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This study compared the effects of Picture Exchange Communication System (PECS)
and sign language training on the acquisition of mands (requests for preferred items)
of students with autism. The study also examined the differential effects of each
modality on students’ acquisition of vocal behavior. Participants were two elementary
school students with autism enrolled in a suburban public school. Training sessions in-
volved presentations of preferred items, prompting and prompt fading procedures.
Probes were conducted to evaluate the generalization of learned mands to classroom
teachers. For one participant, sign language training produced a higher percentage

of independent mands. PECS training produced a higher percentage of independent
mands for the other participant. For both participants, sign language training produced
a higher percentage of vocalizations during training. Mands learned with the experi-
menter generalized to classroom teachers. The results of the study suggest that ac-
quisition of picture exchange and sign language may vary as a function of individual
student characteristics, specifically, motor imitation skills prior to intervention. However,
further research is needed to determine the optimal procedures for teaching both
modalities to students with communication difficulties.

peech deficits are common to chil-

dren with autism (American Psychi-
\_J atric Association, 2000). Approx-
imately 50% of children diagnosed with
autism will remain functionally mute in
adulthood (Peeters & Gillberg, 1999).
Even with carly intensive intervention
including speech instruction, some chil-
dren may fail to acquire useful speech
(c.g., Lovaas, 1987). Training in aug-
mentative and alternative communica-
tion (AAC) is an option for children with
autism who do not readily learn speech.
Two AAC modalities, sign language and
picture exchange, show promise for teach-
ing communication to nonvocal learners.

In sign language training, children may
be taught to mand or request preferred
items, engage in conversation, and emit
verbal behavior under the control of var-
ious stimulus conditions (cf. Sundberg &
Partington, 1998). Although there has
been little recent research on sign lan-
guage intervention for children with au-
tism, there is evidence that simultancous
communication training in teaching signs
and speech produces favorable commu-
nication outcomes for children with au-
tism and other developmental disabilities
(e.g., Brady & Smouse, 1978; Konstan-
tantareas, 1984; Layton & Baker, 1981).
The Picture Exchange Communication

System (PECS; Bondy & Frost, 2002), a
popular picture exchange system used
primarily for children with autism (Na-
tional Research Council, 2001), teaches
children to exchange picture symbols to
mand and tact items, among other func-
tions. Initial studics suggest that most
children taught PECS acquire indepen-
dent use of the system, and many even
acquire functional speech (Bondy & Frost,
1994; Charlop-Christy et al., 2003;
Schwartz, Garfinkle, & Bauer, 1998).
Given the positive reported outcomes
for cach modality, choosing between sign
language and PECS may be difficult. Al-
though some have argued for the bene-
fits of teaching one AAC system over
others (c.g., Sundberg & Partington,
1998), it is unlikely that any single sys-
tem best mects the diverse needs of all
children with autism and multiple dis-
abilities. A number of factors, including
cognitive and motor abilities, may influ-
ence a child’s acquisition of an AAC
system (Bonvillian & Blackburn, 1991).
Four comparison studies of sign lan-
guage and picture-based systems, de-
scribed below, have yielded mixed and
unclear evidence about the advantages
and disadvantages of cach system.
Hodges and Schwethelm (1984) taught
52 nonvocal children with mental retar-
dation sign language and two types of
picture-based systems. In the sign lan-
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guage condition, participants were taught
to form hand signs to request preferred
items (e.g., food). In the picture-based
conditions, participants were taught to
match picture symbols to food and non-
food objects and to assemble picture
symbols into sentences. Sign language
training produced more rapid acquisition
and more correct responses than picture-
based training; however, participants’ ac-
quisition of sign language may have been
enhanced by the availability of preferred
items only in this condition. The results
of this study may therefore have limited
generality to PECS, in which learners are
taught to exchange picture symbols to
mand preferred items from the begin-
ning of training (see Bondy & Frost,
2002).

Extending Hodges and Schwethelm’s
(1984) study, Sundberg and Sundberg
(1990) and Wraikat, Sundberg, and
Michael (1991) taught adults with mild
to moderate mental retardation to name,
point to, and answer simple questions
about a group of nonsensc items with
sign language and picture-based training.
On average, participants showed fewer
trials to criterion and greater response ac-
curacy with sign language training. At
least two factors may limit the generality
of these findings to picture-based sys-
tems, such as PECS. First, participants
were taught to point to picture symbols
rather than to exchange them, as taught
with the PECS system. Second, partici-
pants demonstrated “manual dexterity
allowing for the formation of signs”
(Sundberg & Sundberg, 1990, p. 33;
Wraikat et al., 1991, p. 4) prior to inter-
vention, but some nonvocal persons with
developmental disabilities may have
motor imitation difficulties that limit
sign language acquisition (Seal & Bonvil-
lian, 1997). Additionally, ncither study
compared the effects of training on par-
ticipants’ acquisition of mands, which is
the first verbal operant taught within the
PECS system.

In the only published study to exam-
ine sign language and PECS directly, Ad-
kins and Axelrod (2001) compared sign
language and PECS training for a child
with pervasive developmental disorder.
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The participant exhibited fewer trials to
criterion and more generalized responses
in the PECS condition. Methodological
problems, including the absence of sys-
tematic procedures for selecting pre-
ferred items and the failure to control for
a history of exposure to cach training
modality prior to the study, may also
limit the generality of these findings.

