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SLP- ABA Volume 1, No. 3, 2006

Editorial

Joe Cautilli and Mareile Koenig

We are pleased to present Volume 1, No 3 of the Journal of Speech-Language Pathology and
Applied Behavior Analysis. Included in thisissue are five excellent papers and one book review. Three of
the papers and the book review have direct application to the support of children with severe speech
language problems including autism spectrum disorders (ASD). Two of the papers have implications for
supporting children with language learning impairments associated with other etiologies.

In the first paper, Carbone et a offer single-case evidence for the relatively greater effect of total
communication (TC) (sign plus vocal) versus vocal-only communication training in the development of
verba behavior functions. Although the efficacy of a TC approach has been studied previoudly, few (if
any) previous studies have addressed this procedure from the perspective of its impact on specific verba
behavior functions. Carbone et d’s study fills this gap.

Johnston’s paper addresses the unique challenges of aternative augmentative communication
(AAC) systems for individuals who do not use speech as their primary mode of communication. Based on
amatching modd of reinforcement and behavior selection, this paper provides a succinct anaysis of the
impact of response efficiency in the design and use of AAC systems. A protocol is provided for
anayzing potential AAC systems in consideration of response efficiency and contextua fit.

A third paper by Schoneberger anayzes the validity of evidence resulting from research into
behavioral interventions for children with ASD. This paper highlights the importance of three guidelines
for the design of treatment efficacy research and describes two studies, which illustrate the ways in which
the internal vaidity of the resulting data is influenced by the degree to which these guidelines are
followed.

In the fourth paper, Rondal and Docquier consider the nature of language addressed to children
with language impairments and other developmentd disabilities, particularly Down Syndrome. They
review previous and current studies showing that language input is normally shaped by a child's language
development level. However, they note that the actual analysis of thisinput is ultimately up to the child.
Then, the authors compare the implications of this literature from the perspective of nativistic and
behavioral frameworks. Taken as awhole, this information fills an important a gap within the field of
behavior analyss. Specifically, while the efficacy of behavior anaytic interventions has been
demonstrated for a variety of target behaviors (e.g., verba responsiveness, intelligibility, imitation,
language, basic self-help sKills, and social skills) since the 1970s (e.g., Farb & Thorne, 1978; MacCubrey,
1971; Nelson, Peoples, Hay, Johnson, & Hay, 1976; Clunies-Ross, 1979; Bidder, Bryant, & Gray, 1975),
relatively few studies have examined features of the natural environment that support individuas with
developmentd disabilities. Rondal' s extensive body of work has contributed substantialy to an
understanding of the natural processes of language development and to the development of strategies for
supporting the language development of children with developmentd delays (e.g., Gutmann & Rodd,
1979)

In the fifth paper,Van Kleek et a describe intervention research targeting skills reflecting
phonologica awareness (PA) and phonological working memory (WM). These skills play a crucid role
in supporting young children’s literacy development; and they art particularly challenging for
preschoolers with language learning impairments. Interestingly, the results of Van Kleek et a’s
intervention research suggest that training in PA will generalize to improvementsin phonologica WM for
this population.
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In the last paper, Balazs reviews Schramm’s (2006) new book called Educate Toward Recovery:
Turning the Tables on Autism His review suggests that thisis awell-written, and substantively vauable
resource for individuals new to applied behavior andyss (e.g., families of children with autism, new
therapists) who wish to learn concepts and skills that are essentia for teaching verba behavior functions
and other adaptive skills within an ABA framework to children with autism.

We thank all of our authorsfor sharing their work with us, and we hope our readerswill enjoy
this excellent edition of JSLP-ABA.
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A Comparison of Two Approachesfor Teaching VB Functions:
Total Communication vs. Vocal-Alone

Vincent J. Carbone, Lisa Lewis, Emily J. Sweeney-Kerwin,
Julie Dixon, Rose Louden and Susan Quinn

Abstract

Tota communication (TC) involves the use of manua signs with their corresponding spoken
words simultaneoudly; and research indicates that TC facilitates voca responding by children with
autism. However, most of this previous research was conducted 20 years ago and did not consider vocal
responding in relation to verba behavior functions (Skinner, 1957). The present study used an alternating
treatment design to compare the effects of TC vs. vocal-alone (VA) training on the vocal tact responses of
achild with autism. Results indicated that the child produced nearly four times as many vocd tact
responses during TC training than during VA training in less than half the number of teaching trials. The
use of manua sign training is considered in relation to its advantages for supporting the production of
vocal responses.
Keywords: verbal behavior, sign language, tact, autism, total communication.

I ntroduction

The use of manual sign language as an alternative form of verbal behavior for personswith
various language impairments has its roots in the experimental animal research of Gardner and Gardner
(1969). They were the first researchers to use sign language to teach effective communication skillsto an
infant chimpanzee. The success of sign language training with primates prompted researchersin the
applied fields to investigate the effects of sign language training on persons with various language
impairments (Sundberg, 1996). Specificdly, the profound language deficits presented by many children
with autism and other developmenta disabilities led early researchers to investigate the viability of sign
language as an dternative mode of communication for this population and to examine the benefits that
this form of verbal behavior could offer (Carr, Binkoff, Kologinsky, & Eddy, 1978). Subsequent research
confirmed that children with developmenta disabilities could not only be taught to use manua sign
language, but that the manua sign acquisition could support the development of various verba and
nonverba operants including, receptive discrimination, mands, and tacts (Miller & Miller, 1973;
Bonvillian & Neson, 1976; Carr et a., 1978; Carr, 1979; Carr & Kologinsky, 1983).

Total communication (TC), the most commonly used training procedure to teach sign language to
children with autism and other developmental disabilities, involves the smultaneous presentation of both
amanual sign and an associated spoken word (Carr, 1979). Research has demonstrated that this form of
language training may result in superior acquisition of verbal and nonverbal operants for children with
autism and other developmental disabilities as compared with vocal-alone or sign-alone training (Brady &
Smouse, 1978; Barrera et a., 1980; Barrera & Sulzer-Azaroff, 1983; Konstantareas, 1984; Sisson and
Barrett, 1984). For example, Brady and Smouse (1978) compared the effectiveness of three language
training methods (vocal-adone, sgn-alone, and TC) on the acquisition of correct behaviora responses to
an experimenter’ s vocal request. Compared to basdline levels of responding, the TC training condition
produced significant gains in behaviora responses. Vocal-aone training actually produced a significant
decrease in behaviora responses, and sign-aone training condition produced no significant differencein
responses.
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Research has also suggests that a the use of TC for teaching sign language to non-vocal children
may not only enhance communicative effectiveness but also facilitate the development of vocal responses
(Fulwiler & Fouts, 1976; Schaeffer, Kollinzas, Musil, & MacDowdll, 1977; Brady & Smouse, 1978;
Casey, 1978; Carr, 1979; Konstantareas, Webster, & Oxman 1979; Barrera et al., 1980; Layton & Baker,
1981; Barrera & Sulzer-Azaroff, 1983; Konstantareas, 1984; Sisson and Barrett, 1984, Clarke,
Remington, & Light, 1988; Goodwyn, Acredolo, & Brown, 2000; Tincani, 2004). For example, when
Fulwiler and Fouts (1976) used TC for teaching American Sign Language (ASL) to a non-voca five-
year-old boy with autism, they found not only an increase in the child’s use of manua signs but also a
concomitant increase in the child’s vocal responses following the training. These results were considered
to illustrate the benefits of using manua sign language to develop an effective communication repertoire
in children with autism.

The effect of TC training on the development of vocal responses has also been investigated in
studies of typically developing children. This research has demonstrated that the addition of gestural signs
to traditional vocal training accelerated the development of vocal responses in infants between the ages of
11 and 36 months (Goodwyn et d., 2000). Goodwyn et a. found a significant advantage in the acquisition
of receptive and expressive language by children who were taught to use gestural sign language paired
with spoken words as compared to vocal-alone or no-training conditions. The researchers argued that the
use of gestural signs and spoken words facilitated rather than hindered language acquisition. They also
proposed that the use of TC led to additional advantages such as reducing problem behaviors and
clarifying children’s needs and wants.

