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Abstract

Social skill training for individuals with autism spectrum disorder (ASD) frequently targets skill accuracy. However, restricted
and repetitive social behaviors are infrequently addressed. The present study evaluated the efficacy of a modified version of the
Program for the Education and Enrichment of Relational Skills (PEER.S) intervention for improving social skill accuracy as well
as increasing novel responding in three children with ASD. The intervention was facilitated by graduate student researchers ina
clinic-based setting, and targeted secial skills included Two-way Conversation, Finding Similar Interests, and Starting a
Conversation. A multiple bascline design across skills was utilized to evaluate the effects of the modified PEERS. Results
demonstrated that the intervention was generally effective in improving skill accuracy across participants, as well as increasing
novel responding in response to prompis delivered by both researchers and parents. The current study provides a model for
modification of extant social skill training curricula to incorporate strategies that may address restricted and repetitive social

behaviors in individuals with ASD.
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Deficits in social communication, such as atypical prosody
(Tager-Flusberg et al. 2005), difficulty interpreting social cues
(Weiss and Harris 2001), and poor conversational tum taking
(Paul et al. 2016), have been suggested to be the most salient
features of autism spectrum disorder (ASD; Carter et al. 2005).
These deficits are associated with poor long-term outcomes, such
as difficulties establishing friendships (Howlin et al. 2000),
obtaining employment, and maintaining social relationships
(Howlin and Moss 2012). Other researchers have found that
adults with ASD have minimal engagement in social activities
across a range of settings (Cederhmd et al. 2008) md experience
limited independence from caregivers (Lawrence et al. 2010).
Given poor long-term outcomes associated with social skill def-
icits, early social skill intervention is frequently prescribed and
utilized for individuals with ASD (Reichow and Vollomar 2010).

B Keith C. Radley
keith.mdley @utah.edu

! Department of Educational Psychology, University of Utah, 1721
Campys Center Dr, #3225, Salt Lake City, UT 84112, USA

2 Department of Psychology, University of Southern Mississippi, 118
College Dr. #5025, Hattiesburg, MS 39406, USA

Published online: 15 August 2018

In general, positive effects of social skill training programs
are most evident when discrete skills (e.g., how to join in a
conversation) are taught instead of general social behaviors
(e.g., making friends; White et al. 2007). The Program for
the Education and Enrichment of Relational Skills (PEERS;
Laugeson and Frankel 2011) is an example of a social skill
curriculum targeting discrete social skills that are common
deficits in individuals with ASD (Laugeson et al. 2012).
Skills in the PEERS curriculum are introduced through didac-
tic instruction in which a facilitator provides rationale and
instructions for skill use. Didactic instruction i3 accompanied
by modeling of the target skill by a facilitator, followed by
behavioral rehearsal, and the provision of performance feed-
back, During modeling and behavioral rehearsal, participants
are encouraged to answer perspective taking questions in or-
der to enhance understanding of skill use.

Research evaluating the PEERS curriculum has been group
desipn in nature and has consistently documented mprovements
in parent and teacher report of social skill use (e.g., Langeson et
al. 2009, 2015). Additionally, researchers have documented
increased frequency of social get-togethers of participants, im-
proved friendship quality, and knowledge of target social skills
{Langeson et al. 2015). These improvements have been docu-
mented following training in both clinical (Karst et al. 2015)
end educational (Laugeson et al. 2014) settngs, with treatment
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gains being documented at long-term follow-up (Mandelberg et
al. 2014). Finally, evaluations of the curriculum have found it to
be efficacious across cultures (e.g., Yoo et al. 2014),

Although PEERS and other discrete social skill training
programs have demonstrated utility in improving social com-
munication skills in children with ASD, these interventions
rarely assess outcomes related to restricted and repetitive social
behaviors (Wolfe et al. 2014). Although a separate diagnostic
feature, restricted and repetitive behaviors often manifest in
social contexts through restricted patterns of responding, re-
stricted conversational interests, or use of repetitive phrases
(Fisher et al. 2013; Ganz et al. 2008). Recent research has
found that discrete social skill training programs utilizing di-
dactic instruction, behavioral rehearsal, and performance feed-
back produce minimal effects on restricted and repetitive social
behaviors of children with ASD (Radley etal. 2017a), As such,
mterventions should specifically program for addressing re-
stricted and repetitive behaviors through direct reinforcement
of variable and flexible responding (Wolfe et al. 2014).

