly learned skills (Dun-
lap, Koegel, & Burke, 1981; Lovaas et al.,

1979). In studies of PRT, skills appropriate to
the needs and ages of children with ASD, such
as interaction skills, social skills, play skills,
and academic skills, were targeted. ASD is
characterized, in varying degrees, by difficul-
ties in social interaction, verbal and nonver-
bal communication, and repetitive behavior.
Therefore, it can be suggested that partici-
pants’ core deficiency skills were targeted,
which may have positively affected the social
validity of the studies.

Inter-observer reliability data were collected
in all of the studies. However, treatment integ-
rity data were collected in only 44% of the
studies. Accurate measurement of the depen-
dent and independent variables is an impor-
tant prerequisite to experimentally establish
the existence of a functional relationship.
This practice is also important for purposes of
external validity and the replication of the
procedures used within a study (Wheeler,
Baggett, Fox, & Blevins, 2006). Therefore, fu-
ture research studies are needed to demon-
strate the treatment integrity of PRT. Mainte-
nance and generalization data were collected
in only half of the studies. However, like all
students with disabilities, the maintenance
and generalization of newly acquired behav-
iors are crucial for children with ASD. More-
over, maintenance and generalization are key
elements to increase the instructional efficacy,
allowing for the allocation of more time to
teaching new behaviors. Although social valid-
ity is also critical, social validity data were col-
lected in only one-quarter of the studies. This
ratio is very low for studies in which the core
skills of children with ASD were targeted (Boz-
kus-Genc & Vuran, 2013; Masiello, 2007).
Quuality indicators such as maintenance, gen-
eralization, and social validity data were not
collected in some studies. The lack of these
quality indicators decreased the quality of the
studies (Horner et al., 2005), and may pose a
limitation to the some previous studies.

This study found that PRT was effective in
teaching various behaviors to children with
ASD. Based on an examination of the mean
effect sizes of the studies included in this
meta-analysis, calculated by three methods, we
conclude that PRT is fairly effective (Ma,
2006, 2009; Scruggs & Mastropieri, 1998,
2001). The current findings support previous
research that individually demonstrated the
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effectiveness of PRT in teaching various be-
haviors to children with ASD (Jones & Feeley,
2007; Koegel et al., 2012). In practice and
future research studies, PRT can be used to
teach pivotal behaviors to children with ASD.
When the individual effect sizes of the 34
studies were examined in terms of PND
scores, 13 studies were highly effective, 11
were fairly effective, and 10 were questionable
or ineffective. In terms of PNCD scores, of the
33 studies, 14 were highly effective, nine were
fairly effective, and 10 were questionable or
ineffective. In terms of PEM scores, of the 34
studies, 27 were highly effective, four were
fairly effective, and three were questionable or
ineffective. When the calculation methods
were compared, it was found that the PND
and the PNCD scores yielded similar results,
whereas these two methods were highly differ-
entiated from the PEM scores. This result is
consistent with the findings of Wolery et al.
(2010). Visual analysis of the graphs of the
studies in which the effect size calculations
differed greatly revealed a leap or fluctuation
in the data points at the baseline level; these
leaps or fluctuations may have caused this dif-
ference in the calculations (Faith et al., 1996;
Ma, 2006; Scruggs & Mastropieri, 1998). In
the literature, researchers have mentioned
that different effect size calculation methods
may lead to different conclusions about the
degree of treatment effectiveness for the same
data set (Parker et al., 2007).

In this study, the PND, PNCD, and PEM
scores were examined in terms of different
variables; however, the only difference found
was in terms of dependent variables. While the
PND scores were questionable or ineffective in
terms of play skills or social skills, PNCD
scores were only questionable or ineffective in
terms of play skills. The PEM scores were fairly
or highly effective in terms of all of the depen-
dent variables. This finding supports the fact
that PRT was especially developed for teach-
ing pivotal areas such as communication and
interaction skills (Koegel, Koegel, Harrower,
& Carter, 1999). However, it is important to
consider the fact that in this meta-analysis, a
few studies targeted play skills and social skills.
Importantly, the data of these studies were not
analyzed by inferential statistics; instead, they
were analyzed by using only descriptive statis-
tics. Inferences based on the results of a few

studies analyzed by only descriptive statistics
may not be accurate.