Comparison studies provide mixed
and unclear evidence about the relative
effectiveness of sign language and picture-
based systems, including PECS. A par-
ticular question is the relationship of pre-
existing skills to the acquisition of each
modality. Bondy and Frost (1994) sug-
gested that PECS may be a better avenue
of AAC training because it does not re-
quire the learner to have certain preex-
isting skills, such as imitation. Successtul
acquisition of sign language, in contrast,
may depend on the learner’s imitative
skills prior to training. Another concern
is the development of speech. Although
the primary goal of AAC training is to
teach communication skills, speech de-
velopment may be a secondary benefit
for some learners (Bondy & Frost, 1994;
Charlop-Christy ct al., 2003; Yoder &
Layton, 1988). More research is needed
to clarify the relationship of cach modal-
ity to children’s preexisting skills, includ-
ing imitation, and subsequent speech de-
velopment.

The purposc of this study was to com-
pare the effectiveness of sign language
and picture exchange training on the ac-
quisition of mands (requests for pre-
ferred items) for children with autism. A
particular question addressed by the
study was the relationship of cach modal-
ity to participants’ preexisting motor im-
itation abilities. The study also examined
the impact of cach modality on the de-
velopment of speech during training,.

Method

Participants and Setting

The participants were two school-aged
children with autism spectrum disorders,
enrolled in a self-contained classroom for
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children with multiple disabilitics within
a public school. The participants were se-
lected for the study because of their in-
abilities to use functional speech. Each
participant used gesturing as his or her
primary means of communication. Ex-
perimental sessions occurred in the chil-
dren’s self-contained classroom.

Carl was a 5-ycar, 10-month-old
African American male with diagnoscs of
autism and mental retardation. A recent
administration of the Childhood Autism
Rating Scale (CARS; Schopler, Reichler,
& Renner, 1988) placed Carl within the
severely autistic range. Anccdotal reports
from teachers and classroom obscrvation
by the author indicated that he could vo-
cally imitate some words, but did not use
specch to communicate without teacher
prompts. Jennifer was a 6-ycar, 8-month-
old Asian American female with a diagno-
sis of pervasive developmental disorder—
not otherwise specified (PDD-NOS). A
recent administration of the Gillinm Au-
tism Rating Scale (GARS; Gilliam, 1995)
suggested an average degree of autistic
severity. A recent administration of the
Developmental Profile=I1 (Alpern, Boll,
& Shearer) indicated an 1Q equivalence
score of 54 for Jennifer, suggesting a
moderate degree of mental retardation.
Anecdotal reports from  teachers and
classroom observation by the author in-
dicated that she could vocally imitate
some words and phrases. She did not use
speech to communicate without teacher
prompts.

Design

The study used an alternating treatments
design with initial baseline phase and
final “best-treatment” phase (Cooper,
Heron, & Heward, 1987) to compare
the effects of sign language and picture
exchange training. Following baseline,
Carl and Jennifer received sign language
and picture exchange training in alternat-
ing treatments. Treatments were coun-
terbalanced across days of the weck, time
of day, order of presentation, and persons
delivering the treatment to reduce the
likelihood of variables other than the
treatments influencing the target behav-
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ior. In the best-treatment phase, only the
most effective training modality was ad-
ministered to teach requests. The best
treatment for Carl was sign language
training, while for Jennifer it was PECS
training,.

General Procedures

Stimulus Preference Assessment. A
stimulus preference assessment (Pace et
al., 1985) was conducted to identify pre-
ferred items to be used in communica-
tion training. Potentially reinforcing
items, including drinks and edibles, sen-
sory toys, and other toy items were pre-
sented one at a time to each participant.
The participant’s response to cach item,
including whether the item was con-
sumed (if food or drink) or played with
(if a toy), was recorded. A list of 10 to 12
preferred items was created for each par-
ticipant based on his or her responses.
Preferred items were assigned randomly
to picture exchange and sign language
training conditions, so that an equal num-
ber of items were in cach condition.

Imitation Assessment. Imitation skills
were assessed prior to intervention to de-
termine the relationship of participants’
preexisting imitation abilities to acquisi-
tion of sign language and picture cx-
change. Each participant was assessed on
a list of 27 hand, arm, and finger move-
ments that were similar to those required
to perform sign language (Sundberg
& Partington, 1998). The experimenter
presented the vocal instruction, “Do
this,” while modcling cach movement.,
Participants were given verbal praise and
briefaccess to preferred items for attend-
ing to the experimenter (e.g., facing the
experimenter, making eye contact) and
making response attempts. The experi-
menter did not give praise or access to
preferred items specifically for correct re-
sponses. Imitation assessment continued
for two sessions or until all movements
had been assessed twice.

Baseline. The purpose of baseline
was to ensurc that participants did not
have a preexisting ability to request the
preferred items with picture exchange,
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speech, or sign language. Ttems identi-
fied in the stimulus preference assess-
ment were presented to participants one
at a time in random order. Following a
brief period of noncontingent access
(10-20 seconds), each item was removed
from the participant and re-presented
within view, but out of arm’s reach. A
laminated 2" x 2" picture symbol of the
item was placed in front of the partici-
pant. Any attempts to reach for the item
were blocked (e.g., the item was moved
out of the child’s reach). If the partici-
pant placed the picture symbol in the
hand of the experimenter, signed the
name of the item, or said the name of
the item within 10 seconds, the experi-
menter gave access to it. If not, the item
was removed and the next item on the list
was presented until all items on the list
had been presented.