In their review of 14 studies targeting promotion of variable
behavior in individuals with ASD, Wolfe et al. (2014) identified
lag schedules of reinforcement as the most frequently imple-
mented intervention strategy. A lag schedule of reinforcement
describes a procedure in which reinforcement is enly provided
following a response that differs from a predetermined number
of prior responses (Page and Neuringer 1985). When using a
lag 2 schedule, for example, reinforcement would be provided
only for a response that differed from the two immediately
preceding responses. Lag schedules of reinforcement have
been utilized to promote variability in a range of social behav-
iors, such as responding to questions (Susa and Schlinger 2012)
and varied conversational topics (Lepper et al. 2017).

Despite the apparent utility of lag schedules of reinforcement,
even when incorporated into previously established intervention
strategies (e.g., functional communication training; Adami et al.
2017), no existing social skill curricula incorporate lag sched-
ules to address restricted and repetitive social behaviors.
Recently, researchers have begun to examine modification of
extant curricula to incorporate lag schedules of reinforcement.
Radley et al. (2017a) evaluated the effect of incorporation of lag
schedules of reinforcement in the Superheroes Social Skills pro-
gram (Jenson et al. 2011) on accurate and variable responses of
children with ASD between the ages of 7 and 9. In their study,
Radley et al. (2017a) implemented the Superheroes Social Skills
program without modification, finding implementation to result
in increased skill accuracy but little increase in variable
respending. Following, the program was modified to incorpo-
rate lag schedules of reinforcement during role-play portions of
the intervention. Results indicated increases in variable
responding beyond training without lag procedures without
resulting in decreases in skill accuracy.

In a follow-up study conducted with younger children with
ASD, the incorporation of lag schedules of reinforcement into
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an extant social skill curriculum was found to produce similar
improvements in variable responding relative to training with-
out lag schedules of reinforcement (Radley et al. 2017b).
Together, these studies suggest that incorporation of lag
schedules into extant social skill curricula may result in ben-
cfits that arc apparent in both the primary domains of deficit of
individuals with ASD (i.e., social communication, restricted
and repetitive behavior).

Whereas social skill curricula incorporating didactic in-
struction, modeling, behavioral rehearsal, and performance
feedback have been found to be useful in promoting improve-
ments in social communication, outcomes rarely assess
changes in restricted and repetitive social behaviors (Wolfe
et al. 2014). When researchers have assessed repetitive
responding, social skill training without incorporation of con-
tingencics for response variability has been found to have
minimal effects on restricted and repetitive responding—with
the addition of lag schedules of reinforcement being effective
in increasing the number of novel responses of participants
(Radley et al. 2017a, b). Given these findings, the purpose
of the current study was to evaluate the effect of a subset of
lessons from the PEERS, matched to participant deficits as
reported by parents and modified to incorporate lag schedules
of reinforcement, on novel responding of participants with
ASD. Additionally, the current study sought to extend the
PEERS literature through direct observation of skill accuracy
as a dependent variable. Whereas previous evaluations of the
PEERS have relied on parent, teacher, and self-report of de-
pendent variables of interest, the current study is unique in that
independent observers directly evaluated the performance of
the discrete skills taught as part of the intervention.

Method
Participants

Prior to conducting the study, study procedures were approved
from the affiliate university’s Institutional Review Board, and
consent and assent were obtained from guardians and partici-
pants. Participants in the study included three children with ASD
that were self-referred to a university-based clinic for social skill
training, All participants had previously been diagnosed with
ASD by a licensed psychologist. Additionally, all participants
had special education classifications of autism from school mul-
tidisciplinary teams. To confirm diagnosis, the Autism Spectrum
Rating Scale (ASRS; Goldstein and Naglieri 2009) was admin-
istered prior to data collection. Previous evaluations of the
ASRS have indicated adequate internal consistency across
scales (@ =0.73 to 0.93), with content, criterion, and construct
validity also indicated (Simek and Wahlberg 2011).

No participant demonstrated echolalia, with all participants
being capable of demonstrating age-appropriate expressive
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language. Pseudonyms are used throughout. Mick was a 10-
year-old Caucasian male in fifth grade. On a parent-completed
ASRS, Mick received a total score of 71, which is in the very
elevated range. Christine was a 10-year-old Caucasian female
in the fifth grade. On a parent-completed ASRS, Christine
received a total score of 70, which is in the very elevated
range. John was a 7-year-old Caucasian male in the third
grade. On a parent-completed ASRS, John received a total
score of 79, which is in the very elevated range. All parents
reported highly restricted and repetitive communication by
participants. For Mick, this was cars; for Christine, this in-
volved books, specifically the Babysitters club; and for
John, this involved dinosaur. At the time of the program, none
of the three participants were receiving concurrent services
targeting social skills. However, parents of participants report-
ed that all participants were receiving school-based special
education services for academic skills in inclusive settings.
All procedures in the current study took place in a
university-based clinic in the Southeastern United States.
Although the PEERS is frequently implemented in school set-
tings (e.g., Laugeson et al. 2014), a more controlled clinic set-
ting was selected to provide increased internal validity for the
pilot study, The room contained a long rectangular table and
chairs in the center of the room, as well as a dry erase board.
Social skill groups were conducted one aftermoon per week for
12 weeks, with each social skill group being 1.5 h in duration.