Correlation coefficients calculated to deter-
mine the degree and the direction of the re-
lationship among the PND, PNCD, and PEM
scores indicated that there was a significant
relationship among these three calculation
methods; the relationship between PND and
PNCD scores was stronger than the relation-
ship between PND and PEM scores and PNCD
and PEM scores (Cohen, 1988). This outcome
was expected, since these three methods are
based on overlap or the same theoretical foun-
dation (Wolery et al., 2010). PNCD and PEM
scores were strongly and positively correlated
with PND scores, even though they were de-
veloped to overcome the limitations of calcu-
lating PND scores reported to be insufficiently
sensitive. Thus, because it is easier to calculate
PND scores than PEM and PNCD scores, the
calculation of PND scores may be preferred
for effect size calculations.

PNCD is an effective method to deal with
trends. Therefore, it can be used in situations
when pre-intervention measurements do not
show pure random fluctuations (Malonov &
Solanas, 2009). In this meta-analysis, PND and
PNCD scores differed because there was a
trend in the baseline for a few studies; how-
ever, this difference was not statistically signif-
icant. Therefore, when there is no trend, PND
scores might be calculated instead of PNCD
scores (Manolov & Solanas, 2009), since it is
very difficult to digitize the data and calculate
PNCD scores.

This study has some strength. First, quanti-
tatively synthesizing SCR studies is a laudable
goal because it can increase the objectivity of
syntheses and allow the quantification of the
potential effects (Wolery et al., 2010). There-
fore, the current study may support the exist-
ing literature about PRT and teaching chil-
dren with ASD. Second, PNCD is a method
developed to omit pre-intervention trends
from the data. Thus, PNCD can be used when
the data are sequentially dependent on each
other, which allows for the calculation of ef-
fect sizes using all of the data points in both
baseline and intervention phases. However,
PNCD scores were used in a limited number
of studies. Therefore, the present study might
have contributed to the related literature.
Third, this study was conducted to compare
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the different effect size calculations for SCR
designs. Therefore, the results of the present
study might provide clues and guide experts
from related fields.

Several limitations need to be addressed
within the framework of this meta-analysis.
This study was limited to studies in which SCR
designs were used because studies in which
group experimental designs were used were
excluded. In future meta-analyses, studies in
which group experimental designs were used
to test the effectiveness of PRT might be ex-
amined. In the current study, the quality of
the studies included was not assessed, and the
effect size calculations were not assessed in
terms of the quality of the studies. However, it
is crucial to examine the relationship between
the quality and effect size of the studies.
Therefore, new studies might be designed in
order to examine the quality of the studies
and the relationship between the quality and
effect size of the studies. PNCD may not be a
preferred method because the data points
must be digitized, the calculations are very
difficult, there are no criteria that can be used
to interpret the scores, and it can give mislead-
ing scores when there is a trend in the data
(Manolov & Solanas, 2009). Therefore, a soft-
ware program might be developed to facilitate
the calculation of PNCD scores. As the num-
ber of studies was limited, descriptive statistics
were used in this study to examine the effect
sizes in terms of the different variables. How-
ever, future analyses should examine the ef-
fect sizes of more studies by using inferential
statistics in terms of different variables. The
overlap methods are not an estimate of the
magnitude of the effects between conditions,
although they are meant to represent magni-
tude. The magnitude of the data (i.e., effect
size) can be quite different. Overlap methods
report only the proportion of overlap across
the conditions. Thus, they do not provide an
estimate of the magnitude of effects (Wolery
et al., 2010).
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