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Abstract Stimulus-stimulus pairing (SSP) is a procedure used to increase vocalizations
in children with significant language delays. However, results from studies that have
examined the effectiveness of SSP have been discrepant. The following review of the
literature summarizes the results from 13 experiments published between 1996 and
2014 that used this procedure with children with language delays. Studies were
analyzed across various participant and procedural variables, and an effect size estimate
(nonoverlap of all pairs) was calculated for a portion of the participants in the studies
reviewed. Results indicated an overall moderate intervention effect for SSP of speech
sounds. Recommendations are provided for future researchers about information to
report and potential avenues for future studies.

Keywords Language delays - Automatic reinforcement - Language development -
Stimulus-stimulus pairing - Vocalizations - Effect size - Nonoverlap of all pairs

Children typically learn vocal verbal behavior as they interact with caregivers and others
in their environment (Bloom 1979; Dawson 2008; Hart and Risley 1995; Rogers and
Dawson 2010; Stone and Yoder 2001). Speech often begins with production of vowel
sounds and babbling, which develops into syllable repetition and imitation of the
intonation and speech patterns of those around them (Rogers and Dawson 2010). The
influence of both contingent and noncontingent parent speech sounds on infant
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vocalizations has been demonstrated in a number of studies (e.g., Bloom and Esposito
1975; Hart and Risley 1995; Pelaez et al. 2011; Poulson 1984; Rheingold et al. 1959;
Tamis-LeMonda et al. 2001). A behavior-analytic conceptualization of language devel-
opment posits that infant babbling develops as a result of both social and automatic
reinforcement. Initially, newborns produce vocal sounds through the movement of the
tongue, lips, and other organs of speech when engaging in reflexive behaviors such as
crying and coughing. The production of these sounds strengthens vocal muscles, which
enables the infant to produce more frequent and varied vocalizations (Bijou and Baer
1965; Schlinger 1995). During early infant development, caregivers frequently talk to
their babies during daily activities such as holding, feeding, and diaper changing.
Caregivers may socially reinforce infant vocalizations during these activities when they
deliver reinforcing stimuli (e.g., attention, food) or remove aversive stimuli (e.g., wet
diaper) contingent upon them. Automatic reinforcement appears to increase babbling via
a two-step process. First, a caregiver’s speech sounds are repeatedly paired with rein-
forcing stimuli. Through this pairing process, the caregiver’s speech sounds may be
established as conditioned reinforcers. Following pairing, when the infant babbles and
the response product is acoustically similar to a sound that has become a conditioned
reinforcer, the resulting auditory stimulation may automatically reinforce that specific
way of vocalizing (Bijou and Baer 1965; Schlinger 1995). It should be noted that
although the processes of social reinforcement, pairing, and automatic reinforcement
have been described here as distinct, these processes likely occur concomitantly. For
example, if an infant babbles “mama” and her mother picks her up and says, “mama”
back to her, the infant’s vocalizing “mama” may be reinforced by the mother’s
attention. In addition, the sound “mama” spoken by the mother is paired with a
reinforcing stimulus (i.e., attention) and may be established as a conditioned reinforcer.
The infant will be more likely to vocalize, “mama” in the future due to social
reinforcement; when she does, the resulting sound may automatically reinforce the
vocalization, as well.

In children with autism spectrum disorders, reinforcement, pairing, and stimulus
control processes related to the development of social interaction and verbal behavior
may be disrupted (Spradlin and Brady 1999). One mechanism by which speech
development may be derailed is through diminished orientation to social stimuli. In
typically developing infants, orienting to social stimuli develops early in infancy and is
thought to be a requisite skill for joint attention, which has been correlated with
language development (e.g., Dawson et al. 1998; Dawson et al. 2004; Toth et al.
2006). Research indicates that newborns recognize their mothers’ voices (e.g.,
DeCasper and Fifer 1980) and show preference for looking at faces (e.g., Batki et al.
2000; Turati et al. 2002). For example, Dawson et al. (1998) examined social attention
in children with autism, other developmental disabilities, and those who were typically
developing. They found that children diagnosed with autism often did not orient to
social stimuli, such as the speech sounds of others. Dawson et al. suggested that infants
with autism likely encounter the same exposure to social stimuli (e.g., parental holding,
talking) as their typically developing peers but do not engage actively in these
interactions. Specifically, it is possible that social stimuli are not as salient or reinforc-
ing to children with autism, and therefore, the speech sounds of others do not acquire
typical reinforcing and/or discriminative functions. Consequently, targeted intervention
to increase speech sounds in children with autism is often necessary.
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Early and intensive behavioral intervention (EIBI) has been shown to result in
substantial increases in vocal language in children with autism (Dawson 2008;
Eldevik et al. 2009; Howard et al. 2005; Rogers and Vismara 2008; Sallows and
Graupner 2005). Vocal models are typically used to prompt mands, tacts, and
intraverbals (e.g., Barbera and Kubina 2005; Bourret et al. 2004; Watkins et al.
1989). If a child does not demonstrate an echoic (i.e., vocal imitation) repertoire, echoic
training can be employed in which a therapist provides vocal models and differentially
reinforces the child’s successive approximations to the target sound (e.g., Butz and
Hasazi 1973; Harris 1975; Hung 1976). However, shaping of any behavior, including
echoic behavior, may be difficult when few instances of the behavior or invariable
responses occur. For children with significant language deficits, especially those who
produce few to no speech sounds, a stimulus-stimulus pairing (SSP) procedure may be
used to increase the frequency of speech sounds.