Materials The PEERS curriculum for school-based profes-
sionals (Laugeson 2014) was utilized as the intervention for
this study. This program is an adaptation of a parent-/caregiv-
er-assisted social skill intervention for high-functioning ado-
lescents with ASD (Laugeson and Frankel 2011). The curric-
ulum intended to be implemented by teachers in a classroom
setting, with skills being introduced sequentially. However,
for the current pilot study, the procedures were modified to
allow for implementation once per week in a non-school set-
ting, Specifically, trained skills were selected based on partic-
ipant deficits and no homework assignments were provided.
Homework was omitted from the current study as the unmod-
ified PEERS curriculum is intended to be implemented for 30
to 60 min, 4 to 5 days per week with one of these days desig-
nated solely to homework review. Due to the time constraints
and frequency in which the participants received intervention,
homework was omitted in the modified version.

In addition to the PEERS manual, toys and games were
used during free time periods and during skill probes. Toys
and pames utilized during the group included Jenga, Guess
Who, Legos, blocks, and toy figurines.

Cumulative Novel Responses The primary dependent measure
of the current study was the cumulative novel responses

produced by the participants for three target skills. Target
skills included Two-way Conversation, Finding Similar
Interests, and Starting a Conversation. Finding Similar
Interests was a sub-section under the Choosing Appropriate
Friends lesson from the PEERS curriculum for school-based
professionals. The same opportunities to engage in a target
skill were provided throughout each phase of the study
(Table 1). The conversation topic that was selected for
Finding Similar Interests skill was informed by parent report
of their child’s preferred items. Two to three opportunities to
engage in a skill were provided during baseline and mainte-
nance phases per session. Nine opportunities to engage in a
skill were provided for target skills in intervention during each
session, with additional data collected dependent upon data
stability. Two school psychology doctoral students who did
not facilitate social skill lessons provided opportunitics to en-
gage in target social skills.

A novel response was defined as a response that is topo-
graphically different than all previous responses given, but
still contextually appropriate for the given opportunity to en-
gage in a target skill. For example, a participant response of
“How is your day going?” meets the criterion of being differ-
ent than a response of “What are you going to do when you get
home?”. However, a response of “What are you going to do
when you get home?” in response to the opportunity to en-
gage, “Hey I heard you were interested in dinosaurs™ would
not meet the criterion, as it does not represent a contextually
appropriate response. Additionally, responses that had the
same meaning as a previous response and differed only by
omission of words were not considered to be novel (e.g., “how
is your day going™ and “how is your day™).

Novel responding was measured based upon a single step
within the task analyses for each skill. For Two-way
Conversation, the step that was evaluated for variable
responding was step three, ask an open-ended question. For
Finding Similar Interests, step three, ask a question about
hobbies/interests, was evaluated. For Starting a Conversation,
step four, make a comment/open the conversations by bringing
up a topic, was evaluated for novelty. Following provision of an
opportunity to engage in a skill, researchers recorded the ver-
batim response of the participant to determine whether criteria
for a novel response were met.

Generalized novel responding was also assessed across
persons. Specifically, participant’s novel responding when
provided an opportunity to engage in a skill by a parent was
assessed identically as in the training setting. For Two-way
Conversation and Starting a Conversation, opportunities to
respond were provided by participant’s own parent. For
Finding Similar Interests, opportunities to respond were pro-
vided by another participant’s parent. Parents were trained to
deliver opportunities to engage in target skills via behavioral
skills training by a school psychology doctoral student who
did not facilitate social skill lessons. Additionally, parents
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were cued to provide opportunities to engage in the target skill
by the same doctoral student who peinted to their clipboard to
indicate which opportunity to engage in a skill to provide. All
generalization probes were conducted in the same room that
training was implemented in.

Skill Accuracy A secondary dependent measure of the current
study was the percentage of skill accuracy of three target skills
in the training setting. Skill accuracy was assessed in response
to the same opportunity to engage in a skill and simultaneous-
ly to assessment of novel responding. Following provision of
an opportunity to engage in a skill, researchers recorded the
number of skill steps accurately demonstrated and divided the
total number of accurate steps by the number of possible steps
to calculate the percentage of skill accuracy. A task analysis of
skill steps for cach target skill was derived from the PEERS
manual (Table 1). Generalized skill accuracy data were also
collected as a secondary measure.

