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ESTÍMULOS AUDITIVOS EM INDIVÍDUOS COM DEFICIÊNCIAS INTELECTUAIS:
UMA INVESTIGAÇÃO METODOLÓGICA
ASSESSING NONVERBAL SAME/DIFFERENT JUDGMENTS OF AUDITORY STIMULI IN
INDIVIDUALS WITH INTELLECTUAL DISABILITIES:
A METHODOLOGICAL INVESTIGATION

Richard W. Serna1
UNIVERSITY OF MASSACHUSETTS LOWELL

Mark A. Preston, & G. Brooks Thompson2
UNIVERSITY OF MASSACHUSETTS MEDICAL SCHOOL3

RESUMO
O presente artigo metodológico relata uma tentativa inicial de avaliar a viabilidade e a utilidade de uma tarefa não verbal para
avaliar o julgamento generalizado de igualdade/diferença entre estímulos auditivos em indivíduos com deficiências intelectuais. O Estudo 1 investigou se os participantes poderiam prontamente adquirir uma linha de base de desempenho discriminativo de igualdade/
diferença, em tarefa de “go-left/go-right” (responder à esquerda/responder à direita) com ajuda mínima. Os estímulos-modelo consistiam em pares de sons de frequência única apresentados sucessivamente. Se os sons fossem idênticos, seleções de um estímulo visual
no lado esquerdo da tela do computador eram reforçadas. Se os sons fossem diferentes, seleções de um estímulo visual no lado direito
da tela do computador eram reforçadas. Dois dos cinco participantes aprenderam prontamente a tarefa, generalizaram o desempenho
para outros estímulos e completaram um protocolo rudimentar para avaliar discriminações auditivas que são potencialmente mais
difíceis do que aquelas usadas para estabelecer a tarefa inicial. No Estudo 2, dois participantes que não puderam desempenhar a tarefa
“go-left/go-right” com os sons de única frequência, mas puderam fazê-lo com palavras faladas como estímulos, transferiram com sucesso
o controle das palavras faladas para os sons via um procedimento de esmaecimento e sobreposição de estímulos auditivos. Os achados
apoiam a viabilidade de se usar a tarefa como uma avaliação de discriminação auditiva em geral.
Palavras-chave: discriminação auditiva, procedimento de resposta à esquerda/resposta à direita, deficiência intelectual, emparelhamento ao modelo, sobreposição e esmaecimento.

ABSTRACT
This methodological paper reports an initial attempt to evaluate the feasibility and utility of a nonverbal task for assessing generalized same/different judgments of auditory stimuli in individuals with intellectual disabilities. Study 1 asked whether participants
could readily acquire a baseline of auditory same/different, go-left/go-right performance with minimal prompting. Sample stimuli
consisted of pairs of successively presented sine-wave tones. If the tones were identical, selections of a visual stimulus on the left side
of the computer screen were reinforced. If the tones were different, selections of a visual stimulus on the right side of the computer
screen were reinforced. Two of five participants readily acquired the task, generalized performance to other stimuli, and completed a
rudimentary protocol for examining auditory discriminations that are potentially more difficult than those used to establish the initial
task. In Study 2, two participants who could not perform the “go-left/go-right” task with tone stimuli, but could do so with spoken-word stimuli, successfully transferred control by spoken words to tones via an auditory superimposition-and-fading procedure. The
findings support the feasibility of using the task as a general-purpose auditory discrimination assessment.
Keywords: auditory discrimination, go-left/go-right, intellectual disabilities, matching to sample, superimposition and fading.
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Limited and defective auditory learning
skills are widely reported in individuals with
intellectual disabilities (Abbeduto, Furman,
& Davies, 1989; Chapman, Schwartz, & Kay-Raining Bird, 1991; Miller, 1987), particularly in those who also have autism (Klinger,
Dawson, & Renner, 2002). These problems
impose limitations on a wide range of learning opportunities, including communication, social skills training, and academic
instruction. Such opportunities are often the
primary focus of intervention programs, for
instance those based on the principles of applied behavior analysis (ABA). Children who
fail to discriminate spoken words lack critical
prerequisites for acquiring effective listening
and speaking repertoires. Language training,
whether vocal or alternative/augmentative,
cannot succeed unless the child distinguishes one word from another. Indeed, Barker-Collo, Jamieson, and Boo (1995) and Vause, Martin, and Yu (2000) have shown that
auditory discrimination performance highly
correlates with communication ability in individuals with moderate to profound intellectual disabilities.
From a behavior analytic perspective, auditory learning problems can be characterized as a failure of auditory stimulus control,
that is, failure to discriminate one auditory
stimulus from another. Though establishing
auditory stimulus control has been addressed
intermittently for many years (Green, 1990;
McIlvane & Stoddard, 1981, 1985; Meyerson & Kerr, 1977; Schreibman, Charlop, &
Koegel, 1982; Schreibman, Kohlenberg, &
Britten, 1986; Serna, Stoddard, & McIlvane,
1992; Stoddard, 1982; Stoddard & McIlvane,
1989), universal success in establishing auditory discrimination has been elusive, par-