As an intervention, SSP of speech sounds is designed to increase vocalizations through
the same pairing process that is thought to lead to increases in infant babbling in typical
development. Although there are variations of the SSP procedure, the essential feature is a
therapist presenting a vocal sound along with the delivery of a high-preference social event
or tangible item (hereafter referred to as preferred item). Through repeated pairings of
therapist-emitted sounds with preferred items, the goal of SSP is to establish specific vocal
sounds as conditioned reinforcers. Following pairing, when the child produces sounds that
are the same or acoustically similar to sounds that have been paired, those vocalizations
may be automatically reinforced (Sundberg et al. 1996). An increase in the frequency of
specific sounds, even if temporary, would provide opportunities for reinforcement, shap-
ing, discrimination training, and/or mand training.

Although SSP of speech sounds is used clinically to increase vocalizations in
children with language delays, studies have reported this procedure to be effective
with some participants and ineffective with others (Miliotis et al. 2012). Authors
have suggested a number of participant and procedural variables that may con-
tribute to these discrepant results, including participant age, pre-existing vocal
repertoire, type of preferred items used, number of pairing trials, and number of
experimenter-emitted sounds per trial (Stock et al. 2008). However, to date, the
body of research on using SSP to increase vocalizations has not yet been system-
atically reviewed to inform best practice. Therefore, the purpose of the current
review is to provide a systematic quantitative analysis of studies that used SSP to
increase vocalizations in children with language delays. To quantify effectiveness
of SSP across studies, we used the nonoverlap of all pairs method (NAP; Parker
and Vannest 2009), a nonparametric effect size calculation used in single-case
research. Recommendations are provided for future researchers about information
to report and potential avenues for future studies.

Method
Inclusion and Exclusion Criteria

A computerized multi-database literature search was conducted using PubMed Central
and PsycINFO databases. The terms stimulus-stimulus pairing, vocalizations,
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automatic reinforcement, autism, and language development were entered into the
keyword fields. Searches were limited to articles with publication dates ranging from
1996 to 2014. Studies included in this review were limited to published, peer-reviewed
investigations that used SSP to increase vocalizations of children with language delays.
As such, studies that investigated the use of SSP to establish books, toys, worksheets,
or other items as conditioned reinforcers or evaluated effects on responses other than
vocalizations were excluded.

Dimensions and Coding

Data were collected on the journal and number of participants included in each study.
Studies were analyzed and coded according to the participant characteristics and
procedural variations described below.

Participant Characteristics

Age and Gender Data were collected on the reported age (years, months) and gender of all
participants. Further, participants were coded as over 5 years old or 5 years old and younger.

Diagnosis Data were collected on the diagnosis of each participant as reported by the
authors and the method by which the diagnosis was determined.

Language SKkills Based on the descriptive information available, we characterized
participants who were reported to vocally mand/request, tact/label, or respond with
intraverbals as displaying functional language skills. Participants who emitted sounds
or echoics only were classified as not displaying functional language skills. The method
of language assessment was also recorded.

SSP Procedural Variations

Although all studies reviewed used SSP to increase vocalizations in individuals with
language delays, the treatment strategies varied along several key characteristics. As
such, six procedural variations were analyzed and coded for evaluation.

Target Sound Data were recorded on whether the sounds targeted for pairing were
novel or displayed by the participant prior to the study. Novel sounds were identified as
those sounds not observed during baseline or pre-assessment observations. Current
sounds were observed during baseline and/or pre-assessment observations. Data were
also collected on the method for selecting target sounds.

Number of Experimenter-Emitted Sounds per Pairing Data were recorded on the
number of times the experimenter emitted the sound during each trial.

Type of Pairing The timing of preferred item delivery in relation to the presentation of
the experimenter-emitted sound was also a variable of interest. Pairing was coded as
simultaneous (i.e., the preferred item and the sound were delivered at the same time),
delay (i.e., the preferred item was delivered during the sound), trace (i.e., the preferred
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item was delivered after the entire sound), or discrimination training (i.e., the preferred
item is delivered contingent upon an arbitrary response in the presence of the sound but
not in its absence).

Number of Pairings per Minute Data were collected on the number of pairings per
minute used in each study. If the exact number of pairings per minute were not reported,
we estimated the number of pairings per minute based on the information provided by
examining the reported intertrial intervals, number of trials per session, duration of
sessions, reinforcement intervals, duration of sound production, and delays for adven-
titious reinforcement. When the information provided indicated a variable number of
pairings per minute, we estimated the minimum and maximum amount of time for each
trial, resulting in a range of pairings per minute.

Adventitious Reinforcement If the authors stated that the preferred item was delayed
or withheld following the emission of the target sound from the participant, the
procedure was coded as controlling for adventitious reinforcement.

Type of Preferred Items Data were collected regarding the method by which pre-
ferred items were selected and included surveys (i.e., report of preference), informal
observations (i.e., unsystematic observations), and stimulus preference assessments.
Additionally, the selected preferred items were coded as social interactions, edibles,
toys, or a combination of these.

Effect Size To quantify results across studies, nonoverlap of all pairs (NAP) was
selected as a measure of intervention effectiveness. NAP is an effect size estimate that
has demonstrated utility in summarizing intervention effectiveness across large samples
of single-case data (Parker and Vannest 2009). NAP requires few data assumptions, can
be efficiently calculated by hand, and is strongly correlated with visual analysis
judgments. Unlike more commonly used effect sizes such as Cohen’s d, NAP does
not rely on means or medians, and instead examines the location of the entire score
distribution (Parker and Vannest 2009). The NAP probability score is the percentage of
data that shows improvement from one phase to another and normally ranges from 0.5
to 1 and (Vannest et al. 2013). For single-case design studies, NAP can be calculated by
hand from a graph for each participant and then averaged across participants to
calculate an overall effect size for all participants in the sample. Scores are reported
as small/weak (0-0.65), medium/moderate (0.66-0.92), and large/strong (0.93—1.0)
(Parker and Vannest 2009).