Sign Language Training. The pro-
cedures for sign Janguage training were
partially adapted from Sundberg and
Partington’s (1998) Teaching Language
to Children with Autism or Other Devel-
opmental Disabilities. The simplest Amer-
ican Sign Language sign that conveyed
the mecaning of cach item was taught.
When possible, iconic signs that resem-
bled their items were taught. For exam-
ple, the sign for a Slinky toy was the for-
mation of a hand sign that resembled a
Slinky. To avoid potential confusion be-
tween signs, none of the hand signs
selected for each participant topographi-
cally resembled each other. Items se-
lected for sign training were presented to
the participant in quasi-random order.
To decrease the likelihood of participant
satiation, edibles, sensory toys, and other
items were interspersed during training.
To ensure that each item was currently
reinforcing, the experimenter presented
the item to the participant before train-
ing. If the participant reached for the
item, the experimenter gave noncontin-
gent access to the item for a brief period
(10-20 seconds). If the item was food or
drink, the participant was given a small
amount of the item (i.e., 45 ml of a drink
in a small cup or one bite-sized piece of
an edible). Sign language training then
began for that item. If the participant did

not reach for the item, the next item was
presented. The same procedures were re-
peated until the participant reached for
an item.

Sign language training involved two
persons: the experimenter, who sat in
front of the participant and acted as the
listener, and a second trainer, who deliv-
ered prompts while seated behind the
participant. During each training presen-
tation, the experimenter presented the
item, then signed the name of the item
and simultancously provided a vocal
model (e.g., said “cookie”). The experi-
menter did not ask the participant if he
or she wanted the item (e.g., “What do
you want?”) to prevent prior vocal stim-
uli from gaining stimulus control over
the response. If the participant did not
correctly sign the name of the item fol-
lowing physical and vocal models from
the experimenter, the second trainer
physically prompted the participant from
behind to sign the name of the item (i.c.,
put participant’s hand in correct forma-
tion). This prompting strategy ensured a
correct response for each item presenta-
tion. After the participant performed the
correct sign, with or without assistance,
the experimenter immediately allowed
access to the item.

The experimenter used progressive
time delay (Green, 2001; Snell & Gast,
1981) to gradually increase the time be-
tween presentation of the item and vo-
cal and modeling prompts by up to 4 s.
When the participant performed the cor-
rect sign before the prompt, the experi-
menter provided a vocal and physical
model of the sign and gave immediate ac-
cess to the item. The second trainer con-
tinued to provide physical assistance as
necessary.

Sign language training with the se-
lected item continued for five to seven
trials, or until the participant satiated on
the item. Satiation was indicated when
the participant made no attempt to sign
for the item, did not reach for the item,
or did not cat, drink, or play with the
item when given access. When satiation
occurred, the next item on the list was
presented to the participant following
the same procedures until all items on the
list were presented during the session.
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PECS Training. As in the sign lan-
guage training, items for PECS training
were presented in quasi-random order,
with edibles, sensory toys, and other
items interspersed to reduce the likeli-
hood of satiation. Each item was pre-
sented noncontingently one time, fol-
lowed by training trials. Training trials
for each item continued for five to seven
trials, or until the participant satiated on
the item. Training procedures were
adapted from Bondy and Frost’s (2002)
Picture Exchange Communication System
Training Manual. Two trainers were
used for PECS training: the listener or
exchange partner who was seated in front
of the participant and the sccond trainer
or prompter who was seated behind.
Phases I through III of Bondy and
Frost’s PECS training were imple-
mented: (a) teaching the unassisted ex-
change; (b) increasing distance from the
speaker to the exchange partner and in-
creasing distance from the exchange
partner to the participant’s communica-
tion book; and (¢) teaching discrimina-
tion between picture symbols (sece Bondy
& Frost, 2002, for a detailed description
of PECS procedures).

Specific procedures for each phase of
training were as follows: In Phase I, the
exchange partner (experimenter), scated
in front of the participant, presented a re-
inforcing item. The exchange partner
provided no prompts or cues for the par-
ticipant to exchange a picture to request
the item; rather, the second trainer,
seated behind the participant, provided
physical assistance to pick up and ex-
change the picture symbol. The second
trainer gradually faded her physical assis-
tance from full physical (i.c., hand-over-
hand) to partial physical prompts, until
the participant required no prompting to
make an independent picture exchange.
As in the sign language training, the
prompt fading procedures used in PECS
training resulted in a correct response for
every opportunity presented.

When the participant was able to ex-
change a picture symbol with 80% or
greater independence across two consec-
utive PECS training sessions, Phase II
began. In Phase I1, the picture symbol
was placed on the front of a communica-
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tion book, and the exchange partner
gradually moved a distance of up to 5 m
from the participant. The communica-
tion book was also gradually moved a dis-
tance of up to 5 m away from the partic-
ipant. As in Phase I, the second trainer
provided physical prompts from behind
for the participant to travel to the ex-
change partner and communication
book, and gradually faded these prompts
until none were necessary. Training at
Phase II continued until the participant
was able to travel to the exchange part-
ner and communication book at varying
distances with 80% or greater indepen-
dence across two consecutive scssions.