Further research investigating the facilitative effects of TC training on voca responses has
identified a sub-set of non-vocal children most likely to benefit from this approach. For example, severa
studies have suggested that TC training may be most effective for developing and increasing voca
responses by children who aready demonstrate some degree of vocal imitation or echolalia (Schaeffer, et
a., 1977; Carr, 1979). Casey (1978) used TC training to teach sign language to four children with autism
whose vocal repertoires consisted primarily of echoic responses. He examined the effects of TC on
communicative and inappropriate behaviors. Target behaviors included solicited and spontaneous vocal
responses. It was found that these behaviors increased for all participants following TC training. In the
case of one participant, voca speech improved to such a degree that manual signs were eventually faded
and voca speech became the primary response form. In asimilar study, Konstantareas et a. (1979)
investigated the effects of TC training on various language repertoires in four children with autism. They
mesasured reproductive communication (i.e., imitation of modeled signs), receptive communicetion (i.e.,
pointing to anamed item in afield of distracters), dicited communication (i.e., labeling objects or
providing a sign when given an object’s name) and spontaneous communication (i.e., requesting access to
objects or activities). Two of the four participants had limited vocal imitation repertoires and produced
some spontaneous vocalizations prior to TC training. The other two participants did not produce any
imitative or spontaneous vocalizations. Following TC training, elicited and spontaneous vocalizations
increased for both participants with prior vocal imitation skills, but no gains were found in either type of
vocalization by the two participants who lacked prior voca imitation skills. In another study, Layton and
Baker (1981) conducted a year and a half longitudina study tracking the acquisition of both manua signs
and vocal responsesin one child with autism. Prior to TC training, the participant occasionaly used
single voca words to express his needs and wants and he vocalized upon command. However, his lack of
spontaneous language resulted in his being labeled mute. During initial language sampling, he primarily
used signs aone to communicate, and he only occasionaly used signs and vocal responses
simultaneously. A TC approach was then used to teach 50 signs across various grammatical categories.
Following TC training, this participant demonstrated a decrease in the use of signs alone and an increase
in the use of TC. Additionally, the participant began occasiondly to use voca responses alone.

Some studies have found increases in voca responses for children with limited echoic repertoires
following TC training to teach labels of pictured items (Clarke, et d., 1988) and mands for preferred
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items (Tincani, 2004). In one study involving two participants, Tincani (2004) compared the acquisition

of vocal manding following two types of TC training. One type involved the use of manual signs together
with speech as the response form, and the other type involved the use of Picture Exchange
Communication System (PECS) together with speech. The data indicated the acquisition of vocal mands
by both participants was greater following TC training with manua signs. In sum, thisline of research
suggest that for children with autism who have some echoic repertoire, TC training with sign language
may produce superior acquisition of various voca responses than traditiona vocal-aonetraining
programs or sign-alone training.

Based on these encouraging findings, researchers have attempted to use manua sign language as
a communicative prosthesis (Konstantareas, 1984) to support the devel opment of vocal verbal behavior
by persons with autism and developmental disabilities or language impairments for whom traditional
vocal-alone training has not been successful. Barrera, et a. (1980) compared the effectiveness of TC,
vocal-done, and sign-alone instruction on expressive word acquisition. One child with autism was taught
to name six different objects in each of the three training conditions. The researchers found that TC
training produced greater gains in the acquisition of expressive language than the other two treatment
conditions. They concluded that TC training may be a more effective for children with autism then either
verbal-aone or sign-alone approaches.

Sisson and Barrett (1984) compared the effectiveness of TC to vocal-aone training for increasing
the imitative length of utterance in three children with developmenta disabilities. Groups of four-word
sentences were taught in one of two conditions, TC or vocal-aone. The TC condition included the use of
both manua signs and voca prompts whereas only voca prompts were used in the vocal-done condition.
For al participants, TC was associated with more rapid acquisition of sentences than vocal-alone training.
Therefore, TC training was identified as the most effective intervention for each of the three participants.
Inasmilar study, TC training was found to be effective for supporting the production of complex speech
in children with developmenta disabilities. Konstantareas (1984) found that TC training resulted in
superior acquisition of voca prepositions and pronouns as compared to vocal-aone training in children
with various language impairments. Based on these resullts, it was suggested that use of sign language
may facilitate the development of complex speech by children with language impairments and that TC
may be more effective than vocal-aone training.

In another demonstration of the superior effects of TC training, Barrera and Sulzer-Azaroff
(1983) compared the effectiveness of TC training to vocal-aone training for teaching vocal labeling to
three children with autism. Results showed that the TC condition produced grester gains in voca labeling
responses and required fewer teaching trials than the vocal-alone condition. Vocal-done training only
produced the acquisition of one labeling response for one participant and had no effect on the acquisition
of labeling responses by the other two participants. Conversdly, following TC training, two of the
participants acquired all of the vocal labels targeted, and one participant acquired al but one label before
training was discontinued.

Despite the encouraging findings of research published nearly 25 years ago regarding the use of
TC with manual sign to facilitate vocal responding in children with autism, no further research has been
conducted on this topic. Therefore, the purpose of the present study wasto (1) replicate previous research
on the benefits of TC (sign plus vocal) compared with vocal aone training, and to (2) determine whether
previous findings regarding the effects of TC with sign language could be extended to children who have
developed a voca response repertoire in one operant class (mand relation) but who have failed to acquire
vocal responses in another operant class (tact responses). Replication of previous findings would lend
additiona support to the value of TC with manua for teaching communication skills to children with
autism. Moreover, an analysis of TC training relative to verba behavior functions may enable the results
to be interpreted in a more systematic manner. Considerable advances have been made in the past 25
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years in the conceptual and empirica analysis of the application of B.F. Skinner’s taxonomy of verbal
behavior. These advances can support a conceptually systematic analysis of mechanisms that account for
the benefits of TC training, and they could support more effective practices by parents and other persons
teaching verba behavior to children with autism.

Methods
Participant and Setting

Oneindividua (Sarah) served as the participant in this study. At the time of data collection, Sarah
was a seven-year-old female with autism in the moderate range of disability. She received about 40 hours
per week of home-based one-on-one intensive teaching in the form of discrete tria training interspersed
with teaching in the natural environment facilitated through play based activities. Sarah demonstrated an
echoic repertoire and had acquired a variety of vocal mands that were multiply controlled by both the
presence of adesired item and the motivating operation. In addition, she occasionaly produced voca
mands for items solely under the control of the motivating operation. Sarah’s tact repertoire was limited
and prior to the implementation of the independent variablesin this study, she had acquired only 57 voca
tacts over an eight month period. Moreover, attempts to increase Sarah’ s intraverbal repertoire had only
resulted in afew responses to specific verba stimuli. Acquisition data revealed that the rate of acquisition
of both tacts and intraverbas had dowed considerably prior to the beginning of thisinvestigation. In the
six weeks prior to this study, no tact or intraverba responses had been acquired despite the presentation of
many learning trials.

All observations were conducted in Sarah’s home. Three in-home teachers delivered the
interventions and recorded the data. During all teaching sessions, Sarah sat at the same instructional table
in the same room. A teacher sat across from Sarah. Stimuli and materials were placed in front of the
teacher.

Measurement of Dependent Variables

The dependent variable measured in this study was the acquisition of tacts for pictured objects.
Prior to implementation of the experimenta conditions pictures of objects were displayed to Sarah by
holding them at eye level and asking “what isit? If she failed to respond within 10 seconds or responded
incorrectly, the picture was chosen for tact training. Twenty pictures of objects from this group were
selected and 10 targets were randomly placed in either avoca aone (VA) or TC experimental condition.
As tacts were acquired in either of the conditions, new pictures were added. This resulted in the
maintenance of 10 non-acquired targets in each experimental condition. The added targets were selected
using the same procedure as described above for the origina 20 pictured objects. All targets in each
experimental condition were randomly presented during the teaching sessions, and each session lasted
about 20 minutes. More than one session per day was sometimes conducted. Examples of the pictured
objects in the TC condition included broom, fork, and shovel. Examples of pictured objectsin the VA
condition included soup, belt and bucket.

Definition of Correct Response: During both experimental conditions, a correct response was
defined as Sarah’s production of avocal tact corresponding to a pictured item within three seconds of the
picture' s display when paired with the question “What isit?’ during probe trials interspersed throughout
teaching sessions.

Definition of Incorrect Response: An incorrect response was defined as any vocal response that
did not correspond to the target picture or afailure to respond within three seconds when a target picture
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was presentation and paired with the question, “What isit?’ during probe trias interspersed throughout
the teaching sessions.

Correct and incorrect responding was assessed through the teaching sessions, but only on probe
trias that did not include any type of prompt. In other words, probe trials were implemented during each
session to measure mastery of the tact response. Prompts were provided throughout the sessions during
the teaching of the tacts in both experimental conditions. The prompting and stimulus control transfer
teaching procedures are described below. However, the criterion for mastery in both experimental
conditions was 100% correct responses for all presentations of the item across two consecutive sessions
and two different instructors. This meant that no teaching trias that included prompting of the response
could be presented during the entire session and correct responding had to occur on each presentation to
meet mastery criterion.