NAP was calculated for the participants from a portion of the studies included in the
review based on the following exclusion criteria. Studies were excluded if the authors
reported only cumulative data (Stock et al. 2008; Sundberg et al. 1996; Yoon and
Bennett 2000; Yoon and Feliciano 2007) or did not report a baseline phase (Lepper
et al. 2013) because analysis of overlap between baseline and treatment
conditions could not be conducted. The procedure outlined in Parker and
Vannest (2009) for hand calculation of NAP was followed. Within each target
sound SSP graph, all baseline data points were compared with all treatment
data points, and the total number of possible comparisons was calculated
(number of baseline data points multiplied by number of treatment data
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points). If a baseline data point value was higher than a treatment data point
value, that comparison was marked as an “overlap.” If a baseline data point
value was equal to a treatment data point value, that comparison was marked as
a “tie.” The total number of overlaps and ties were counted for each graph.
These totals were then used in the following equation to solve for NAP for
each target sound:

NAP

_ Number of total BL/TX comparisons—[Number of comparisons that overlap 4 (.5)Number of comparisons that tie]
N Number of total BL/TX comparisons

The average NAP of the sample (n = 35) was then calculated by summing each
individual NAP score and dividing by 35. NAP calculations for each graph
were calculated by two independent researchers. The intraclass correlation
coefficient (ICC) was calculated as a measure of interobserver agreement and
showed perfect agreement (ICC = 1.0, p < 0.0001).

Results

Of the studies identified in the literature search, one was excluded because all
participants were typically developing children without language delays (i.e.,
Smith et al. 1996). Further, one typically developing participant from Sundberg
et al. (1996) was not included in our review, leaving a total of 13 studies and
39 participants. All of the studies were published in the Journal of Applied
Behavior Analysis or The Analysis of Verbal Behavior, and most studies in-
cluded 2 to 3 participants. See Table 1 for an overview of the characteristics of
the studies and participants included in the review.

Participant Characteristics

The studies reviewed included participants that varied with regard to age, gender,
diagnosis, and presence of functional language.

Age The average age of participants across studies was 3 years, 7 months (range, 1—
8 years). Most studies evaluated SSP with preschool children, with the exception of five
studies that included school-aged children (i.e., Esch et al. 2009; Esch et al. 2005;
Miguel et al. 2002; Miliotis et al. 2012; Rader et al. 2014) for a total of seven
participants over the age of 5 years.

Gender Many studies included both males and females as participants; howev-
er, across all studies, there was more than double the number of males than
females. Gender was not reported for two participants included in Yoon and
Bennett (2000).

Diagnosis The majority of participants included in the studies were diagnosed with
autism (69.2 %). Other diagnoses reported included educational delay (ED, 15.4 %),
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Table 1 Study and participant characteristics

Number (percentage) of studies

Review n = 13 NAP analysis n = 8

Journal

The Analysis of Verbal Behavior 10 (76.9) 6 (75)

Journal of Applied Behavior Analysis 3(23.1) 2 (25)
Number of participants

1 1(7.7) 1 (12.5)

2 3(23.1) 3(37.5)

3 6 (46.2) 4 (50)

4 2 (15.4) -

6 1(7.7) -
Number (percentage) of participants

Review n = 39 NAP analysis n = 19

Gender

Male 25 (64.1) 11 (57.9)

Female 12 (30.8) 8 (42.1)

Not reported 2(5.1) -
Age

<5 years 32 (82.1) 12 (63.2)

>5 years 7 (17.9) 7 (36.8)
Diagnosis

Autism 27 (69.2) 19 (100)

Educational delay 6 (15.4) -

Developmental delay 5(12.8) -

Intellectual disability with visual impairment 1(2.6) -
Functional language

Yes 11 (28.2) 4 (21.1)

No 28 (71.8) 15 (78.9)

developmental delay (DD, 12.8 %), and intellectual disability with visual impairment
(ID/VI, 2.6 %). Although some studies indicated that the diagnosis was made by a
professional, no studies included the type of assessment used to inform the diagnosis or
the age at which the diagnosis was made.

Language Skills Although all studies provided a description of each participant’s pre-
existing language skills, there was not a uniform assessment used across studies. The
Behavioral Language Assessment (BLA; Sundberg and Partington 1998), an informant
assessment that evaluates basic language and related skills in children with limited
verbal abilities, was used to identify the language skills of 20 participants across 8
studies (i.e., Carroll and Klatt 2008; Esch et al. 2005; Esch et al. 2009; Miguel et al.
2002; Miliotis et al. 2012; Normand and Knoll 2006; Rader et al. 2014; Stock et al.
2008). However, there were inconsistencies in how the scores were reported. Some
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authors reported an overall BLA level (i.e., Carroll and Klatt 2008; Miguel et al.
2002; Miliotis et al. 2012; Normand and Knoll 2006; Rader et al. 2014), while
others reported some of the individual scale levels (i.e., Esch et al. 2005; Stock et
al. 2008) reported that the BLA was used and provided descriptions of participant
verbal repertoires; however, they did not report levels. In addition to the BLA,
Esch et al. (2005, 2009) conducted the Kaufman Speech Praxis Test (KSPT;
Kaufman 1995), the Peabody Picture Vocabulary Test-III (PPVT-III; Dunn et al.
1997) and the Receptive-Expressive Language Test, Third Edition (REEL; Bzoch
et al. 2003). Lepper et al. (2013), Miliotis et al. (2012), and Rader et al. (2014)
reported scores from the Early Echoic Skills Assessment (EESA; Esch 2008).
Lepper et al. (2013) used an informal pre-experimental observation to obtain
information on pre-intervention vocal skills. Sundberg et al. (1996), Yoon and
Bennett (2000), Yoon and Feliciano (2007), and Ward et al. (2007) described
participant verbal skills but did not indicate if the description was based on
informal observations or an assessment tool.