Finally, in Phases IIIa and IIlb, the
participant was taught to select and ex-
change a picture symbol from an array of
picture symbols in the communication
book. In the first phasc of training, I1Ia,
the participant was taught to discrimi-
nate between a preferred and a nonpre-
ferred picture symbol. Picture symbols
for each item were available on the front
of the communication book, placed in
front of the participant. If the participant
gave the experimenter the picture symbol
for the preferred item, he or she received
that item. If the participant gave the ex-
perimenter the picture symbol for the
nonpreferred item (error), the experi-
menter performed the following correc-
tion procedure:

1. modeled the correct response by
removing the correct picture symbol
from the book, presenting it to the
participant, and saying the name of
the symbol /object

2. prompted the participant to pick up
the correct symbol by pointing to
it and allowing the participant to
exchange the symbol, but not giving
the participant access to the item

3. turned the book over and paused for
approximately 3 s

4. presented the book again, allowing
the participant to request the
preferred item

If the participant made two consecutive
errors, the same procedure was followed,
except in Step 3, the nonpreferred pic-
ture symbol was removed to ensure par-
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ticipant success (i.c., an errorless trial).
Training continued at this level until
the participant was able to discriminate
between onc preferred item picture sym-
bol and one nonpreferred item picture
symbol for 80% of trials across two scs-
sions. In the next phase of training, I1Ib,
the participant was taught to discrimi-
nate between two or more preferred pic-
ture symbols (i.e., two reinforcing items
for the participant). To begin, the exper-
imenter presented two preferred item
picture symbols to the participant. Pic-
turc exchanges were reinforced in the
same manner as described above. On the
average of cvery third trial, the experi-
menter conducted a correspondence check
to ensure the accuracy of picture dis-
criminations. Correspondence checks were
conducted as follows: After the partici-
pant performed the picture exchange,
the experimenter presented both items in
his hand, a plate, or a tray with the in-
struction, “Take it.” If the participant
reached for the item requested, the ex-
perimenter gave the participant that
item. If the participant reached for the
other item, the experimenter performed
the correction procedure described above.
If the participant made two consccutive
errors, the same procedure was followed,
except in Step 3, the currently nonpre-
ferred picture symbol was removed to

errorless trial). Training continued at this
phase until the participant discriminated
between two preferred item picture sym-
bols for 80% of presentations across two
sessions. When the student achieved this
criterion, additional preferred item pic-
ture symbols were gradually added to the
communication book.

Generalization Probes. Generaliza-
tion probes were conducted during
PECS and sign language training. A lis-
tener other than the experimenter, such
as a teacher or teaching assistant from the
participant’s classroom, was introduced
to assess the genceralization of requests to
new persons. As in the training scssions,
the listener sat across from the partici-
pant and presented preferred items to the
participant onc at a time. Physical and
modeling prompts were provided as nec-
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cssary for the participant to perform
the correct response. Six generalization
probes were conducted for each partici-
pant.

Social Validity

The purpose of social validity assessment
is to “evaluate the acceptability or via-
bility of a programmed intervention”
(Schwartz & Baer, 1991, p. 189). Be-
causc participants in this study were pri-
marily nonverbal, secondary consumers,
the teacher and parents were adminis-
tered social validity assessments. The as-
sessments were written questionnaires,
administered and scored by the author.
They asked the following questions:

1. How important was the study to
understanding communication
training for children with autism and
related disabilities?

2. Which modality of training was more
cffective for participants in the study?

3. Which modality of training would be
more feasible to implement?

4. Which modality of training are you
morc likely to implement in the
future?

5. Generally, how did participation
affect the study’s participants?

Procedural Modifications

Carl. During the first five sessions of
sign Janguage training (Sessions 5, 8, 9,
11, 14), Carl emitted a high rate of re-
sponscs prompted by the experimenter’s
model. Even though the topographies of
his signs were accurate, he consistently
waited until the experimenter presented
a model of the hand sign to respond. Ex-
perimental control apparently failed to
transter from modeling prompts to nat-
ural cues and establishing operations (i.c.,
presentations of items, food or drink de-
privation). To free stimulus control from
modeling prompts, they were removed
from training. Specifically, after a pre-
ferred item was presented, if no response
was emitted, the second trainer provided
a physical prompt from behind using a
progressive time delay. The second
trainer faded her prompts gradually to
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the least amount necessary to produce a
correct response, waiting up to 4 s for the
participant to emit a correct response.
The experimenter did not provide any
prompts, but when Carl performed the
correct response, the experimenter pro-
vided vocal and sign models and gave im-
mediate access to the item.

Jennifer. Jennifer exhibited a decline
in word vocalizations during PECS train-
ing Sessions 13 through 30. A reinforce-
ment delay procedure was implemented
during Sessions 31 through 33 to in-
crease her rate of word vocalizations.
PECS IIIb training procedures were the
same, except that after she placed the pic-
ture symbol in the hand of the experi-
menter, he delayed the delivery of the
preferred item by up to 4 s, until Jennifer
emitted a word vocalization. If she did
not emit a word vocalization by the end
of the 4-s interval, the preferred item was
delivered.