Vocal-Alone (VA) Training

During the VA training condition, vocal tacts were taught using only avoca prompt to evoke
responses during teaching trials. On average about 267 trials were presented during at each session. An
errorless teaching procedure utilizing a zero second time delay and then a constant time delay of three
seconds stimulus control transfer procedure was employed. In other words, during each teaching tria, the
teacher modeled the correct response immediately following the initia display of the picture paired with
the question “what isit?’ Immediately following this modeled response, the teacher displayed the picture
again and said “what isit?” and paused three seconds in anticipation of the Sarah’s response. When Sarah
responded correctly, the instructor presented two or three mastered instructional demands and then re-
presented the picture and question to support stimulus control transfer of the tact response. Thistrial was
referred to asthe test trial. For each correct response in this sequence Sarah received verbal praise. Errors
at any point in the teaching trial sequence were corrected by re-presenting the stimulus immediately and
returning to the zero second time delay prompt followed by the stimulus control transfer procedures
described above. Incorrect responses that required correction did not receive praise from the
experimenter. Each target received about 25 trials per session.

The prompting and stimulus control transfer procedures were adjusted by the teacher throughout
the session based upon Sarah’ s responses. In other words, frequent correct responses during the test trials
in any session led to more frequent probe trials. This meant that some targets during some sessions did
not receive any prompts and instead were just probed since Sarah had displayed a high rate of correct
responses during probe trials in the previous session. In fact, the requirement to reach mastery on any
target item required 100 percent correct responding on probe trials during two consecutive sessions across
two different in home teachers.

Total Communication (TC) Training

During the TC condition, vocal tacts were taught using a voca prompt plus display of the manual
sign by the teacher to evoke correct responses. On average 234 trials were presented per session during
this condition. The manua signs were either the precise ASL sign or a ssimplified modification thereof.
Initial trials began with the display of a pictured object plus the question, “What isit?” This was followed
immediately by the teacher’s production of simultaneous models of the TC forms (sign and vocal)
corresponding to the pictured object. An errorless teaching procedure utilizing a zero second time delay
and then a constant time delay stimulus control transfer procedure of three seconds was employed. In
other words, the teacher modeled the TC forms (sign, vocal) immediately following the display of the
picture paired with the question (“what isit?’). Immediately following her modeled response the teacher
displayed the pictured object again and said “what isit?’” and paused three seconds to anticipate a correct
voca and sign response from Sarah. If Sarah produced an incorrect sign but the correct vocal response
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during thistrial, her response was treated as an error, and the error correction procedure described below
was implemented. Sarah was required to perform the correct sign and vocalization during this phase of
stimulus control transfer to receive socia reinforcement in the form of praise. When she responded
correctly the instructor presented two or three mastered instructional demands and then re-presented only
the picture and question to support stimulus control transfer of the tact response. On this test trid, a
correct response only required a correct vocal response to receive reinforcement. For each correct
response in this sequence Sarah received verba praise. Errors during any of the teaching trials were
corrected by re-presenting the stimuli immediately and returning to the zero second time delay prompt
followed by the prompt fade and test for stimulus contrd transfer as described above. The teacher treated
failure to perform the sign during any of the teaching trials except the test trial as an error and therefore
immediately presented the error correction procedure. Incorrect responses did not receive praise from the
teacher. Instead, they resulted in the error correction procedure. Each target received approximately 23
trials during each session.

Consistent with the vocal alone condition, probe trials were interspersed throughout the sessions.
Once again, the criterion for mastery for any target was 100 percent correct on probe trials over two
consecutive sessions across two teachers.

Inter-observer Agreement

Data were recorded throughout the experiment by a primary observer whose only responsibility
during the sessions was to record the occurrences of correct and incorrect responses during probe trials. A
correct response was recorded when Sarah emitted the vocal tact response corresponding to the pictured
object. An incorrect response was recorded when no vocal tact response occurred within three seconds of
the presentation of the stimulus or when an incorrect vocal response occurred. A second observer’s
independent ratings were used to calculate inter-observer agreement (I0A) scores during one third of the
sessions. During |OA sessions, the teacher and the second observer recorded their ratings for al responses
smultaneoudly but independently throughout the sessions. For purposes of calculating IOA the ratings of
the teacher were compared to those of the second observer. An agreement occurred when both observers
gave the observed response exactly the same rating (correct or incorrect). A disagreement occurred when
the observers rated the same response differently. The IOA was calculated by dividing agreements by
agreements plus disagreements and then multiplying by 100. The actual 10A scores ranged from 93% to
100% with an average of 98%.

Design

An dternating treatment design was used to evauate the relative effectiveness of TC training vs.
VA training for teaching tact responses. Both experimenta conditions were conducted during each
session. The sequence of the two treatment conditions were aternated randomly across the sessions, and
the same condition was never presented more than two times consecutively, according to the requirements
of an aternating treatment design (Barlow, Hayes, 1979).

Results

The cumulative number of tacts mastered in both the TC and VA training conditions are
presented in Figure 1. Sarah received atota of about 7,500 trialsin the VA condition and about 6,500
tridsin the TC condition. Thefirst tact in the TC condition was mastered by the fifth treatment session
and after 89 teaching trials. By the end of 28 treatment sessions, Sarah had mastered 30 tactsinthe TC
condition. The first tact in the VA condition was not mastered until the seventh trestment sessions and
after 148 teaching trials. Moreover, only eight tacts were mastered by the end of 28 treatment sessions.
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Figure 1. Cumulative number of vocal tactsmastered in thetotal communication condition
and vocal-alone condition per session.

Figure 2 presents the mean trials to criterion for tact acquisition in the TC and VA conditions. In
the TC condition tact responses were mastered in an average of 155 trials (compared with 357 trialsin the
VA condition). Overal, the TC treatment produced almost four times as many mastered tacts as the VA
condition, and it accomplished this in less than one-half the average number of trials.
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Figure 2. The mean number of trialsto criterion for vocal tactsin thetotal communication
condition and vocal-alone condition.
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Discussion

The results indicate that, for the child with autism in this study, the TC procedure was superior to
VA procedure to support the acquisition of tact responses. The participant acquired almost four times the
number of responses following TC training as she did following VA training, and mastery was achieved
inthe TC condition following significantly fewer teaching trials. These results support previous research
which has suggested that the addition of manual sign language to vocal training programs (TC) may
increase vocal responding in learners for whom vocal-aone training has not produced satisfactory
outcomes (Barrera et a., 1980; Barrera & Sulzer-Azaroff, 1983; Konstantareas, 1984; Sisson and Barrett,
1984).

A number of possible explanations for the facilitative effect of manual sign language on the voca
verbal behavior of children with autism have been offered. Barrera and Sulzer-Azaroff (1983) attributed
the superior results of TC training to the increase in available sensory cues provided by the simultaneous
presentation of manua signs. They asserted that these cues provide additional input to the sensory
systems of children with autism, thereby facilitating the development of the vocal repertoire.

Konstantareas (1984) suggested that the iconicity of the manual signs may be a contributing factor in the
success of TC training or that the use of the signs may result in the storage of avisua image that later aids
recall of the vocal responses.

A more thorough behaviora analysis of the findings of this and previous studies reporting similar
outcomes may now be possible because of research in recent years stimulated by B.F. Skinner’s (1957)
theoretica analysis of verba behavior. Two studies have recently demonstrated the benefit of TC training
for increasing the mand repertoires of children with autism who have limited voca skills (Charlop-
Chrigty, Carpenter, Le, LeBlanc, & Kdlet, 2002; Tincani, 2004). Charlop-Christy et a studied three
individuas who were learning mand responses in the form of picture exchange (PECS). Voca
responding increased in al three of the participants when their PECS responses were paired with the
teacher’s production of the word for requested item. The authors concluded that the development of
vocdizations may have been due to a combination of factors, including (1) the verba behavior function
being targeted (i.e., mand); (2) the participants tendency to echo the teacher’s vocalization; (3) consistent
adventitious reinforcement of echoic response; (4) inherent use of a delay procedure, and (5) each
participants pre-treatment repertoire of echoic behavior.