Based on the description provided for each participant, a total of 28 participants were
classified as not having functional language skills, and 11 participants were classified as
having functional language skills. It should be noted that the participants in the
functional language group had varying degrees of language abilities (i.e., some had a
few vocal mands while others could emit hundreds of mands, tacts, and intraverbals).
The functional language group was not further differentiated because this could not be
practically accomplished based on the information provided in the studies.

SSP Procedural Variations

Results from the coding of target sound, number of experimenter-emitted sounds per
pairing, type of pairing procedure, number of pairings per minute, control for adven-
titious reinforcement, and the type of preferred item paired are presented in Table 2.

Target Sound Of the studies reviewed, a total of 17 participants were exposed to novel
sound pairing conditions (Lepper et al. 2013; et al. 1996; Yoon and Bennett 2000;
Yoon and Feliciano 2007), and 22 were exposed to current (in-repertoire) sound pairing
conditions (Carroll and Klatt 2008; Esch et al. 2005; Esch et al. 2009; Miguel et al.
2002; Miliotis et al. 2012; Normand and Knoll 2006; Rader et al. 2014; Stock et al.
2008; Ward et al. 2007); Carroll and Klatt (2008) used one novel target and one current
target. The manner in which sounds were selected was described in nine studies. Three
of the studies indicated that they selected sounds with the lowest frequency of
those observed during baseline or pre-assessment observation (i.e., Carroll and
Klatt 2008; Miguel et al. 2002; Stock et al. 2008). Three studies indicated that
target sounds were selected if they occurred during a specified range of intervals
during baseline or pre-assessment observations. Specifically, Esch and colleagues
(2009) selected sounds that occurred during 10-25 % of intervals or if all sounds
occurred in fewer than 10 % of intervals; sounds that occurred at all were selected.
Miliotis et al. (2012) selected sounds that occurred during 1-5 % of intervals during
baseline or pre-assessment observations, and Rader et al. (2014) selected sounds that
occurred in 25 % or fewer of intervals during baseline. Two studies indicated that low
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occurring sounds were selected but did not provide specific criteria regarding the occurrence
prior to selection (i.e., Esch et al. 2005; Normand and Knoll 2006). One study, Ward et al.
(2007), chose sounds that occurred with the highest frequency during observation sessions.

Number of Experimenter-Emitted Sounds per Pairing Across studies, there were
considerable variations in the number of times the experimenter emitted the target
sound per trial. In four studies, the experimenter emitted the target sound once with the
delivery of the preferred item (i.e., Sundberg et al. 1996; Ward et al. 2007; Yoon and
Bennett 2000; Yoon and Feliciano 2007). In four studies, the target sound was emitted
three times by the experimenter (i.e., Esch et al. 2005; Esch et al. 2009; Lepper et al.
2013; Rader et al. 2014). In one study (Miliotis et al. 2012), the target sound was
emitted one time per trial for one target sound and three times per trial for a second
target sound. In three studies, the target sound was emitted by the experimenter five
times during each pairing trial (i.e., Carroll and Klatt 2008; Miguel et al. 2002; Stock et
al. 2008). Finally, Normand and Knoll (2006) presented the target sound seven times
per trial.

Type of Pairing Procedure Though not specifically labeled as a particular type of
pairing in the articles we reviewed, with the exception of Miliotis et al. (2012) and
Lepper et al. (2013), the author description of the pairing process allowed us to classify
the type of pairing involved in each study. Four studies described the pairing procedure
as presenting the sound followed immediately by presentation of the preferred item
(i.e., Esch et al. 2005; Esch et al. 2009; Rader et al. 2014; Sundberg et al. 1996)
suggesting the use of trace pairing. Miliotis et al. specifically identified the procedure
used as delay conditioning and indicated that delivery of the preferred stimulus
overlapped the model. Five other studies also described procedures that fit the
description of delay conditioning. Lepper et al. (2013) compared two types of pairing
procedures. In one, they presented two sounds and then presented the preferred item
simultaneously with the third and final sound; the other procedure was discrimination
training. Although both procedures were similarly effective, all participants
preferred the discrimination training procedure in a treatment preference
evaluation. Miguel et al. (2002 and Carroll and Klatt (2008) repeated the sound
a total of five times and presented the preferred item after the third but before the
last sound was emitted by the experimenter. Stock et al. (2008) also repeated the
sound five times, but presented the preferred item between the second and fifth
emission. Normand and Knoll (2006) presented the target sound seven times and
delivered the preferred item after the fourth emission of the target sound. Two
studies included a description of the pairing procedure that fit a description of
simultaneous conditioning. Yoon and Bennett (2000) and Yoon and Feliciano
(2007) described the pairing procedure as the experimenter emitting the sound
and simultaneously presenting the preferred event. One study appears to have
included a combination of pairing types. Ward et al. (2007) initially presented
pairing trials that fit the description of delay conditioning but changed to trace
conditioning. The authors described presenting the sound with the preferred item
presented half a second after the sound was initiated. Over time, they inserted a 2-
s delay between sound presentation and delivery of the preferred item to allow for
direct reinforcement of an echoic response.
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Number of Pairings per Minute The rate of experimenter-delivered pairings during
treatment sessions varied across studies. Four studies reported the approximated or
exact number of pairings per minute implemented (i.e., Sundberg et al. 1996; Ward et
al. 2007; Yoon and Bennett 2000; Yoon and Feliciano 2007). The remaining studies did
not report the number of pairings per minute but provided the number of trials
conducted and some information on the length of intertrial interval, length of con-
sumption interval, number of sounds produced per trial, time between sounds, and/or
delay when controlling for adventitious reinforcement. In some studies, a range of
session duration was also provided. Across all studies, the rate of pairings ranged from
less than 1 per minute to 15 per minute.