1. Orient posture towards conversation partner

2. Give a signal to obtain the partner’s attention
w/ a conversation partner or nod head

4. Make a comment, open the conversation by bringing up a topic
6. Provide a relevani comment in response

Opportunity to engage in the skill: Sit next to participant
3. Make eye contact within 5 s and sustain for 3 s
5. Listen by remaining oriented and maintaining eye contact

Starting a conversation

Autism Spectrum Rating Scale The ASRS (Goldstein and
Naglieri 2009) was completed by parents of participants prior
to collection of baseline data and upon conclusion of the study.
The ASRS is a 71-item measure that may be utilized in diag-
nosis, intervention development, and progress monitoring.
Items on the ASRS are rated on a five-point Likert scale, with
itemns ranging from 0 (never) to 4 (very frequently). The ASRS
yields a total score and a DSM-5 scale, as well as several
subscales. Subscales of interest in the current study included
the Atypical Language subscale, which includes items related
to off-topic and repetitive spoken communication, and the
Behavioral Rigidity subscale, which includes items related
to doing things the same way each time and insistence on
routine. Finally, the Peer Socialization and Adult
Socializaticn subscales were included as subscales of interest.

to do that, how long have you done that)

contact w/ partner or nod head
5. Respond with a relevant response (e.g., I really like

I heard you like

1. Orient head/shoulders towards the person

their interests are
4, Listen by remaining oriented and maintaining eye

Opportunity to engage in the skill: Hey (participant’s name),
3. Ask a question about what hobbies they like/what

2. Make eye contact within 5 s and sustain for 3 s

Finding similar interests

Procedure

Skill Identification Prior to collection of baseline data, parents
of the participants completed the Autism Social Skills Profile
(ASSP; Bellini and Hopf 2007). Information obtained from
the ASSP was used to identify skill deficits, with three target
skills from the PEERS manual selected based upon this infor-
mation. Although the PEERS is typically implemented as a
whole, selection of three target skills was performed to tailor
the program to the specific deficits demonstrated by partici-
pants and not spend time addressing skills in which the par-
ticipants already demonstrated proficiency.

Baseline Following identification and development of task
analyses of the target skills, baseline data commenced.
During baseline, doctoral students and parents provided op-
portunities to engage in the target skill to participants for the
three target skills. Data collection began by either a doctoral

Task analyzes of target skills

more than one-word answers (use how or why)
4. Listen by remaining oriented towards and maintain eye

contact w/ conversation partner or nod head

Opportunity to engage in the skill: Hey (participant’s name)
3. Ask open-ended question, ask a question that requires

1. Orient head/shoulders towards the person

2. Make eye contact within 5 s and sustain for 3 8

Two-way conversation

Table 1
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student or parent providing an opportunity for a participant to
demonstrate a target skill (see Table 1). Following presenta-
tion of an opportunity to demonstrate a skill, a doctoral student
recorded the number of skill steps demonstrated by the partic-
ipant and recorded the participant’s verbatim response to de-
termine novel responding. No performance feedback regard-
ing skill accuracy or novel responding was provided during
this phase. Probes were provided in the order in which they
were to be trained according to the PEERS manual. At the
conclusion of probes, participants were thanked for their par-
ticipation. No other reinforcement was provided.

Intervention All social skill training procedures were facilitat-
ed by two third-year school psychology doctoral students.
Social skill training was conducted once per week for 1.5-h
sessions, A modified version of the PEERS curriculum for
school-based professionals was utilized during intervention.
At the beginning of the social skill lesson, participants were
greeted and the daily schedule was reviewed. Next, the target
skill was introduced and the rationale incorporated within the
PEERS manual was explained. Following, the two facilitators
modeled accurate and inaccurate demonstration of skill utiliz-
ing the scripts from the PEERS manual, For the Finding
Similar Interest lesson, however, a script was developed
(Table 2) as no specific script for this skill was available in
the manual. Three exemplars of each target behavior were
modeled prior to the role-play session (Table 3). Participants
then role-played using the target skill with the two facilitators
and were provided with corrective feedback or praise depen-
dent on performance. To address restricted and repetitive
responding, a lag 2 schedule of reinforcement was used during
the intervention phase, meaning that in order for a participant
to receive praise they had to provide a response that was both
accurate and that differed from their two previous responses to
the same opportunity to engage in the target skill. Consistent
with previous applications of lag schedules, praise was pro-
vided based only in accurate responding during the first role
play (e.g., Wolfe et al. 2014). During the second role play,
praise was provided following a response that was accurate
and differed from the response to the first probe (i.e., identical
to lag 1). During all following role plays, praise was provided
following responses that met the lag 2 schedule.