Tincani (2004) measured increases in vocal responding by comparing the effects of PECS
training and TC (sign plus vocal) training on the development of vocal manding. He found that both
systems produced an increase in vocalizations but TC training led to more vocal responding than did
PECS. Both Tincani’s study and Cherlap et a’s (2002) study used TC training similar to the methods
used in the present research to increase vocaizations in their participants. The different forms of total
communication used in these studies (PECS-based vs. sign-based) both improved voca responding.
However since TC with manual sign produced superior results, manua sign appear to have afacilitative
advantage over PECS in supporting the production of verba behavior. A plausible explanations for the
development of vocalizations offered by Charlop-Christy, et a (2002) could account for the effectsof TC
training using either picture exchange or manual sign. But what then could explain the superior effects of
sign language found by Tincani (2004)? One possibility isto consider these findings according to
Skinner’s (1957) analysis of language. Specificaly, sign language, as with voca verba behavior,
constitutes topography-based verbal behavior (Michael, 1985). Michadl suggests that this kind of verbal
behavior is characterized by each operant (sometimes aword) having a different topography (motor
movement) for each controlling relation or referent. However, in the case of PECS and other picture/icon
selection or exchange systems the motor movement is almost identical for each response and what is
different is the picture or icon selected. Michael (1985) referred to this type of responding as selection-
based verba behavior. This difference may be more important than it appears. Sundberg and Partington
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(1998) offer an explanation as to how sign language during TC training may gain its superiority over
selection-based systems. “ Once the motor movements are learned, specific vocalizations can be matched
with the signs. This sign-vocalization prompt can help in other ways aswell. A child can use signsto
prompt his own vocalizations’ (p.77). In other words, the unique topographies of individua manua signs
(in contrast to the consistent topography of selection systems) may allow alows each signto act asa
“built in prompt”. In fact, Tincani (2004) offers this explanation to account for the superiority of Sgn
compared to PECS in the development of vocal responses by children with autism. Similarly, the
participant in this study either signed the tact and then emitted the vocal response or she first looked at the
sign she produced and then emitted the voca response. The use of signs as prompts for vocalization
seemed to be confirmed by the behavior of the participant in our study based on anecdotal observations.

One of the important findings of this study is the fact that the responses taught were tacts and not
mands. Mands are associated with more valuable forms of reinforcement since the form of the response
specifies areinforcer that is presently potent. In the case of tacts, more generalized socia reinforcement
usually maintains these responses as was the case in this study. In this study however, the participant had
areasonably well developed vocal mand repertoire but failed to develop and maintain avocal tact
repertoire. Despite the seemingly less powerful socia reinforcement associated with the tact response the
manual signs appeared to act as supplementary stimulation leading to the acquisition of vocal tact
responses. Thisisimportant since most verba behavior is maintained by generalized forms of
reinforcement, such as the vocal intraverbal response, and therefore most functions of verbal responding
may be susceptible to the effects of total communication training with manua sign language.

This study is limited by the fact that findings of only one participant are reported here.
Replication of these findings with additional participants with autism who have varying characteristics
and levels of disability will be needed in order determine the benefits of total communication training
with awide range of participants. In addition, while no formal maintenance data were collected anecdotal
reports indicate the maintenance of the tacts acquired during TC training. In fact, the acquisition data and
maintenance reports were so positive that Sarah continues to be taught al verba behavior with the
support of TC using manua sign language. She amost dways signs prior to vocaizing and when she
fails to emit a vocal response, a request made by her teacher that Sarah sign the response amost always
evoked the correct vocdization.

Future researchers may want to determine the effectiveness of TC with simultaneous manual sign
and voca training for learners who emit echoic responses and potentially voca mands but fail to emit
high rate vocal intraverbal responses. In fact, we conducted a second study to address this issue however
due to some methodological flaws the results were not included in this report. Nevertheless, the results
were promising and suggest that intraverba voca responding may be facilitated through TC training
using manua sign language.

The pattern of results in this line of research have important implications for practitioners and
parents who wish to teach vocal responses to children with autism who exhibit weak vocal responding. It
appears that with some of these children vocal-alone training may not be sufficient to produce voca tact
responding and therefore the addition of manua sign language may provide a necessary method in the
development of this repertoire. Persons responsible for the design and implementation of language
training programs for children with autism who have not yet developed satisfactory vocal responses
should consider the evocative effects of TC with manua sign language as an addition to their language
training programs.
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Considering Response Efficiency in the
Selection and Use of AAC Systems

Susan S. Johnston

Abstract

Individuals with severe disabilities whose speech is either ineffective or inefficient for meeting
their communicative needs have benefited from augmentative and alternative modes of communication
(AAC). However, despite the evidence supporting the use of AAC with individuals with severe
disabilities, practitioners may still encounter challenges in implementing AAC interventions. These
challenges may be due, in part, to problems related to contextual fit. This paper (a) examines the
importance of contextud fit in the design and implementation of AAC interventions, (b) explores the
potential role of response efficiency for enhancing contextua fit, (c) presents a framework for examining
the response efficiency of AAC interventions, and (d) provides a discussion of needed research.
Keywords. Augmentative and Alternative Communication, AAC, Contextud Fit, Response Efficiency.

I ntroduction

Augmentative and Alternative Communication (AAC) refers to the use of devices or techniques
that supplement or replace an individua’ s spoken communication skills (Mustonen, Locke, Reichle,
Solbrach, & Lindgren, 1991). AAC includes unaided modes of communication (e.g., gestures, Sgn
languages/systems, and facid expressions) as well as aided modes of communication (e.g., line drawings
on a communication board, written words on a pad of paper, laptop computers with synthesized speech
output, dedicated AAC devices with digitized speech output).

Individuals with severe disabilities whose speech is either ineffective or inefficient for meeting
their communicative needs have benefited from augmentative and aternative modes of communication
(e.g., Cefiero, 1998; Johnston, McDonnell, Nelson, & Magnavito, 2003; Johnston, Nelson, Evans,
Pdazolo, 2003; Marcus, Garfinkle, & Wolery, 2001; Mirenda & Ericson, 2000; Quill, 1997; Rowland &
Schweigart, 2000; Schopler, Mesibov, Shigley, & Hearsey, 1995). However, as promising as the
evidence supporting the use of AAC with individuas with severe disabilities has been, practitioners il
encounter challenges in implementing AAC interventions. These challenges may be due, in part, to
problems related to contextual fit. This paper (a) examines the importance of contextua fit in the design
and implementation of AAC interventions, (b) explores the potentia role of response efficiency for
enhancing contextud fit, (c) presents a framework for examining the response efficiency of AAC
interventions, and (d) provides a discussion of needed research.

Importance of Contextual Fit in the Design and Implementation of AAC Interventions

Theterm contextual fit refers to the compatibility between an intervention and a variety of
variables, including characteristics of the person for whom the intervention was developed, characteristics
of the individuals who will implement the plan, and features of the environment within which the
intervention will be implemented (Albin, Lucyshyn, Horner, & Flannery, 1996). Albin et a (1996) posit
that an intervention “may be theoretically well designed and solidly grounded in both behavior theory and
documented practice, and yet still not be a good fit for the people and the environments involved” (p.83).
An intervention may lack strong contextual fit for a variety of reasons. For the AAC user, the AAC
intervention may require too much effort and/or may not consistently result in interactions that fulfill their
communication wants/needs. For communication partners, the AAC intervention may be cumbersome or
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time consuming to design and implement, may conflict with existing priorities, or may fail to meet their
own communicative needs.

Persona experience suggests that many AAC users and their communication partners have
participated in interventions that lack a good contextua fit. For example, consider Jane, a preschool aged
child who was taught to use sign language to communicate her wants and needs. Jane quickly acquired a
large repertoire of signs. However, with the exception of her preschool teacher who possessed some basic
knowledge of sign language, none of the peersin Jane's classroom understood or used sign language.
Thus, although the use of sign language was an effective AAC strategy for Jane, the overall contextua fit
of the intervention was decreased as a result of the skillg/abilities of Jane’'s communication partners.
When practitioners are faced with a situation where a beginning communicator with severe disabilities
has an AAC system but uses it infrequently, or communication partners engage in infrequent interactions
with the AAC user, it may be important to examine the contextua fit of the AAC intervention. One
factor that may influence contextua fit relates to the efficiency of the AAC intervention compared with
the efficiency of other competing behaviors.