Control for Adventitious Reinforcement Of the 39 participants included in the
studies reviewed, approximately half (48 %) received procedures that controlled for
adventitious reinforcement and approximately half (52 %) did not. Two different types
of control procedures were used when the participant emitted a target sound during the
control or SSP session. Stock et al. (2008) stated that a preferred item was not delivered
contingent upon target vocalizations but did not specify for how long suggesting the next
scheduled trial was completed regardless of when the sound was emitted. Miguel et al.
(2002), Esch et al. (2009), Carroll and Klatt (2008), Miliotis et al. (2012), and Rader et al.
(2014) used a 20-s delay to reinforcement, and Normand and Knoll (2006) used a 30-s
delay to reinforcement. In these studies, the experimenter presented the sound, and if the
participant emitted the sound, the preferred item was withheld for the specified time
interval before the preferred item was delivered or a new trial was initiated.

Type of Preferred Item Paired Preferred items paired with sounds were identified in a
variety of ways across studies and included informal observation, surveys, stimulus
preference assessment, and a combination of methods. Four studies (i.e., Sundberg et
al. 1996; Ward et al. 2007; Yoon and Bennett 2000; Yoon and Feliciano 2007) did not
report conducting preference assessments but used items that had previously been
observed to function as reinforcers.

Four studies reported using both a structured survey and a subsequent stimulus prefer-
ence assessment (i.e., Esch et al. 2005, 2009; Miguel et al. 2002; Stock et al. 2008). The
survey used in these studies was the Reinforcement Assessment for Individuals with Severe
Disabilities (RAISD; Fisher et al. 1996), a structured interview that can be used with
multiple informants to generate a list of preferred stimuli. Following the RAISD, these
researchers reported using variations of a multiple-stimulus preference assessment. Two
studies (i.e., Miguel et al. 2002; Stock et al. 2008) reported presenting items from the
RAISD in a single array to the participants at the beginning of each experimental condition.
The first item chosen and consumed by the participant was used during the following
condition. Esch et al. (2005, 2009) used a multiple-stimulus without replacement prefer-
ence assessment (MSWO; DeLeon and Iwata 1996) and presented three separate arrays to
the participants to identify the five (Esch et al. 2005) or three (Esch et al. 2009) highest
ranked items. Each day, the items that were touched or smiled at the most during a 1-min
sampling period were used for sessions that day and were randomly rotated during sessions.
Similarly, Rader et al. (2014) used an interview to identify items to include in paired-
stimulus preference assessment (Fisher et al. 1992) and presented the three highest ranked
items prior to each session. The item selected was used during pairing trials for that session.
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Carroll and Klatt (2008) used both engagement- and selection-based stimulus
preference assessments. Preferred stimuli were first selected based on a 45-min obser-
vation of participants interacting with edibles and toys. The five items with the highest
percentage of 1-min intervals of engagement were then presented prior to each session;
the first item touched was selected for pairing for that session. Normand and Knoll
(2006) and Miliotis et al. (2012) also used an MSWO preference assessment; however,
they did not indicate how these items were selected. Before the first session each day,
Miliotis et al. identified the three highest ranked items with an MSWO preference
assessment and subsequently rotated those items during pairing trials on that day.
Lepper et al. (2013) reported that preferred items were selected based on previous
preference assessments but did not specify the type.

A variety of types of stimuli were paired with sounds in the 13 studies reviewed.
Preferred social interactions alone, consisting of tickles, praise, picking up, pushing on a
cart, and hand swinging, were used in two SSP studies (i.e., Sundberg et al. 1996; Yoon
and Bennett 2000). Edibles only were used by Miguel et al. (2002), Stock et al. (2008),
and Lepper et al. (2013). Edibles and social interactions were used in the Ward et al.
(2007) and Yoon and Feliciano (2007) studies. Edibles and toys were used by Ward et al.
(2007), Carroll and Klatt (2008), Esch et al. (2005, 2009), Miliotis et al. (2012, and Rader
etal. (2014. One participant in Lepper et al. (2013) received only toys during pairings, and
Normand and Knoll (2006) did not specify what types of preferred items were used.

Effectiveness of SSP

Eight of the 13 studies (19 participants) in the overall review were included in the
calculation of an effect size estimate using NAP. Because more than one sound was
targeted for some participants, the NAP was hand-calculated for each target sound for
each participant within those studies (n = 35). See Table 1 for an overview of the
characteristics of the studies and participants included in the NAP analysis. Of the 8
studies included in the effect size calculation, the majority (75 %) was published in The
Analysis of Verbal Behavior and most (88 %) included 2 to 3 participants. The majority
of participants were male (58 %), all were diagnosed with autism, and most (79 %) did
not have functional language skills. The average age among the participants included
for effect size calculation was 4 years, 6 months (range, 1-8 years).