Contingent upon incormrect demonstration of skill or failure
to meet the lag requirement, facilitators provided corrective
feedback using a least-to-most prompting procedure (e.g.,
Murzynski and Bourret 2007). For failure to meet the lag re-
quirement, the facilitators stated, “you have already said that,
try a different response next time,” Additionally, if participants
still did not meet the requirement, the facilitators stated “you
have already said that, next time try [previously modeled
response].” Role play continued until each participant met
the lag 2 requirement one time. Lastly, participants played a
game involving the entire group in which the target skill was
used. More specifically, the game for Two-Way Conversation
was “Treasure Hunt,” in which a participant had to ask the
facilitators and other participants questions to locate a specific
toy; the game for Finding Similar Interests was “Question
Ball,” in which the participants had to ask a specific question
(as indicated by the question ball) to another participant; the
game for Starting a Conversation was “Heads Up, Seven Up,”
in which the participants were required to maintain eye contact
when making a guess on who pushed their thumb down.

Following the game, probes were conducted while partici-
pants engaged in a free time period. Probes were delivered by
two school psychology doctoral students who did not fagilitate
the social skill lessons. The opportunities to engage in a target
skill utilized during intervention phase probes were identical
to those used during baseline. Praise (e.g., “good job!™) was
provided for accurate skill demonstration and demonstration
of varied responses. Error correction was provided for inaccu-
rate skill use. For responses that were accurate but did not
meet the lag 2 schedule, prompting was provided using the
same procedures that were used during the role-play sessions.
Generalization data was collected using these same proce-
dures; however, the parent wag the person providing the
prompt, praise, and, if necessary, corrective feedback to the
participant. Praise and corrective feedback were left in place
during generalization probes as a means of sequential modifi-
cation (Stokes and Baer 1977). At the end of the lesson, par-
ticipants that had demonstrated at least seven responses that
met the lag 2 criteria were rewarded with a small toy from a
prize box. Seven responses were selected because the partic-
ipants were given nine opportunities to respond, and seven
responses most closely approximated meeting the lag 2

Table 2 Finding similar interests’
seript

Speaker Inappropriate

Appropriate

Person 1
Person 2

Hey, I heard you like gymnastics.
Yes, it’s my favorite. I really like all the things you can do.
Beam is my favorite. Bars really hurt my hands. Vault

Hey, I heard you like gymmastics.
Yes, I really do! What do you like
to do in your free time?

is cool because you can run and jump and do really cool

flips. (go on and on)

Person 1
Person 2

Ilike .
Oh, that’s really cool—so do I!
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Table 3 Training exemplars -
Two-way conversation

Finding similar interests Starting a conversation

1. What are you going to do when
you get home?
2. How is your day going?

3. What are you doing this weekend?

1. What is your faverite hobby? 1. How are you doing?

2, What do you like to do in
your free time?

3. What are you interested in?

2. What are you up to?

3. Let us do something,
what do you want to do?

criteria during 80% of responses. This criterion was the same
across all participants and throughout all phases.

Maintenance In order for the maintenance phase to begin, at
least two participants had to demonstrate stable levels of ac-
curacy for the target skill. Once this occurred, a new skill was
introduced and the previously taught skill was moved to main-
tenance. As such, maintenance data collection began one
week after completion of an intervention phase. For Two-
way Conversation, maintenance data were collected during
five sessions, for Finding Similar Interests, data were collected
during three sessions, and due to time constraints and the
school year ending, there were no maintenance data collected
for Starting a Conversation. Maintenance data were collected
to assess the extent to which skill accuracy and novel
responding continued to be demonstrated. During this phase,
researchers and parents provided the same opportunity to en-
gage in a target skill utilized during baseline and intervention
phases. Identical to the baseline phase, performance feedback
was not provided for accurate responding or novel responses.

Interobserver Agreement Interobserver agreement (IOA) was
obtained by school psychology doctoral students. Prior to the
study, the doctoral students were trained by the primary re-
searcher. Specifically, doctoral students were given the task
analyses to review and then practiced coding, recording ver-
batim responses, and determination regarding novelty of re-
sponses while other doctoral students role-played each of the
target skills. Coding of task analyses, recorded verbatim re-
sponses, and dichotomous determinations of novel responding
were then compared, and error correction was provided. This
procedure continued until all doctoral students demonstrated
100% IOA with the primary researcher during three consecu-
tive role plays. During the study, doctoral students indepen-
dently recorded skill accuracy of each of the target skills. The
number of agreements in demonstrated steps was divided by
the number of agreements and disagreements and that value
was multiplied by 100 to calculate IOA. Additionally, IOA
was calculated for novel responding by comparing raters’ di-
chotomous determinations regarding the novelty of a re-
sponse. All [OA was competed during the actual observations,
If IOA fell below 80% for either skill accuracy or novel
responding, observers were retrained by the primary research-
er using the same training procedures previously described.
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During each phase, I0OA was collected for a minimum of 20%
of observations. For Mick, IOA was calculated for 56% of all
observations with a mean of 97% for skill accuracy and 100%
for novel responding. For Christing, IOA was calculated for
37% of all observations with a mean of 97% for skill accuracy
and 100% for novel responding. For John, IOA was calculated
for 39% of all observations with a mean of 99% for skill
accuracy and 100% for novel responding.