Dependent Variables and
Data Collection

There were three categories of depen-
dent variables in this study: motor imita-
tion, mands, and word vocalizations. All
dependent variables were measured with
event recording, and all data on the de-
pendent variables were collected by the
author (primary observer). A motor im-
itation was recorded as correct when, in
response to the experimenter’s instruc-
tion, “Do this” and a model, the partic-
ipant performed the corresponding hand
movement. A motor imitation was re-
corded as incorrect when, in response to
the ‘experimenter’s instruction, “Do
this” and a model, the participant per-
formed a hand movement other than the
one modeled by the experimenter. If the
participant performed no hand move-
ment in response to the experimenter’s
instruction, a nonresponse was recorded.

A sign language mand was recorded as
independent when, in the presence of an
item, the participant performed the cor-
rect sign for the item without prompts to
access it. A responsc was recorded as
prompted if the participant performed
the correct sign after an experimenter

model, or the participant required a
physical prompt to perform the correct
sign.

A picture exchange mand was re-
corded as independent when the partici-
pant exchanged a picture symbol with
the experimenter to access a preferred
item. Specifically, the participant picked
up a picture symbol for the correspond-
ing item with his or her hand and placed
the picture symbol in the experimenter’s
hand. If the experimenter sat or stood
some distance from the participant, the
participant had to walk to the experi-
menter to complete the picture ex-
change. A picture exchange was recorded
as prompted if the participant required a
gestural or physical prompt to pick up
the picture symbol, walk to the experi-
menter, or place the picture symbol in
the experimenter’s hand. An open-hand
cue (i.e., extending one’s open hand as a
prompt to exchange a picture symbol) by
the experimenter was counted as a ges-
tural prompt.

A word vocalization was recorded if] in
response to the presentation of an item,
the participant clearly said the correct
name of the item (e.g., “cookie”). A
word vocalization was not recorded if, in
response to the presentation of an item,
the participant did not clearly say the
name of the item, said an incorrect ap-
proximation of the item (e.g., “cook,”
“c,” or “kee”), said the name of another
item (e.g., “apple”), or said nothing.

Interobserver Agreement and
Procedural Integrity

For interobserver agreement and proce-
dural integrity in data collection, the au-
thor was the primary observer, while four
undergraduate research assistants were
rotated as secondary observers. Prior to
conducting interobserver agreement
checks, the author described the various
response definitions and teaching proce-
dures to the secondary observers, who
subsequently scored data during practice
sessions until they obtained at least 80%
interobserver agreement with the author.
To assess the believability of data, two
observers simultaneously collected data
on participant responses for 27.1% of the
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sessions, distributed randomly. Interob-
server agreement was calculated by point-
by-point ratio (Kazdin, 1982). Mean in-
terobserver agreement on the dependent
variable for all conditions was 94% (range
60.8%~100%). Procedural integrity was
evaluated by two persons completing a
checklist of experimental procedures for
26.3% of the sessions, distributed ran-
domly. Figures 1 and 2 show examples of
procedural integrity checklists for PECS
Phase I training and sign language train-
ing. “Yes” responses on the checklist
indicated compliance with experimental
procedures. The primary observer ob-
tained a mean percentage of “Yes” re-
sponses for all conditions of 97.1%
(range 80%-100%). The mean interob-
server agreement for treatment integrity
was 96.8% (range 75%—100%).

Results

Imitation Assessment

Carl demonstrated moderate motor imi-
tation skills, imitating 43% of hand move-
ments correctly out of 76% response
attempts. Jennifer, in contrast, demon-
strated weak motor imitation skills, imi-
tating just 20% of hand movements cor-
rectly out of 78% response attempts. Carl
correctly imitated more than twice as
many hand movements as compared with
Jennifer,

Sign Language and
PECS Training

Carl. Independent mands emitted by
Carl during training are shown in Figure
3. In bascline, he emitted no mands,
even though he reached for preferred
items during most presentations. In al-
ternating treatments Sessions 4 through
14, Carl’s independent mands increased
to an average of 2.1% (range 0%—3.8%) in
sign language training, and an average
of 17.9% (range 0%-39.2%) in PECS 1
training. In alternating treatments Ses-
sions 15 through 25, sign language train-
ing was modified to increase Carl’s inde-
pendent responses. During Sessions 15
through 25, his independent mands in-
creased to an average of 34.1% (range

Student:
Observer:

Condition: PECS Training — Phase |

Item:
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Session #:
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Date:

Interobserver agreement: Y / N

. (If presenting item for first time) Experimenter places

preferred item in front of student; hands item to student.

. (If presenting item for first time) If student does not reach

for, play with, or eat/drink the item, the item is withdrawn
(skip to next item).

. (If presenting item for first time) Experimenter allows brief

access to the item for 10-20 seconds. If the item is food or
drink, the student is given a small amount of the item (i.e.,

45 ml of a drink in a small cup or one bite-sized piece of an
edible) and is allowed to access the item until finished.

. (If presenting item for first time) Experimenter removes

item from student, if necessary.

. Experimenter presents preferred item to student.

. If the student does not pick up the picture symbol and place

it in the hand of the experimenter, the second trainer physi-
cally prompts the student from behind to place the picture
symbol in the hand of the experimenter.

/ NA

/ NA

/ NA

/ NA

/ NA

the name of the item (e.g., “cookie”).