Table 3 shows effect sizes for the 35 sounds targeted in 8 studies using SSP to
increase vocalizations. The average effect size was 0.71 (SD = 0.20; 95 % CI [0.64—
0.76]), which corresponds to a moderate treatment effect according to NAP interpretive
guidelines (Parker and Vannest 2009). Of the 35 evaluations for which effect sizes were
calculated, 12 (34 %) were classified as showing a weak effect, 17 (49 %) were
classified as showing a moderate effect, and 6 (17 %) were classified as showing a
strong effect of SSP. The percentage of sounds showing strong, moderate, and weak
effect sizes across the different variables discussed are shown in Table 4. A higher
percentage of children who were younger (5 years or below) showed moderate to
strong effects compared to those over age 5. Additionally, a higher percentage of
children without functional language showed moderate to strong effects compared to
those with functional language. In fact, none of the children classified as having
functional language showed a strong effect of SSP. All but one of the sounds included
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Table 3 NAP effect size across sounds, participants, and studies

Study Participant Sound Effect size Interpretation
Miguel et al. (2002) 1 ee 1.00 Strong
uh 0.95 Strong
2 bah 0.90 Moderate
00 0.80 Moderate
3 dah 0.61 Weak
ee 0.66 Moderate
Esch et al. (2005) 1 ba 0.50 Weak
i 0.43 Weak
2 si 0.17 Weak
bi 0.54 Weak
3 i 0.50 Weak
a 0.50 Weak
Normand and Knoll (2006) 1 ah 0.78 Moderate
ee 0.44 Weak
Ward et al. (2007) 1 ahmm 0.92 Moderate
ee 0.72 Moderate
2 doh 0.77 Moderate
Carroll and Klatt (2008) 1 ts 0.94 Strong
buh 0.50 Weak
2 m 0.56 Weak
Esch et al. (2009) 1 beh 0.69 Moderate
00 0.66 Moderate
2 aypayk 091 Moderate
sheba 0.76 Moderate
3 reeklo 0.83 Moderate
tebba 0.68 Moderate
Miliotis et al. (2012) 1 ng 0.97 Strong
! 0.66 Moderate
2 t 0.99 Strong
w 0.97 Strong
Rader et al. (2014) 1 b 0.81 Moderate
2 m 0.79 Moderate
3 m 0.88 Moderate
Average NAP effect size 0.71 Moderate

in the effect size calculations were current sounds. Thus, an examination of differences
in effect size for novel or in-repertoire sounds is not possible. Those who received delay
conditioning during the SSP procedure, those for whom edibles only were used, and
participants who received procedures to control for adventitious reinforcement showed
the highest percentages of moderate to strong effect sizes. The number of experimenter-
emitted sounds per pairing did not appear to affect the effect size calculations.
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Table 4 Percentage of sounds in each category with strong, moderate, and weak NAP effect sizes

Percentage (number) of sounds

Strong effect Moderate effect Weak effect

Age

<5 years (n = 21) 14.3 (3) 66.7 (14) 19.0 (4)

>5 years (n = 14) 214 (3) 21.4 (3) 57.1 (8)
Functional language

Yes (n =17) - 57.1 (4) 429 (3)

No (n = 28) 21.4 (6) 46.4 (13) 32.1 09
Adventitious reinforcement control

Yes (n = 24) 25.0 (6) 58.3 (14) 16.7 (4)

No (n = 11) - 27.3 (3) 72.7 (8)
Type of reinforcer®

Edibles only (n = 6) 33.3(2) 50.0 (3) 16.7 (1)

Edibles plus toys/social (n = 27) 14.8 (4) 48.1 (13) 37.0 (10)
Number of sounds per pairing

1-3 (n=124) 12.5(3) 54.2 (13) 33.3(8)

4-7 (n=11) 27.3 (3) 364 (4) 36.4 (4)
Number of pairings per minute

1-4 (n = 18) 16.7 (3) 66.6 (12) 16.7 (3)

5 and above (n = 11) - 27.3 (3) 72.7 (8)

Variable” (1 = 6) 50 (3) 333 (2 16.7 (1)
Type of pairing

Delay (n = 15) 40 (6) 33.3(5) 26.7 (4)

Trace (n = 17) - 52.9(9) 47.1 (8)

Delay/trace (n = 3) - 100 (3) -

* Unspecified sounds are not included

® The estimated range of pairings ranged from <1 to >5 per minute

Interestingly, a higher percentage of weak effects were observed when the number of
pairings per minute was 5 and above.

Discussion

The present article reviewed and summarized the current literature evaluating SSP to
increase vocalizations in children with language delays. To quantify treatment out-
comes, an effect size estimate was calculated for a portion of the studies included in the
review. Overall, the research indicates a moderate intervention effect for individuals
with language delays. However, it should be noted that approximately one third of
participants showed only weak effects. Participants who were younger, received delay
pairing, and had controls for adventitious reinforcement tended to have higher
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proportions of positive treatment results. However, firm conclusions are difficult to
draw because numerous procedural and participant variables overlapped, making it
difficult to discern which variable(s) produced the results. Results of this review
indicate that there is currently not a strong research base to guide clinicians in making
decisions about specific procedures because of an overall lack of studies and differ-
ences in participants included, information reported, and procedures employed across
studies. A summary of the findings on participant and procedural variables follows,
with recommendations for researchers about information to report in published research
and potential research questions that remain to be answered.