Procedural Integrity Procedural integrity was evaluated using
an integrity checklist during each session. The checklist steps
included data collection procedures specific to the current study,
and when applicable, intervention steps derived from the PEERS
curriculum for school-based professionals manual, Two doctoral
students who did not facilitate the intervention completed the
procedural integrity checklist in real time during each session.
Procedural integrity was calculated by dividing the number of
steps completed by the number of possible steps, then nmultiply-
ing that value by 100. IOA for procedural integrity was calculat-
ed by dividing the mumber of agreements of steps completed by
the number of agreements and disagreements, then multiplying
that value by 100. All study procedures were implemented with
100% integrity across all sessions with IOA of 100%.

Data Analyses

The study utilized a multiple probe design across skills with
concurrent replication across participants (Gast 2010). Target
skills were assessed across three phases, baseline, intervention,
and maintenance. Phase changes occurred based upon visual
analysis of skill accuracy data for researcher-delivered probes,
with phase changes made following demonstration of data sta-
bility for at least two participants. Data were analyzed via visual
analysis of level, trend, variability, consistency across similar
phases, overlap, and immediacy of effect (Kratochwill et al.
2010) for both skill accuracy and cumulative novel responses.

Results

Cumulative Novel Responses

During baseline, Mick demonstrated no novel responses for
the Two-way Conversation and Finding Similar Interest skills
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during both researcher- and parent-delivered probes
(Fig. 1). One novel response to a researcher-delivered
probe was observed for the Starting a Conversation skill.
Following implementation of the intervention, rapid in-
creases in the cumulative number of novel responses pro-
vided were cbserved for Two-way Conversation, Finding
Similar Interests, and Starting a Conversation across both
researcher- (9, 3, and 7 novel responses, respectively) and
parent-delivered probes (7, 5, and 6 novel responses, re-
spectively). Data collected during maintenance indicated
smaller improvements in cumulative novel responses for
both researcher- and parent-delivered probes.

With the exception of one novel response to a researcher-
delivered probe, Christine demonstrated zero novel responses
across skills during baseline (Fig. 2). Following the introduc-
tion of intervention, rapid increases in novel responses were
observed for all skills during both researcher- (7, 6, and 5
novel responses, respectively} and parent-delivered probes
(5, 4, and 5 novel responses, respectively). For researcher-
delivered probes of Two-way Conversation, cumulative novel
responses continued to increase during maintenance. For
Finding Similar Interests, minimal increases in the cumulative
novel responses were observed during maintenance,

During baseline, John demonstrated one novel response
during researcher-delivered probes and two novel responses
during parent-delivered probes for the Two-way Conversation
skill (Fig. 3). No novel responses were observed for the
Finding Similar Interests skill. Following introduction of the
intervention, increases in the number of novel responses were
observed for Two-way Conversation and Finding Similar
Interests during researcher- (2 and 5 novel responses, respec-
tively) and parent-delivered probes (2 and 5 novel responses,
respectively). Maintenance data indicated minimal change in
levels of novel responding from the intervention phase.

Skill Acquisition

Mick demonstrated low to moderate levels of skill accuracy
across the target skills during baseline for researcher- and
parent-delivered probes (Fig. 4). Following introduction of
the intervention, rapid improvements in skill accuracy were
observed across skills for both researcher- and parent-
delivered probes. During maintenance, high levels of variabil-
ity in skill accuracy were observed for Two-way Conversation
and Finding Similar Interests.
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Fig. 2 Cumulative novel Beseline Intervention Maintenance
responses of Christine g_
]11: P o
% - L [ ]
g': o — a]
% Two-Way Conversation
0 meememn
é i%
1]
g EE ® @ e
2 g
g g.: - [} [m] [m]
i: A .g_-éfﬂ Finding Similar Intercsts

-8 Rescarcher
-8 Parent

laaanasaanl o-onmimnm

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Probe

bt et
=i P U S-S =il falh

During baseline, Christine demonstrated low to moderate  During intervention, immediate increases in skill accuracy
angd variable levels of skill acquisition for all target probes  were observed across all skills for researcher-delivered
during researcher- and parent-delivered probes (Fig. 5).  probes, with some variability observed for the Starting a