Considering Efficiency as means of Increasing Contextual Fit

Herrnstein (1961) demonstrated that the distribution of behavior among concurrently available
functionally equivaent dternatives depends on the history of reinforcement for each of the available
behaviors. Thisled to the hypothesis that when individuals have two or more responses in a functionaly
equivalent class, they will select the response option that is percelved as most efficient in procuring or
maintaining reinforcement (Mace & Roberts, 1993). For example, a student with severe disabilities may
have learned that either biting a peer or touching a switch that produces the spoken message “I need a
break” will result in release from an activity. In this example, the behavior that is most efficient (i.e.,
results in the greatest reinforcement for the least effort) is apt to be the more frequently used
communicative act. Response efficiency is influenced by at least four variables; response effort (Bauman,
Shull, & Browngtein, 1975; Beautrais & Davison, 1977; Horner, Sprague, O’ Brien, & Heathfield, 1990;
Horner & Day, 1991; Mace et a., 1996; Richman, Wacker, & Windborn, 2001; Skinner, Belfoire, Mace,
Williams-Wilson, & Johns, 1997), rate of reinforcement (Conger & Killeen, 1974; Horner & Day, 1991;
Mace, Neef, Shade & Mauro; 1994; Martens & Houk, 1989; Martens, Lochner, & Kelly; 1992; Neef,
Mace, & Shade, 1993), immediacy of reinforcement (Horner & Day; 1991; Logue, 1988; Neef et d,
1993; Rachlin, 1989), and quality of reinforcement (Hollard & Davison, 1971; Mace, Neef, Shade, &
Mauro; 1996; Miller, 1976; Neef & Lutz, 2001; Neef et d., 1993). McDowell (1988) hypothesized that
these components interact to influence the probability that an individua will engage in one response
option over another.

It seems likely that the components of response efficiency may influence alearner’s use of AAC.
Consder alearner who choosesto refrain from engaging in communicative interactions using his
communication board comprised of black and white line drawings. This choice may be aresult of the
physical effort required to communicate (e.g., if the motor demands associated with retrieving the
communication board and then locating symbols on the system are too gredt, the learner may choose not
to useit). Alternatively, the learner may refrain from using the AAC system because the quality of
reinforcement provided is not substantial enough to warrant its use (e.g., the learner may typically receive
desired outcomes regardless of whether or not they use their system). Finaly, the learner may not use
their communication board because too much time lapses between the emission of the communicative
behavior and the délivery of the reinforcement (e.g., communication partners do not realize the AAC user
is attempting to communicate and/or have difficulty understanding the AAC user’s message and therefore
do not respond in atimely enough fashion to make the use of the system worthwhile).
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Horner and Day (1991) implemented a series of experiments examining the role of response
efficiency in teaching a communicative dternative to chalenging behavior with three individuaswho
had severe to profound mental retardation (ranging in age from 12 to 27 years). In each experiment,
participants were taught communicative aternatives that were functionaly equivaent to their challenging
behaviors but were not as efficient in terms of either physical effort (i.e., emitting the signs for “I want to
go, please” as areplacement for escape motivated aggression), schedule of reinforcement (i.e., emitting
the sign “help” three times as a replacement for emitting self-injurious behavior to obtain assistance), or
latency of reinforcement (i.e., receiving a break from tasks 20 seconds after handing the interventionist a
card with the word “BREAK” on it as a replacement for escape motivated aggressions). Results indicated
that the new, functiondly equivaent but inefficient, behaviors did not replace the chalenging behaviors.
However, when the aternative behaviors were made more efficient (e.g., signing “break” rather than the
sentence “| want to go, please”, signing “help” only one time rather than three times, receiving a break
immediately after handing the interventionist a card with the word “BREAK” on it rather than 20 seconds
later), there were dramatic reductions in challenging behavior and collatera increases in the use of the
new communicative aternatives.

The components of response efficiency may aso influence the propensity of communication
partners to engage in interactions with AAC users. Thisisimportant to consider because an AAC system
is unlikely to be effective without the commitment of the AAC user’s communication partners (Brinker,
Seifer, & Sameroff, 1994; Brotherson & Cook, 1996; Gallimore, Weisner, Bernheimer, Guthrie, &

Nihira; 1993; Musselwhite & St.Louis, 1988). For example, consider a peer who chooses to refrain from
engaging in communicative interactions with an AAC user in hisclass. This choice may be aresult of the
effort required to communicate (e.g., if the effort associated with understanding the AAC user’s
communicative attempts are too grest, the peer may choose to avoid interactions). Alternatively, the peer
may choose to avoid interactions with the AAC user because of alow quality of reinforcement (e.g., the
conversationa topics that are engaged in by the AAC user may not be of interest to the peer). Findly, the
peer may not engage in interactions with the AAC user because too much time lapses between the
emission of the communicative behavior and the ddivery of the reinforcement (e.g., the time that it takes
to engage in turn-taking interactions with the AAC user is so great that the peer does not perceive the
communicative interaction to be worthwhile).

In summary, it seems important to recognize the potentia role of response efficiency in
influencing the contextual fit of AAC interventions for AAC users and their communicative partners.
The following sections will illustrate the potential role of the four components of response efficiency
(response effort, rate of reinforcement, immediacy of reinforcement, and quality of reinforcement) for
AAC users aswell as for their communication partners. For each variable of response efficiency, the
outcomes of published empirical investigations will be reported and discussed in order to demonstrate the
potentia influence of the components of response efficiency. In most cases, the focus of these
investigations was not to directly examine the operation of the response efficiency variable being
discussed. Thus, these summaries provide inferred, rather than direct, evidence of the operation of the
components of response efficiency.

Response Effort

Potential influence on the AAC user. The effort required to produce abehavior can effect whether
or not alearner will select that response (Bauman, Shull, & Brownstein, 1975; Beautrais & Davison,
1977). The potentid influence of response effort may be applicable across arange of contexts. Typically,
the influence of response effort is considered in the context of the amount of physical effort required to
communicate. Horner et al. (1990) conducted an investigation in which the physical effort required for a
14 year-old learner with moderate mental retardation to request assistance using a voice-output
communication aide as an dternative to engaging in challenging behavior was manipulated. In one
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situation, the learner was required to emit a high effort response (typing the phrase “Help Please” on a
voice output communication aid). In the second situation, the learner was required to emit alow-effort
response (pressing a single key on the communication aid in order to emit the phrase, “Help please’).
Outcomes reveded that the low effort response resulted in a sustained decrease in challenging behavior
whereas the high effort response did not result in a sustained decrease in chalenging behavior. Thus,
results of this investigation demonstrate the influence of relative response effort on choice behavior when
the learner has two or more behaviors that serve the same function in his repertoire.

In addition to physical effort, cognitive effort may impact the likelihood that a learner will use a
particular action (Johnston, Reichle, & Evans, 2004). For example, consider a situation when a learner
can either locate and point to a symbol representing “1 need help” on a communication board containing
32 symbols or offer awind-up toy to a nearby adult in order to request assistance in operating the toy. In
this situation, the cognitive effort required to locate the “I need help” symbol may be more than the
cognitive effort required to give the toy to the adult. As aresult, pointing to the symbol may be less likely
if the dternative behavior is equally likely to result in the provision of assistance.

Horn and Jones (1996) provided an example of how cognitive effort may influence alearner’s
behavior. They collected data regarding the number of error responses engaged in by a four-year-old
child with cerebral palsy across two selection techniques, circular scanning and direct selection with a
head-mounted optical pointer. Pre-assessment data collected by the authors suggested that scanning
would be the most effective technique. However, results revealed that direct selection was used more
effectively as measured by response accuracy, acquisition rate, and response time to produce correct
responses. The authors indicated that the error responses that occurred during the child’' s use of scanning
were not due to alack of understanding of the scanning process. Rather, errors occurred as aresult of off-
task behaviors and inattentiveness that resulted from the inherent slowness of the scanning selection
technique. These results might suggest that learner performance is influenced by the cognitive effort
required to maintain attention while engaged in scanning. In addition to considering the impact of effort
for an AAC user, it may be equaly important to consider the impact of effort for communication partners.

Potential influence on the communication partner. A number of variables may influence the
physical or cognitive effort required by communication partners who interact with AAC users and/or are
involved in the design and implementation of AAC interventions. When attempting to increase efficiency
from the perspective of communication partners, it isimportant to minimize the physical or cognitive
effort for interpreting the learner’ s communication via AAC as well as minimize the work involved in
developing and teaching the use of the AAC system. Furthermore, if efforts involved in teaching the use
of AAC must be sustained over along period of time or if the work involved in teaching the use of the
AAC system differs significantly from typica work efforts, support may be required in order to minimize
physical or cognitive effort (Johnston, Reichle, & Evans, 2004).

Doss et a (1991) provided an example of how cognitive effort may influence
communication partner behavior. They conducted two related experiments designed to examine the
efficiency and effectiveness of avariety of AAC devicesfor ordering meals in fast food restaurants. Each
experiment included the use of an introduction card that was presented to the communication partner at
the beginning of the communicative interaction. In the first experiment, the introduction card stated that
the user was non-speaking and that an aternative form of communication would be used. Specificaly,
the card stated:

“Hil I don't talk. | will use this deviceto place my order.” (Doss €t d., p. 257).