Most of the studies in our literature review included participants who were male,
aged 5 and under, diagnosed with autism, and did not demonstrate pre-existing
functional language skills. The finding that the majority of studies included toddlers
and preschoolers suggests that researchers may deem the procedure more effective with
younger children. However, it also highlights a gap in our understanding of the use of
the procedure. Thus, future research on the efficacy of SSP with children over age
5 is warranted. Our analysis also indicated that older children did not appear to
benefit as much from the SSP procedure as younger children. It is not surprising
that younger children may potentially respond better to SSP given what we know
about the benefits of early intervention in general (Warren et al. 2011); however, it
should be noted that 43 % of participants over 5 years old still achieved moderate
to strong intervention effects. Future research should consider investigating SSP
with larger samples of both younger and older children with significant language
delays.

Studies varied widely in terms of reporting diagnosis, level of functioning, and
language skills of participants. In future studies, we recommend that authors include a
more comprehensive characterization of participants and include high-quality measures
for assessing and diagnosing participants. A diagnostic assessment battery should entail
an evaluation of social behavior, language and communication, adaptive skills, and
stereotypical behaviors. Assessment tools such as the Autism Diagnostic Observation
Schedule (ADOS; Lord et al. 2012) should be considered to confirm or rule out a
diagnosis of autism, whereas assessments of cognitive development, adaptive skills,
and language skills, may shed light on the characteristics of children that are associated
with better response to SSP.

Participant pre-existing functional language was a variable of interest because it has
been suggested that SSP might be differentially effective with children with severely
impaired vocal behavior (e.g., Yoon and Feliciano 2007). In the current review, only 7
of the 35 target sounds included in the NAP calculation were with participants
classified as displaying functional language. Therefore, it was difficult to draw conclu-
sions about the effectiveness of SSP in relation to this characteristic. However, the
preliminary data from this review indicate that SSP did not result in a strong effect for
any of these participants, whereas 21 % of the targeted sounds in participants classified
as not having functional vocal language showed strong effects of SSP. These results
should be interpreted with caution but point to a potentially interesting area of future
research and may shed additional light on which children may benefit most from the
procedure. It is clear from the review that the results of SSP vary, and participant
characteristics may play an important role in the efficacy of the procedure. For
researchers to be able to refine the procedure and for clinicians to effectively
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implement the procedure, research should begin to identify specific characteristics
of research participants.

Most of the studies targeted sounds that were current sounds for participants but only
occurred as babbling or stereotypy, possibly maintained by automatic reinforcement.
Some studies further specified how frequently the target sounds were heard during pre-
assessment or baseline observations. All of the sounds except one included in the NAP
evaluation were current, limiting the discussion on novel versus in-repertoire sounds.
No direct comparisons of the procedure with in-repertoire versus novel sounds or low
frequency versus high-frequency target sounds have been conducted. These specific
evaluations could be conducted in future research.

The majority of studies included procedures in which one to three sounds per pairing
were emitted by the experimenter, with relatively fewer having investigated four or
more sounds per pairing. Only one study, Miliotis et al. (2012), included a direct
comparison of the number of sounds per pairing. These authors found that increases in
vocalizations were greater when the target sounds were presented one time per pairing
than when presented three times per pairing. Stock et al. (2008) suggested that pairing
ratios that include many presentations of the target sound per delivery of the preferred
item essentially result in the target sound being unpaired more often than paired.
However, in our NAP analysis, there did not seem to be a relationship between the
number of experimenter-emitted sounds per pairing and strength of effect. Future
research should examine if this variable affects the results of SSP by investigating
additional direct comparisons.

From the descriptions of procedures for each participant, we attempted to classify
the type of pairing used. Though delay, trace, simultaneous pairing, and discrimination
training procedures have all been used, most studies have used delay pairing, and
stronger effects were found when delay pairing was employed. The only study to
compare pairing procedures was Lepper et al. (2013), who found discrimination
training and delay pairing to be similarly effective, but the former more preferred.
Potential advantages of discrimination training could be that it requires the participant
to demonstrate observation of relevant features of the neutral stimulus and provides a
guide for the number of pairing trials to conduct (i.e., after differential responding to the
SP and s-delta is demonstrated). A third variation of pairing is response-stimulus
pairing, in which the neutral stimulus and preferred item are delivered together
following a response. Recently, Dozier et al. (2012) found response-stimulus pairing
to be more effective than SSP in establishing praise as a reinforcer with adults with
developmental disabilities. Although not reported to have been evaluated in the SSP
of speech sounds literature, studies that have included observing responses (e.g.,
looking) prior to pairing might be described as employing response-stimulus
pairing. Given that different pairing methods may achieve different results, it is
recommended that future studies specify the type of pairing procedure used,
specify the rationale for its use, and consider conducting comparisons of pairing
type.

The number of pairings per minute varied greatly both within and across studies.
This variable was the least likely to be directly reported by authors, requiring us to
estimate pairings per minute in 9 of the 13 studies reviewed. In our NAP analysis,
weaker effects were achieved when more pairings per minute were conducted.
However, it is important to note that these figures were estimated based on the

@ Springer



Analysis Verbal Behav (2015) 31:215-235 231

descriptions of procedures provided by the authors for all of the studies included in the
NAP calculation. It is recommended that future researchers record and report the
number of pairings per minute conducted. Direct comparisons of varying pairings per
minute may help identify best practices. Alternatively, the pairings per minute may not
be as important as ensuring that a pairing trial is conducted only when there is an
establishing operation at strength for the preferred item being paired. In other words,
fewer pairings per minute conducted at the precise moment the items are preferred may
be more effective than conducting more pairings at times when the item being paired is
not preferred.