7. When the picture symbol has just touched the hand of the Y / N
experimenter, he or she holds up the picture symbol and says

8. The experimenter gives immediate access to the item.

Y/ N

FIGURE 1. Sample procedural integrity checklist for PECS Phase | training.

25%-46.4%) in sign language training,
and decreased to an average of 7.6%
(range 0%-16.3%) in PECS training. Vi-
sual inspection of the data in Sessions 15
through 25 revealed a fractionation of
the sign language and PECS training
data paths, with sign language training
producing a higher percentage of inde-
pendent mands. It was, therefore, de-
cided to implement sign language train-
ing alone in the final best-treatment
phase of the study. In Sessions 26 to 31
of sign language training, Carl emitted
an average of 38.9% independent mands
(range 14.2%-40%).

Jennifer. Independent mands per-
formed by Jennifer are displayed in Fig-
ure 4. In baseline, she emitted no mands
in ecither condition, even though she
reached for preferred items during most
presentations. In alternating treatments

Sessions 4 through 21, Jennifer’s inde-
pendent mands increased to an average
of 12.9% (range 0%-25%) in sign lan-
guage training, and an average of 59.6%
(range 12%-100%) in PECS 1 training.
On average, Jennifer emitted more than
three times as many independent mands
in PECS I training than in sign language
training. Visual inspection of the PECS
data path from Sessions 4 through 21
indicates an increasing trend in indepen-
dent responses. In contrast, visual in-
spection of the sign language data path
indicates a leveling of independent re-
sponses after the first two sessions. The
highest percentage of independent re-
sponses (25%) in Jennifer’s sign language
training sessions was for the sign “truck”
for toy truck. “Truck” was the only
sign for which Jennifer demonstrated any
significant percentage of independent
responses.
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Student:

Observer:

Condition: Sign Language Training

Item:
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Session #:

Date:

Interobserver agreement: Y / N

(skip to next item).

item from student, if necessary.

vocal model (e.g., “cookie”).

item.

access to the item.

1. (If presenting item for first time) Experimenter places
preferred item in front of student; hands item to student.

2. (If presenting item for first time) If student does not reach
for, play with, or eat/drink the item, the item is withdrawn

3. (If presenting item for first time) Experimenter allows brief
access to the item for 10-20 seconds. If the item is food or
drink, the student is given a small amount of the item (i.e.,
45 ml of a drink in a small cup or one bite-sized piece of an
edible) and is allowed to access the item until finished.

4. (If presenting item for first time) Experimenter removes Y 1N

5. Experimenter presents preferred item to student.

6. If student does not sign the name of item, the experimenter
signs the name of the item (physical model) and provides a

7. If the student does not correctly sign the name of the item Y/ N
with physical and vocal models, the second trainer physically
prompts the student from behind to sign the name of the

8. When student performs correct sign, the experimenter gives Y/ N

N / NA

/ NA

/ NA

/ NA

/ NA

/ NA

FIGURE 2. Sample procedural integrity checklist for sign language training.

Visual inspection of Jennifer’s data in
Sessions 4 through 21 revealed fraction-
ation of the sign language and PECS
training data paths, with PECS I training
producing a higher percentage of inde-
pendent mands. It was, therefore, de-
cided to implement PECS training alone
in the final best-treatment phase of the
study. PECS Phase II training was imple-
mented during Sessions 22 to 24; PECS
Phase I1la training was implemented dur-
ing Sessions 25 through 27; and PECS
Phase IIIb training was implemented in
Sessions 28 through 33. Jennifer emitted
an average of 95.3% independent mands
(range 82.1%-100%) in the best-treatment
phase of the study.

Word Vocalizations

Carl. Word vocalization data for Carl
are shown in Figure 5. In baseline, he
emitted no word vocalizations. In sign

language training Sessions 5 through 24,
Carl emitted an average of 46.3% word
vocalizations (range 20%-64.2%). In
PECS training Sessions 4 through 25, he
emitted an average of 22.3% word vocal-
izations (range 4.3%-45.8%). On aver-
age, Carl emitted more than twice as
many word vocalizations in sign lan-
guage training than in PECS training. In
the best-treatment phase (sign language
only; Sessions 26 through 31), Carl emit-
ted an average of 32.6% word vocaliza-
tions (range 17.6%-53.3%). Word vocal-
izations declined, on average, by 13.7%
from the previous sign language training
phase.

Jennifer. Jennifer’s word vocaliza-
tion data are depicted in Figure 6. In
baseline, she emitted no word vocaliza-
tions. In sign language training Sessions
5 through 21, she emitted an average of
93.4% word vocalizations (range 64.7%—

100%). In PECS training Sessions 4
through 20, she emitted an average of
77 .9% word vocalizations (range 46.6%—
100%). A decreasing trend in word vo-
calizations in PECS training began dur-
ing Session 13 and continued during
Sessions 14, 16, 17, and 20. In contrast,
the percentage of word vocalizations in
sign language training remained consis-
tently high (88%-100%) during Sessions
12,15, 18,19, and 21. Interestingly, the
decline in word vocalizations during Ses-
sions 14, 16, 17, and 20 of PECS train-
ing coincided with an increase in inde-
pendent picture exchanges (see Figure 4).
For Jennifer, the data indicate that sign
language training produced more word
vocalizations than PECS 1 training.