In contrast, the introduction cards in the second experiment were more explicit. In addition to containing
agreeting and statement that the AAC user was non-spesking, it aso provided the communication partner
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with information regarding the important features of that particular AAC device. For example, the
introduction card for one of the electronic voice output communication aids used in the study Stated:

Hi! My nameis Susan. | cannot speak. | talk by using this machine. Please follow these stepsin
order to understand my message. 1) Wait for me to push buttons. 2) Listen to my message.
Thank you. (Dosset dl., p. 261).

Although it was not the sole focus of the study, results suggested that the provision of an explicit
introduction card that directed the communication partner to the relevant features of the AAC system
decreased the cognitive effort required for communication partners thereby enhancing the effectiveness
and the efficiency of the interaction.

Quality of Reinforcement

Potential influence on the AAC user. Mace and Roberts (1993) noted that when one event is
preferred over another, the preferred event has a higher quality of reinforcement. Thus, reinforcement
delivered contingent on an AAC user’s emission of a specific communicative behavior must be preferred
over the reinforcement delivered for not using it. For example, consider an AAC user who is learning to
point to black and white line drawings in a communication wallet to request food items in the school
cafeteria. 1t seemslogica that one might expect highly preferred food items to be requested more
frequently.

Brady, McLean, McLean, and Johnston (1995) observed the initiation and repair behaviors
engaged in by 28 individuals with severe to profound mental retardation. All participants engaged in
intentional, non symbolic communicative behaviors. Opportunities were provided for the participants to
request instrumental actions (e.g., request objects) as well as to request attention to objects (e.g.,
comment). Results reveaed that the participants initiated more requests for objects than comments. One
possible explanation for this outcome is that access to tangibles may have been more reinforcing than the
provision of atention.

Potential influence on the communication partner. In addition to influencing the communicative
behavior of AAC users, quality of reinforcement may aso influence the behavior of communication
partners. For example, it seems plausible that communicative interactions with AAC users that result in
meaningful exchanges are likely to provide a higher quality of reinforcement to communication partners
than exchanges that lack true meaning.

The influence of quality of reinforcement on communication partner behavior can be inferred
from research examining the perceptions and attitudes of listeners. Light, Arnold, & Clark (2003) discuss
that although the relationship between attitudes and actual behaviors towards AAC usersis not well
understood and is probably not one-dimensional (e.g., other factors such as peer expectations and social
norms seem likely to have an influence), it seems plausible that communication partner attitudes might
predispose certain behaviors. For example, an investigation by Gorenflo & Gorenflo (1991) revealed that
observers had more positive attitudes towards AAC users of the same gender who were perceived to have
smilaritiesin terms of values and activities of daily living than towards AAC users of the same gender
who were not perceived to have similarities in terms of values and activities of daily living. If
communication partner attitudes do influence behavior, these results might suggest that communication
partners will fed that communicative interactions with “like-minded” AAC usersresult in a higher quality
of reinforcement than interactions with AAC users who do not have perceived similarities. These results
might influence the design of AAC systems by ensuring that AAC users have vocabulary on their systems
that will allow them to comment on the similarities between themselves and their communication
partners.
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Immediacy of Reinforcement

Potential influence on the AAC user. The time that lapses between producing a communicative
act and the receipt of areinforcer may also influence alearner’s use of AAC. Theoutcomesof astudy by
Soto, Befiore, Schlosser, and Haynes (1993) provide an example of the potentia influence of immediacy
of reinforcement. In thisinvestigation, the researchers taught an individual with severe to profound
mental retardation to use two AAC systems, a picture board (with no speech output) and a voice output
communication aid. Following instruction on the use of both aids, the participant received opportunities
to choose which aid to use in communicative exchanges. Results of this preference assessment revealed
that the participant chose the VOCA in 100% of the opportunities. A plausible explanation of this
outcome might be that the VOCA offered more immediate reinforcement (e.g., as aresult of the voice
output) than use of the picture board.

An investigation by Reichle and Johnston (1999) provide an additional example of the influence
of immediacy of reinforcement on the behavior of AAC users. In this study, the investigators taught two
beginning AAC users with severe disabilities to conditionally use communicative requests to obtain
desired snack items. When items were proximally near, the learners were taught to independently reach
for desired items. However, when items were in the possession of another person (e.g., teacher, peer) or
proximally distant, they were taught to point to a graphic symbol to request the item. Initid results
revealed that the AAC users did not consistently engage in the most efficient strategy. However, efficient
and conditional use was acquired after intervention that focused on the immediacy of reinforcement.

Potential influence on the communicative partner. In addition to influencing the communicative
behavior of AAC users, immediacy of reinforcement may a so influence the behavior of communication
partners. Wilkinson & Mcllvane (2002) discuss that the amount of time that it takes to compose a
message is perhaps the most frustrating aspect of graphic modes of communication. Thetimeit takesto
compose messages is likely to impact communication partner behavior especidly asit relates to
conventionalized exchanges (e.g., “Hi, how are you?’) which King, Spoeneman, Stuart, and Buekelman
(1995) indicate may comprise one third of conversations. Conventionalized exchanges are frequently
brief, fast-paced exchanges. Thus, if it takes an AAC user along time to comprise and emit this type of
message, communication partners may choose not to engage in conventionalized exchanges as a result of
the delay of reinforcement.

A variety of strategies for enhancing rate of communication such as the use of prefabricated
messages, |etter prediction, and word prediction have been reported in the literature (Silverman, 1995).
Each of these strategies may serve to increase the immediacy of reinforcement for communication
partners. One rate enhancement strategy that may be of particular interest to communication partners
involves the provision of clues for making “20 Questions’ more efficient (Garrett, Beukelman, & Low-
Morrow, 1989). Frequently, when communication partners interact with AAC users who have alimited
array of vocabulary on their system and whose expressive ability includes a reliable yes/no response, the
partners attempt to guess the communicative intent of the AAC user by asking the AAC user a series of
yes/no questions. This type of interaction often results in a significant delay in reinforcement as a result
of the number of turn-taking exchanges needed to determine the AAC user’s intended message.
Furthermore, this strategy requires a significant amount of cognitive effort on the part of the
communication partner because they are responsible for asking the probe questions and then trying to
guess the intended message based on the AAC user’ s responses. In order to address this issue, Garrett,
Beukelman, & Low-Morrow (1989) included the use of a“Clues’ card as part of an AAC user’s system.
The clue card consisted of phrases that the AAC user pointed to in order to guide the communication
partner through a structured form of 20 questions (e.g., the AAC user would point to a phrase to indicate
that he/she was referring to a person, place, event, thing, or time) in order to provide more information
before the communication partner starts to “guess’. It seems plausible that the utilization of rate
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enhancement strategies may increase the immediacy of reinforcement that the communication partners
receive when interacting with AAC users.

Rate of Reinforcement

Potential influence on the AAC user. Herrnstein (1961) hypothesized that when individuds are
presented with two or more functionaly equivaent response options, their behavior will be directly
dependent on the rate of reinforcement history associated with each adternative. The influence of rate of
reinforcement may have particular significance for the design and implementation of AAC interventions.
Consider an AAC user who is being taught to touch aline drawn symbol represent “help” rather than
tantrum in order to obtain assistance. If all other variables were held constant, Herrnstein' s hypothesis
would suggest that reinforcement must be provided more often for using the graphic symbol than for
engaging in atantrum.

Duker and VanLent (1991) demonstrated how the rate of reinforcement might impact
communicative behaviorsin an investigation designed to increase the variety of spontaneous signs
emitted by 6 participants with severe to profound disabilities. Assessment indicated that each participant
used only alimited number of the signs that they had in their repertoire. In an effort to increase the variety
of spontaneous signs produced, interventionists refrained from responding to the participant’s high-rate
signed vocabulary while at the same time delivering reinforcement for low-rate signed vocabulary
(previoudy taught but typicaly unused). Results reveaed that non-responding to “high-rate”
spontaneous signs increased the participant’s use of “low-rate” spontaneous signs.  Thus, manipulating
the rate of reinforcement provided in response to the participants spontaneous communicative behaviors
influenced their engagement in those behaviors.

Potential influence on the communication partner. Rate of reinforcement may aso influence the
behavior of communication partners. For example, consider a parent who isimplementing an
intervention designed to teach his child to touch a symbol to request more music as a communicative
replacement for his current behavior of biting. If the intervention is effective and the frequency of biting
decreases as the frequency of symbolic communication increases, the parent is receiving a higher rate of
reinforcement for implementing the intervention than for refraining from implementing the intervention.

If thisis applied to Herrnstein's (1961) hypothesis related to rate of reinforcement (and all other
efficiency variables are equd), it seems plausible that the parent will continue to implement the
intervention because he is receiving a higher rate of reinforcement for doing so. However, if the
intervention is not effective and the frequency of biting does not decrease, it seems plausible that the
parent may choose to stop implementing the intervention.