Fig.3 Cumulative novel Baseline Intervention Maintenance
responses of John }2:
Fi
114
lg:
gi
o u] [
g 3 i et ees &
%: =HE O [m] EI{.-O-C,-. TWO-W&YC .
§ oo o -hishiddddhdd
g s
14
13
12
11
lg
i
6
5
.t
%
1 .i‘./ Finding Similar Intcrests
0{ some ele Ose0ee0es

0 2 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

g

Probe

€) Springer



Adv Neurodev Disord

Fig. 4 Social skill accuracy of Baseline
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Conversation skill. Generalization data revealed improved
skill accuracy over baseline levels. High levels of variability
were noted in the maintenance phase for both training and
generalization, with the high levels of accuracy observed dur-
ing the intervention phase not being maintained.

John demonstrated low to moderate levels of accuracy for
both researcher- and parent-delivered probes for Two-way
Conversation during baseline (Fig. 6). Due to substantial var-
iability, additional baseline probes were conducted. Data for
Finding Similar Interests demonstrated generally low levels
throughout the baseline phase for both researcher- and
parent-delivered probes. Due to participant absence and sub-
sequent lack of intervention phase data, data for the Starting a
Conversation are not presented. John was also absent for one
intervention session for Two-way Conversation, resulting in
fewer data points collected for this skill in comparison to other
participants. During intervention, substantial overlap in data
was observed for Two-way Conversation. For Finding Similar
Interests, delayed improvements in skill accuracy were ob-
served. Maintenance phase data indicate generally low levels
of skill accuracy across both researcher- and parent-delivered
probes. Due to absence, no maintenance data were collected
for Finding Sirilar Interests.

Probe

Autism Spectrum Rating Scale

Pre- and post-intervention parent ratings on the ASRS are
presented in Table 4. With the exception of Christine for the
Peer Socialization subscale, all scores across participants were
observed to decrease from pre- to post-intervention. In order
to quantify changes from pre- to post-intervention, paired
sample ¢ tests were conducted. Significant changes were ob-
served in the DSM-5 scale, #(2)=4.500, p=0.046, and the
Atypical Language subscale, #(2)=5.166, p=0.035.
Although mean improvements were observed in other scales
of interest, statistical significance was not obtained.

Discussion

The purpose of the present study was to evaluate the effect of
the PEERS curriculum, modified to incorporate lag sched-
ules of reinforcement, on discrete skill acquisition and novel
responding in children with ASD. Across all participants,
implementation of the modified curriculum was associated
with increases in the number of exemplars of appropriate
and novel responses demonstrated by participants following
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Fig. 5 Social skill accuracy of Baseline
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researcher-delivered probes. Previous research has found
social skill curricula incorporating similar clements to the
PEERS to result in minimal improvements in restricted

Fig. 6 Social skill accuracy of Baseline
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observed following implementation of lag schedules
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Table 4 Pre- and post-intervention ASRS scores

ASRS total DSM-5 Atypical language Behavioral rigidity Peer socialization Adult socialization
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
Mick T1*¥k 5% VL i B h Y B i 60* TY*** Torxx 67** 61%* 62% 60*
Christine ~ 70*%* 59 69k 62* 62% 44 61% 47 T4k TGk 62% 49
JO]]I) 79*** 64* 77*** 64* 78*** 68** 75*** 67** 7'1*** 61* 7'4*** 66**
*¥#5cores are very clevated
**Beores are clevated
*Scores are slightly elevated

consistent with previous research, finding lag schedules of
reinforcement to be a useful strategy for addressing restrict-
ed and repetitive behaviors in individuals with ASD (e.g.,
Lepper et al. 2017; Susa and Schlinger 2012).

Whereas findings of improved novel responding to
researcher-delivered probes are important, findings regard-
ing increased novel responding to parent-delivered probes
are particularly noteworthy. A growing body of research
indicates the utility of lag schedules in increasing variable
responding (e.g., Adami et al. 2017); however, few studies
have evaluated generalization across persons (Wolfe et al.
2014). Of those studies evaluating generalized effects of
lag schedules (Argott 2010; Lee and Sturtmey 2014; Lee
et al. 2002), mixed results have been obtained. Although
additional research is necessary to determine those ele-
ments that may promote generalization of variable behav-
iors, the current study provides encouraging support re-
garding the potential for social skill curricula incorporating
lag schedules of reinforcement to result in generalized im-
provements in both skill accuracy and novel responding.