During Sessions 22 through 30 of best
treatment, the declining trend in word
vocalizations continued. Jennifer emitted
an average of 52.3% word vocalizations
(range 44%—65.2%) during PECS Phase
11 training (Sessions 22-24), 56.1% word
vocalizations (range 50%-68.4%) during
PECS Phase IIla training (Sessions 25—
27), and 30.1% word vocalizations
(range 25%-36.8%) during the first three
sessions of PECS Phase IIIb training
(Sessions 28-30). During Sessions 31
through 33 of Phase IIIb training, a re-
inforcement delay procedure was imple-
mented to increase the percentage of vo-
calizations. Word vocalizations increased
significantly, to an average of 90% (range
80%-100%).

Generalization

Overall, results for generalization probes
were similar to training. Carl emitted an
average of 0% independent picture ex-
changes and 34% independent signs. In
contrast, Jennifer emitted an average of
94% independent picture exchanges, but
only 66% independent signs. All of Jen-
nifer’s independent signs were the to-
pography for “truck,” reflecting her fail-
ure to acquire any other sign during
training.

Social Validity

Overall, the teacher’s responses to ques-
tions regarding the procedures and re-
sults of the study were positive. She be-
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for Carl.

lieved that the procedures of the study
were important for understanding AAC
tor children with autism and related dis-
abilities. She also indicated that the re-
sults of the study were important for the
intervention of such students. With re-
gard to the usefulness and feasibility of
PECS versus sign language, she believed
that the usefulness of either modality var-
ied depending on the characteristics of
cach student, and that it would be feasi-
ble to incorporate ecither PECS or sign
language into her classroom. When asked
about which modality she was most likely
to use with her students, she said that she
was equally likely to use sign language
and PECS. She said that her students,
Carl and Jennifer, benefited from the
one-to-one instruction given in the study
and felt that they did learn to communi-
cate better as a result of the study’s pro-
cedures. Finally, she disliked the alterna-
tion between sign language and PECS
training for Carl and Jennifer, saying that
both students would have learned more
if exposed to just one modality.

Parents gave different, but generally
positive responses concerning the impact
ot the study on their children. Carl’s fa-
ther said that the study improved his
child’s communication skills at home.
Jennifer’s mother indicated that she was
not sure how the study affected her
child’s communication skills. Regarding
which modality of communication was
most usetul with their child, Carl’s par-
ents liked sign language, while Jennifer’s
mother liked PECS. Parents’ social valid-
ity data should be interpreted with cau-
tion because no intervention occurred in
the home setting.

Discussion

Results of this study suggest mixed find-
ings for teaching mands using sign lan-
guage and PECS training. For lcarners
without hand-motor imitation skills, in-
cluding many children with autism, PECS
training may be more appropriate, at least
in terms of initial mand acquisition. Jen-

nifer had weak hand-motor imitation
skills prior to intervention and learned
picture exchange more rapidly than sign
language. For learners who have moder-
ate hand-motor imitation skills, sign lan-
guage training may be cqually, if not
more, appropriate. Carl had moderate
imitation skills prior to intervention and
learned sign language more rapidly than
picture exchange. Sign language training
produced more vocalization for Carl and
Jennifer; however, a procedural modifi-
cation to the PECS system increased Jen-
nifer’s vocalization to a level similar to
that in sign language training. Procedural
modifications to the PECS system may
be necessary to increase and sustain vo-
calization for some children.

The results of the current study do not
replicate those of Sundberg and Sund-
berg (1990) and Wraikat ct al. (1991),
who found better response acquisition
with sign language training. The differ-
ences in findings may be due, in part, to
differences in participant selection proce-
dures. Prior to intervention, participants
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FIGURE 4. Percentage of independent mands during sign language and PECS training, and best treatment for

Jennifer.

in these studies demonstrated the man-
ual dexterity that allowed sign formation,
while participants in the current study
demonstrated mixed motor abilities.

Carl failed to exhibit a significant per-
centage of independent signs until mod-
cling prompts were removed from train-
ing. Carl’s data suggest that children
who have imitative skills may continue to
rely on imitative prompts, even when
time delay prompt fading procedures are
used. Optimal sign language training may
begin with imitative prompts, switching
to physical prompts when the student has
acquired the correct sign topographies.
Or, sign language training may begin
with a second trainer who provides phys-
ical prompts from behind, an adaptation
of the PECS training procedures (Bondy
& Frost, 2002).

In contrast to the mixed results for
mand acquisition, sign language training
produced more speech for Carl and Jen-
nifer. The reason for increased vocal pro-
duction during sign language training is
unclear, but may relate to the evocative
effect of hand signs on vocalizations. Ob-
servational data suggest that Carl and
Jennifer often vocalized immediately
after they performed a sign, indicating
that signs may have functioned as self-
prompts for vocalization. In PECS train-
ing, however, Carl and Jennifer generally
waited for the exchange partner to pro-
vide a model before they vocalized.
Carl’s word vocalizations decreased dur-
ing the best-treatment phase of sign lan-
guage training for unknown reasons.
Still, on average, Carl emitted approxi-
mately one third more vocalizations in

the best-trcatment phase of sign lan-
guage training than in PECS training.
Bondy and Frost (1994) reported that
vocalizations generally developed during
the later phases of PECS training (Phases
IV to VI). The current study only taught
PECS with Phases I to IIT of training.
Therefore, the results of the current
study may not generalize to children who
participate in the latter phases of PECS
training. Further, adding the reinforce-
ment delay procedure to PECS training
appeared to increase Jennifer’s speech.
Delaying the delivery of the requested
item by up to 4 s may therefore increase
vocalization for some children.