Combined Influence of Reinforcement Variables and Response Effort

Thus far, the four components of response efficiency have been discussed separately. However,
McDowell (1988) proposed that rate of reinforcement, quaity of reinforcement, response effort, and
immediacy of reinforcement interact to affect the probability that an individua will engage in one
behavior over another. Thus, an AAC user needs to analyze the interaction between a particular Situation
and the efficiency variables to determine the most efficient response to select when more than one
communicative act is available. For example, in order to request assistance opening a candy bar wrapper
in a darkened movie theater, an AAC user may be faced with the decision of using a natural gesture (such
as tapping a communication partner’s shoulder and pantomiming his inability to open the wrapper) or
touching a symbol on his communication board indicating “HELP’. In this context, the individud may
choose to use the natural gesture even though it requires a greater response effort than using the
communication board. Choosing a more effortful communicative act may seem out of concordance with
parameters of response efficiency. However, in adark environment, it may be impossible for the
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communication partner to see the AAC system. Thus, using the natural gesture may increase the
likelihood that the communicative behavior has its intended effect and may result in an increase in rate,
qudity, and immediacy of reinforcement.

The combined impact of the variables related to efficiency on communication partners can be
inferred when examining the outcomes of an investigation by Schepis and Reid (1995) who compared the
frequency of staff interactions with alearner who experienced multiple disabilities when the learner had
access to a voice output communication aid compared to when she did not have access to the
communication aid and relied on vocalizations and gestures.  Although the authors did not report data
differentiating staff initiations and responses to learner produced communication acts, results revealed
that staff interacted with the learner more frequently when she had access to the voice output
communication aid. These results suggest that perhaps the learner’ s use of the voice output
communication aid provided more salient cues than the learner’ s use of vocdizations and gestures. From
the perspective of communicative partners, interactions with the AAC user when using the voice output
communication aid may have resulted in a higher quality and/or immediacy of reinforcement. Or,
perhaps the communication aid with speech output was easier for communication partners to understand
thereby decreasing response effort. Although additiona research is necessary in order to discern which
variable(s) influence the behavior of communication partners (and different variables may influence the
choice behavior of communication partners differently), it seems reasonable to hypothesize that
communication partners may be more likely to initiate and/or maintain communicative interactions with
AAC usersif using AAC speeds up exchanges (immediacy of reinforcement), makes communication
interactions more explicit or understandable (quality of reinforcement), or decreases the need for the
communication partner to guess or infer intent (response effort).

In summary, it isimportant to recognize the potentid role of the four components of response
efficiency (response effort, rate of reinforcement, immediacy of reinforcement, and quality of
reinforcement) for AAC users as well as for their communication partners. Although most of the
empirical investigations that were reported and discussed provide inferred, rather than direct evidence of
the operation of the components of response efficiency, there seems to be support for considering
variables related to response efficiency when developing interventions involving AAC for beginning
communicators with severe disabilities. A framework for considering the variables of response efficiency
when designing and implementing interventions for learners with severe disabilitiesis provided in the
following section.

Designing Interventions with Response Efficiency in Mind

Examining the role of response efficiency for AAC users as well as communication partners
when designing and implementing interventions may increase contextua fit. Figure 1, below, provides a
planning form that considers the four components of response efficiency when designing or
troubleshooting AAC interventions. As discussed by Mace and Roberts (1993), the first step in
incorporating the variables related to response efficiency into an intervention involves collecting
information on the efficiency of the current behavior. After obtaining information regarding the efficiency
of the current behavior, interventionists can formulate an intervention procedure that competes with the
current behavior across the four variables of response efficiency. As noted by the planning form in
Figure 1, interventionists are prompted to compare the efficiency of the current behavior to the efficiency
of the desired behavior for AAC users or communication partners in order to ensure that the desired
behavior is relatively more efficient. As discussed previoudy, McDowell (1988) proposed that the four
components of efficiency (rate of reinforcement, quality of reinforcement, response effort, and immediacy
of reinforcement) interact to affect the probability that an individual will engage in one behavior over
another. Thus, when designing interventions with response efficiency in mind, it may not be necessary (or
even possible) to ensure that the desired behavior is more efficient that the current behavior across all four
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variables. Rather, interventionists should strive to develop interventions where, overdl, the new behavior
is more efficient than the existing behavior.

Planning Form for Evaluating Response Efficiency Variables
Efficiency is being considered for (circle one): AAMC User Communication Partner

MName of Individual(s) completing Planning form:

Current Behavior: Desired Behavior:
Cirele the Behavior
that is More Efficient
Variable
Response Effort | The physical effort The physical effort required to
required to engage in the engage in the desired behavior
current behavior is (circle | is circle one): Current
onel: High Medium Low ’
High Medium Low The cognitive effort required to Fisatesi
The cognitive effort engage in the desired behavior
required to engage in the is {circle one): e
chqucnt brha*.'{%}rgis (circle High Medium Low N AN epence
ane):
High Medinm Low
Rate of Ohbservation reveals that Intervention is designed 1o Current
Reinforcement | the current behavior is ensure that the desired behavior
reinforced % of the is reinforced % of the time Desired
time (insert percentage). (insert percentage).
No Difference
Quality of The quality of Intervention designed to ensure
| Reinforcement | reinforcement for engaging | that the quality of reinforcement
in the current behavior is for engagmng in the current Current
(circle one): behavior is (circle one):
=highly non-preferred -highly non-preferred Desired
=non=preferred -non-préferred
=neutral -nentral No Difference
~preferred -preferred
-higily preferred -highly preferred
Immediacy of The current behavior Intervention is designed to Current
Reinforcement | results in immediate ensure that the desired behavior
reinforcement: results in immediate Desired
reinforcement:
YES§ NO YES NO No Difference

Figure 1. Planning form for Designing AAC interventions relative to response efficiency variables

Future Research

Siegal and Cress (2002) emphasize that communicative interactions are experienced mutudly by
AAC users and their communication partner and that both the AAC user and the communication partner
are mutualy affected in socid interactions. Thus, experimental investigations are needed to explore (a)
ways to increase the contextual fit of AAC interventions, (b) the impact of efficiency variables on the
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behavior of AAC users, and (c) the impact of efficiency variables on the behavior of communication
partners.

Enhancing the Contextual Fit of AAC interventions

Albin et a. (1996) suggest that the biggest positive outcome resulting from strong contextud fit is
implementation of the intervention plan. Enhancing contextud fit may aleviate many of the problems
encountered by practitioners which include, but are not limited to, Stuations where (a) AAC systems are
developed but not used by AAC users or communication partners, (b) the use of AAC systems by AAC
users and/or communication partnersis not generalized across awide array of environments, or (c) the
use of AAC systems by AAC users and/or communication partners is not maintained across time.
Empirical work is needed to determine the most efficient and effective strategies for enhancing contextual
fit when designing AAC interventions as well as for monitoring the contextual fit of AAC interventions
on an ongoing basis.

Exploring the Impact of Efficiency Variables on the Behavior of AAC Users

To date, much of the research exploring the impact of efficiency variables on the behavior of
AAC users has explored strategies for teaching a new behavior as a replacement to an existing, socially
inappropriate, behavior. However, to be maximally efficient in acting on one's environment it is
important to learn avariety of different social forms that can be used to achieve the same social outcome.
Selecting among different social forms is determined, for the most part, by the relative efficiency of each
form in a given stuation (Reichle & Johnston, 1999). Additiona empirical work is needed to explore the
impact of efficiency variables on the behavior of AAC users when the AAC user has two or more socially
gppropriate formsin their repertoire. Thisis particularly important as interventionists strive to teach AAC
users the conditiona use of communication that requires an AAC user to engage in the mogt efficient
behavior given the unique features of a specific physical and/or socia environment.

Exploring the Impact of Efficiency Variables on the Behavior of Communication Partners

To date, thereisonly inferred (as opposed to direct) evidence of the operation of the components
of response efficiency on the behavior of communication partners. Empirical work is needed in order to
discern the extent to which efficiency variables influence the behavior of communication partners.
Empirical investigations should aso explore the extent to which factors such as age, gender, and
familiarity with the AAC user influence the choice behavior of communication partners.

Summary

In sum, this paper (a) examined the importance of contextua fit in the design and implementation
of AAC interventions, (b) explored the potentia role of response efficiency for enhancing contextua fit,
(c) presented a framework for examining the response efficiency of AAC interventions, and (d) provided
adiscussion of needed research. It seems likely that enhancing the efficiency of AAC for AAC users as
well as communication partners will serve to increase contextual fit thereby increasing the overdl
effectiveness of AAC interventions.