Results of the study also indicated that implementation of
the intervention resulted in improvements in skill accuracy
across all participants and skills, except for the Two-way
Conversation for John. Skill accuracy data collected via direct
observation support previous research finding parent, teacher,
and self-ratings of social functioning and related skills to im-
prove following participation in the PEERS (Laugeson et al.
2014; Mandelberg et al. 2014; Schohl et al. 2014). Also
supporting previous research indicating improved social skill
use under non-training conditions, data collected during
probes with parents indicate improvements in skill accuracy
with adults not involved in training. These findings are impor-
tant, as generalization has been reported to be a particularly
challenging aspect of social skill training with individuals
with ASD (Barry et al. 2003).

It should be noted that novel responding slowed and skill
accuracy decreased from intervention phase levels during
maintenance phases in which reinforcement for demonstrating
all target skill steps was no longer provided. As an additive
analysis of PEERS and reinforcement strategies was not

conducted because it is difficult to evaluate the relative con-
tribution of each component of intervention to the observed
outcomes. However, the decrease in novel responses and skill
accuracy during maintenance suggests that provision of rein-
forcement may have an important effect on the outcomes of
the current study. Future researchers may consider a more
gradual thinning of the schedule of reinforcement as a means
of maintaining high levels of accuracy and novel responding
following termination of intervention procedures.

The generalized effects of the intervention are further
indicated by changes in parent ratings on the ASRS. Of note
are the significant changes observed in the Atypical
Language subscale, as items on this subscale are directly
related to behaviors targeted in the current study (e.g., repet-
itive and out-of-context speech). As improvements in parent
ratings were generally noted and often resulted in partici-
pants moving from one descriptive category to another, a
failure to obtain significant changes on other scales of inter-
est may be due to the small sample included in the current
study—with research suggesting acceptable power may on-
ly be reached if effects are very large when using  tests with
small samples (Winter 2013). Despite limitations associated
with the pre—post nature of the ASRS in the current study,
these data provide preliminary support for the effect of
clinic-based intervention on behavior of participants in more
naturalistic settings (e.g., school, community).

Limitations and Future Directions

The results of the current study must be viewed in light of
several limitations. First, no additive component analysis
was conducted as in Radley et al. (2017a, b). As such, the
effect of the PEERS without modification on novel
responding is unknown. Although research evaluating pro-
grams containing similar practices has demonstrated the utility
of lag schedules of reinforcement in promoting variable
responding beyond training multiple exemplars (Radley et
al. 2017a, b), future researchers should consider conducting
an additive component analysis to determine the relative con-
tribution of lag schedules to the results observed. Second, due
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to absence, not all participants were exposed to all skills or
equal amounts of training in each skill. More specifically,
John did not receive training in the Starting a Conversation
gkill. Relatedly, John’s absence precluded collection of main-
tenance data for the Finding Similar Interests skill. Although
data collected for Mick and Catherine meet What Works
Clearinghouse Standards for single-case design (Kratochwill
et al. 2010), it is not possible to make conclusions regarding
functional relationships for John due to the lack of data. As
such, it would be beneficial to replicate the procedures of the
current study to establish finctional control with a larger num-
ber of participants. Treatment dosage in relation to response to
lag schedules should also be considered in future research, as
the participant with the poorest attendance (i.e., John) demon-
strated the smallest and most delayed response to intervention.

It should be noted that there was no assessment for skill
acquisition deficits or performance deficits (Gresham and
Elliott 1987). As such, it is possible that participants did not
require training in discrete skill steps in order to demonstrate
the improvements in skill accuracy observed during the inter-
vention phase. In such a case, participants may have only
required reinforcement in order to demonstrate target skills
with a high level of accuracy. Given this limitation, it is im-
perative that future investigations conduct assessments for
skill acquisition and performance deficits in order to deter-
mine the necessity of the full intervention program (e.g.,
Bellini et al. 2007).

Although data collected in the current study indicate
participant performance under intervention conditions
(e.g., reinforcement contingencies in place), it is unknown
whether participants would have demonstrated similar
levels of accuracy and novel responding to probes during
the intervention phase in which consequences for accurate
and novel responses were not in place. In an effort to assess
the broader effects of the procedures utilized in the current
study, researchers may conduct intervention phase probes
under conditions dissimilar to training (e.g., no reinforce-
ment or performance feedback provided).

Finally, generalization data was collected with parents in
the training setting, Although findings of generalization are
important, stimuli in the training setting may have served as
cues for variable skill use. In order to extend the findings of
the current study, data should be collected in non-training
environments with novel communication partners to better
assess the generalized effects of social skill training programs
incorporating lag schedules of reinforcement. Future re-
searchers may also consider collecting and assessing other
variables that may indicate the social validity of the mod-
ified PEERS as implemented in the current study. These
data may include duration and frequency of social inter-
actions with peers during unstructured periods, parent re-
ports of skill accuracy and restricted and repetitive behav-
iot, and sociometric data.
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