A somewhat unexpected finding was that a higher percentage of weak effects were
shown when procedures to control for adventitious reinforcement were not included.
We had hypothesized that studies that did not control for adventitious reinforcement
might yield stronger treatment effects due to the effects of direct reinforcement of
vocalizations and were surprised to find that participants achieved better outcomes
when direct reinforcement was prevented. This finding could be at least partially
explained by the fact that the majority (75 %) of participants who received control
for adventitious reinforcement during their intervention was also younger (5 years or
younger). Because the effects of SSP were stronger for younger participants, it could be
that age influenced the higher percentage of moderate to strong treatment effects and
the fact that these younger participants also happened to receive adventitious reinforce-
ment control was artifactual. Again, this highlights the difficulty of interpreting the
results of this review and calls for more research specifically examining and controlling
for some of these variables.

All of the studies reported procedures for selecting preferred items; however, the
methods and details provided varied greatly. We recommend that future researchers
conduct stimulus preference assessments with items indicated by a caregiver survey
and conduct a brief preference assessment immediately prior to SSP sessions to
increase the effectiveness of pairing. At least one study (i.e. Esch et al. 2005) indicated
that during some pairings, the participant shook his head, “no” and pushed the item
away, potentially compromising the pairing effect. Future research may consider
including procedures within sessions to ensure pairing trials are conducted only when
the paired item is preferred. It might be beneficial to look for other behaviors within the
session that indicate there is a current establishing operation for the preferred item, such
as a gesture, and time the presentation of the pairing trial to correspond with that
indication. For example, a pre-session preference assessment might indicate that an
edible and a toy are preferred. Those two items would then be included in the session.
However, instead of then presenting pairing trials at pre-specified intervals, pairing
trials could be presented every time the child reaches for or gazes at one of the items.
Researchers might also consider conducting reinforcer assessments to demonstrate
reinforcing effectiveness of stimuli. Another variable that should be considered is
whether the paired preferred item competes with or is incompatible with sound
production from the participant. For example, preferred toys that make noise (e.g.,
music toys or movies) or consumption of edibles may actually impede vocalizations.
However, our NAP analysis indicated that stronger effects were found when edibles
alone were used during SSP. Social interactions such as tickles may not impede
vocalizations, but social interactions such as the therapist singing potentially could.
This variable was not examined in the current review because the relevant information
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was typically not reported in studies. However, future research might consider these
issues when selecting items for pairing or specifically seek to examine their effects.

Other procedures that have been used in only a small number of studies also warrant
discussion. For example, some studies interspersed nontarget, unpaired (i.e., S—)
sounds with target, paired (S+) sounds within sessions (i.e., Esch et al. 2009; Miliotis
et al. 2012; Radar et al. 2014). Lepper et al. (2013) included a nontarget, unpaired
sound and a control for presentation of preferred items (i.e., preferred items were
delivered but delayed 20 s after adult sound emission). Interspersal of S— trials may
provide benefits of control for exposure to a sound, as well as making the features of
the S+ more salient to the learner. Future research should continue to employ these
controls as well as rigorous experimental designs to enhance the conclusions that can
be drawn. Last, the manner in which the sounds are emitted by the experimenter may be
an important variable. Studies have shown that infants attend to motherese (i.e., sing-
song speech) more than neutral or monotone vocalizations from others (Cooper and
Aslin 1990). Our review of SSP found that only four studies reported details on the
quality or nature of sound production. Specifically, three studies reported presenting
sounds with different pitches and intonations (i.e., Sundberg et al. 1996) or exaggerated
prosodic patterns (i.e., motherese; Esch et al. 2009; Miliotis et al. 2012) and one
described sound production as monotone (Stock et al. 2008). Future research should
include information regarding the quality of sound production during pairing trials.

Given the results of our review, it is difficult to determine for whom and under what
conditions SSP is most effective. Our analysis was hampered at times by limited details
provided by previous studies, as well as by the overall dearth of research that has been
conducted on this procedure. More research is needed to clarify for which participants
the procedure is most effective. Further, future research should examine variations of
SSP (or other types of pairing procedures) to make recommendations about how
pairing might be optimally conducted. Though clinicians currently use SSP, there are
few, if any, recommendations that can be provided from the literature base to those
wishing to employ it. To date, there have been no randomized, controlled trials of the
SSP procedure to examine its effectiveness in a larger, better characterized sample of
participants. This sort of investigation is warranted given the difficulty in deciphering
which specific procedures are likely to be effective with which populations.
Additionally, all studies included in the literature review were published in the
Journal of Applied Behavior Analysis and The Analysis of Verbal Behavior, premier
journals in the field of applied behavior analysis. However, because of the potential
implications for widespread knowledge of SSP, future researchers should consider
additional outlets for their studies to bring more attention to this clinical procedure
and potentially spur additional interest in other researchers. Finally, it is important to
note that, to date, studies investigating SSP to increase vocalizations have not demon-
strated that the increases observed can be attributed to their functioning as conditioned
reinforcers. To demonstrate this, following pairing trials, vocalizations could be pre-
sented contingent upon a response to demonstrate a reinforcer effect. Petursdottir et al.
(2011) examined the effects of SSP on the preferences for paired and unpaired speech
sounds via button presses that produced auditory stimuli. They found that SSP did not
reliably result in differential selection of the paired speech sounds, suggesting future
research is needed to facilitate both optimal procedures and a solid conceptual foun-
dation for this intervention.
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