References

Albin, R., Lucyshyn, J., Horner, R., & Flannery, K. (1996). Contextua fit for behavioral support plans. A
model for “goodness of fit.” In L. Keogel, R. Keogdl, & G. Dunlap (Eds.), Positive behavioral
support: Including peoplewith difficult behavior in the community. Baltimore: Paul H. Brookes
Publishing.

202



SLP- ABA Volume 1, No. 3, 2006

Bauman, R. A, Shull. R. L., & Brownstein, A. J. (1975). Time alocation on concurrent schedules with
asymmetrical response requirements. Journal of Applied Behavior Analysis, 24, 53-57.

Beautrais, P. G., & Davison, M. C. (1977). Response and time alocation in concurrent second-order
schedules. Journal of the Experimental Analysis of Behavior, 25, 61-69.

Brady, N., McLean, J., McLean, L., & Johnston, S. (1995). Initiation and repair of intentional
communication acts by adults with severe to profound cognitive disabilities. Journal of Speech
and Hearing Research, 38(6), 1334-1348.

Brinker, R., Seifer, R., & Sameroff, A. (1994). Relations among maternal stress, cognitive developmern,
and early intervention in middle- and low-SES infants with developmenta disabilities. American
Journal on Mental Retardation, 98, 463-480.

Brotherson, M., & Cook, C. (1996). A home-centered approach to assistive technology provision for
young children with disabilities. Focus on Autism and Other Developmental Disabilities, 11(2),
86-96.

Cafiero, J. (1998). Communiceation power for individuas with autism. Focus on Autism and Other
Developmental Disabilities, 13(2), 113-122.

Conger, R., & Killeen, P. (1974). Use of concurrent operants in small group research. Pacific
Sociological Review, 17, 339-416.

Doss, S, Locke, P., Johnston, S, Reichle, J., Sigafoos., J., Charpentier, P., & Foster, D., (1992). An
initial comparison of the efficiency of avariety of augmentative and aternative communication
systems for ordering mealsin fast food restaurants. Augmentative and Alter native
Communication. 256-265.

Duker, P., & VanLent, C. (1991). Inducing variability in communicative gestures used by severely
handicapped individuas. Journal of Applied Behavior Analysis, 24, 379-386.

Gdlimore, R., Weisner, T., Bernheimer, L., Guthrie, D., & Nihira, K. (1993). Family responses to young
children with developmental delays: Accommodeation activity in ecological and cultural context.
American Journal of Mental Retardation, 98, 185-206.

Garrett, K.L., Beukdman, D.R., & Low-Morrow, D.R. (1989). A comprehensive augmentative
communication system for an adult with Broca s aphasia. Augmentative and Alternative
Communication, 5, 55-61.

Gorenflo, C., & Gorenflo, D. (1991). The effects of information and augmentative communication
technique on attitudes toward nonspesking individuas. Jour nal of Speech and Hearing Research,
34, 19-26.

Gorenflo, D., & Gorenflo, C. (1997). Effects of synthetic speech, gender, and perceived similarity on
attitudes toward the augmented communicator. Augmentative and Alter native Communication,
13, 87-91.

Herrnstein, R. J. (1961). Relative and absolute strength of response as a function of frequency of
reinforcement. Journal of the Experimental Analysis of Behavior, 4, 266-267.

203



SLP- ABA Volume 1, No. 3, 2006

Hoallard, V., & Davison, M. C. (1971). Preference for qualitatively different reinforcers. Journal of the
Experimental Analysis of Behavior, 16, 375-380.

Horn, E., & Jones, H. (1996). Comparison of two selection techniques used in augmentative and
aternative communication. Augmentative and Alternative Communication, 12, 23-31.

Horner, R., & Day, H. M. (1991). The effects of response efficiency on functionally equivalent
competing behaviors. Journal of Applied Behavior Analysis, 24, 719-732.

Horner, R., Sprague, J., O'Brien, M., & Heathfield, L. (1990). The role of response efficiency in the
reduction of problem behaviors through functional equivalence training: A case study. Journal of
the Association of Persons with Severe Handicaps, 15(2), 91-97.

Johnston, S., McDonndll, A., Nelson, C., & Magnavito, A. (2003). Implementing augmentative and
aternative communication intervention in inclusive preschool settings. Journal of Early
Intervention, 25(4), 263-280.

Johnston, S., Nelson, C., Evans, J,, & Palazollo, K. (2003). The use of visua supportsin teaching young
children with autism spectrum disorders to initiate interactions. Augmentative and Alter native
Communication, 19(2), 86-103.

Johnston, S, Reichle, J., & Evans, J. (2004) Supporting augmentative and alternative communication use
by beginning communicators with severe disabilities. American Journal of Speech Language
Pathology. 13(1), 20-30.

King, J., Spoeneman, T., Stuart, S, & Beukelman, D.R. (1995). Small talk in adult conversations:
Implications for AAC vocabulary selection. Augmentative and Alternative Communication, 11,
260-264.

Light, J, Arnold, K., & Clark, E. (2003). Finding a placein the “socid circle of life’. In J. Light, D.
Beukelman, & J. Reichle (Eds.), Communicative competence for individuals who use AAC (pp
361-397). Bdtimore: Paul H. Brookes.

Logue, A. W. (1988). Research on self-control: An integrating framework. The Behavioral and Brain
Sciences, 11, 665-709.

Mace, F., Neef, N., Shade, D., & Mauro, B. (1994). Limited matching on concurrent-schedule
reinforcement of academic behavior. Journal of Applied Behavior Analysis, 27(4), 585-596

Mace, F., Neef, N., Shade, D., & Mauro, B. (1996). Effects of problem difficulty and reinforcer quality
on time alocated to concurrent arithmetic problems. Journal of Applied Behavior Analysis,
29(1), 11-24.

Mace, F., & Roberts, M. (1993). Factors affecting the selection of behaviora treatments. In J. Reichle &
D. Wacker (Eds.), Communicative approaches to the management of challenging behavior.
Batimore: Paul H. Brookes Publishing.

Marcus, L., Garfinkle, A., & Wolery, M. (2001). Issuesin early diagnosis and interventions with young
children with autism. In E. Scholpler, N. Yirmiya, C. Schulman, & L. M. Marcus (Eds.), The
research basis for autismintervention (pp. 171-183). New Y ork: Kluwer Academic / Plenum
Publishers.

204



SLP- ABA Volume 1, No. 3, 2006

Martens, B. K., & Houk, J. L. (1989). The application of Herrnstein's law of effect to disruptive and on-
task behavior of aretarded adolescent girl. Journal of Experimental Analysis of Behavior, 51,
17-28.

Martens, B., Lochner, D., & Kdly, S. (1992). The effects of variable-interval reinforcement on academic
engagement: A demonstration of matching theory. Journal of Applied Behavior Analysis, 25(1),
143-151.

McDowsdll, J. (1988). Matching theory in natural human environments. Behavior Analyst, 11, 95-109.

Miller, J. T. (1976). Matching-based hedonic scaling in the pigeon. Journal of the Experimental Analysis
of Behavior, 26, 335-345.

Mirenda, P., & Ericson, K. (2000). Augmentative communication and literacy. In A. M. Wetherby & B.
M. Prizant (Eds.), Autism spectrum disorders: A transactional developmental perspective (pp.
333-369). Bdtimore: Paul H. Brookes.

Mussdwhite, C., & St.Louis, K. (1988). Communication programming for persons with severe
handicaps. Vocal and augmentative strategies. Boston: College Hill.

Mustonen, T., Locke, P., Reichle, J., Solbrach, M., & Lindgren, A. (1991). An overview of augmentative
and alternative communication. InJ. Reichle, J. York, & J. Sigafoos (Eds.), Implementing
augmentative and alter native communication: Strategiesfor learnerswith severedisabilities (pp.
1-38). Batimore: Paul H. Brookes.

Neef, N. A., & Lutz, M. N. (2001). Assessment of variables affecting choice and the application to
classroom interventions. School Psychology Quarterly, 6(3), 239-252.

Neef, N. A., Mace, R. C., & Shade, D. (1993). Impulsivity in students with serious emotiona
disturbance: The interactive effects of reinforcer rate, delay, and quality. Journal of Applied
Behavior Analysis, 26(1), 37-52.

Quill, K. A. (1997). Ingtructiona considerations for young children with autism: The rationale for
visudly cued ingtruction. Journal of Autism and Developmental Disorders, 27(6), 697-714.

Rachlin, H. (1989). Judgment, decision and choice: A cognitive/behavioral synthesis. New Y ork:
Freeman.

Reichle, J., & Johngton, S. (19