Probes conducted for Carl and Jen-
nifer indicated evidence of generalization
of picture exchange and sign language to
new persons. Percentages of independent
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FIGURE 5. Percentage of word vocalizations in baseline and training conditions for Carl.

responscs in genceralization sessions were
similar to thosc in training for Carl and
Jennifer. The current study used only
one listener to teach sign language and
picture exchange. Sundberg and Parting-
ton (1998) and Bondy and Frost (2002)
recommend using multiple listeners to
promote generality across persons. Gen-
cralization of responses in the current
study may have been limited by the use
of only one listener.

There were a number of procedural
limitations in this study. Onc limitation
was the stimulus preference assessment,
which used sequential presentation of
single items. Poor reinforcer strength
may have weakened participants’ acquisi-
tion of picture exchanges and sign lan-
guage. A more rigorous assessment in-
volving forced choice of two items
presented simultancously and rank or-
dering of items (Fisher et al., 1992)
might have better teased out stimulus

preference, improving participants’
mand acquisition. Despite the potential
weakness of the reinforcer assessment
used in the study, Carl and Jennifer
reached for items during most initial pre-
sentations, suggesting that the preferred
items were consistently reinforcing for
these participants.

A second limitation was the setting, a
public school, which was subject to a
number of fluctuating circumstances that
may have threatened internal validity, in-
cluding the entering and exiting of stu-
dents and staff from the classroom, fre-
quent staff changes and substitutions,
and a classroom schedule which varied
considerably from day to day. As a result,
participants were sometimes distracted
during experimental sessions, or sessions
had to be scheduled at different times to
accommodate the daily schedule. Schreib-
man (1988) suggested that for children
with autism, an established routine is cs-

sential to skill development. With changes
in teachers, tcacher assistants, and time
occurring frequently, it is possible that
participant performance was affected ad-
versely.

The number of communication op-
portunitics within training sessions was a
third limitation. On average, participants
received only 22 communication oppor-
tunities during cach sign language and
PECS training session. Sundberg and
Partington (1998) recommended “thou-
sands of contrived training trials before
verbal behavior occurs unprompted or
spontancously” (p. 129), while Bondy
and Frost (2002) recommended at lcast
30 to 40 opportunities per session or day
for initial PECS training. Increasing the
number of communication opportunities
to their recommended levels, or exceed-
ing them, may have improved partici-
pants’ acquisition of picture exchange
and sign language.
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The results of this study suggest sev-
cral arcas for future rescarch relating to
fluency, instructional efficiency, and
speech development. Although Bondy
and Frost (2002) advised at least 30 to
40 picture exchanges per day, they make
no specific recommendations about the
rate of response necessary to establish
fluency with PECS. Sundberg and Part-
ington (1998) also did not make specific
recommendations with respect to fluency
and sign language. Behavioral fluency
may be defined as “the fluid combina-
tion of accuracy plus speed that charac-
terizes competent performance” (Binder,
1993, p. 164). Learners whose behavior
is fluent may be more likely to maintain
what they have learned and apply it in
new situations. Maintenance and gener-
alization may, therefore, be enhanced by
increasing the learner’s rate of hand signs
and picture exchanges. Future research
could address the optimal rates of re-
sponse necessary to establish fluency with
PECS and sign language. Instructional

efficiency (e.g., Wolery & Gast, 1984) is
a reclated area for future research. An
efficient teaching procedure produces a
desired learning outcome in as little in-
structional time as possible. In the cur-
rent study, the exact duration of PECS
and sign language training sessions was
not recorded; therefore, conclusions
about which procedure was more cffi-
cient cannot be drawn. As a comparison
of instructional efficiency, future research
could compare the amount of instruc-
tional time necessary to generate a mand
repertoire with PECS versus sign lan-
guage training.

The current study raised questions
about speech development and PECS.
For Jennifer, specch developed with
PECS training appeared to decline until
modifications were made to her training
protocol. Specifically, reinforcement for
picture exchanges was delayed by up to
4 s until she emitted a word vocalization.
The procedure was implemented for only
three sessions; therefore, the long-term

effects of delaying reinforcement on pic-
ture exchanges and vocal speech are not
known. Indeed, Bondy and Frost (2002)
cautioned against requiring students to
speak as they exchange picture symbols:

We teach students to use PECS in order to
teach them functional communication
skills. . .. Therefore, we do not teach
PECS as a way to learn to speak; we teach
PECS as a way to learn to communi-
cate. . . . The acquisition of speech can be
viewed as a wonderful byproduct of the
approach and not its dircct focus. (p. 176)

Still, procedural modifications to the
system might cnhance speech develop-
ment without hindering functional com-
munication. Future research could ex-
amine the long-term usefulness of the
reinforcement delay procedure used in
this study, or other modifications to stim-
ulus presentation, prompting, and error
correction procedures as ways to enhance
speech production.
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