ticularly for individuals whose intellectual
functioning is very low. One reason may be
that the auditory stimuli used in many of
these studies are spoken words which, given their many prosodic features (e.g., pitch,
duration, rise and fall, rhythm, etc.), are relatively complex stimuli. As is known from
studies of restricted stimulus control (e.g.,
“stimulus overselectivity”, Dube et al., 2003)
and feature classes of visual stimuli (e.g., Serna, Wilkinson, & McIlvane, 1998), individuals with intellectual disabilities may develop
control by only a single aspect of a stimulus,
producing stimulus control that is incompatible with the control intended by the
experimenter or teacher (stimulus control
topography coherence theory; McIlvane &
Dube, 2003; McIlvane, Serna, Dube, & Stromer, 2000). For example, “high functioning”
individuals with autism show superior pitch
discrimination compared to typically developing individuals (Bonnel et al., 2003). This
ability might result in stimulus control that
is overly restricted to the pitch dimension of
spoken words.
In order to begin to address problems of
auditory stimulus control in individuals with
intellectual disabilities, a reliable method for
assessing current auditory discrimination abilities is needed. Often auditory assessment
studies with verbally capable individuals
(e.g., Bonnel et al., 2003; Jones et al., 2009;
Moore, 1973; Serna, Jeffery, & Stoddard,
1996) use extensive verbal instructions to
establish the task. Sometimes, participants
are also instructed to provide their responses
vocally. Unfortunately, the language requirements of such tasks preclude their direct
use with individuals who have limited or
no verbal skills, a population that would es70
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pecially benefit from such an assessment. In
order to arrange an auditory discrimination
assessment for individuals with intellectual
disabilities including limited language skills,
a method must not rely on verbal instruction or a verbal response.
In stimulus control terms, such an auditory discrimination assessment task would be
an auditory version of generalized conditional stimulus-stimulus relational performance.
Such a method might beg in by training a
simple auditory discrimination. Once this
initial baseline performance is established, a
subsequent auditory discrimination would be
based on the relation of sameness or difference between two rapidly presented auditory stimuli. For example, the go/no-go task
might be used (e.g., D’Amato & Colombo,
1985): If the stimuli are the same, the participant would respond; if the stimuli are different, the participant would refrain from
responding. This task has been used, in fact,
to train auditory discrimination in individuals
with intellectual disabilities. For example,
Serna et al. (1992) showed that two individuals with severe intellectual disabilities
could learn the task when the S+ (the “go”
stimulus) was the word “touch” and the S(the “no-go” stimulus) was the word “wait.”
However, unpublished subsequent tests of
this go/no-go task yielded far less successful
results for several additional participants with
severe intellectual disabilities, despite the use
of stimulus-control shaping and prompting
procedures (see McIlvane & Dube, 1992, for
a discussion of stimulus-control shaping).
The primary pattern of responding for these
additional participants was a tendency to respond regardless of whether the S+ or S- was
present; refraining from responding was diffi-

cult for them. Capitalizing on this propensity
of individuals with intellectual disabilities to
respond in the presence of auditory stimuli,
Serna et al. (1996) successfully established auditory discrimination of two digitized spoken
words with a “go-left/go-right” (yes/no) procedure (e.g., D’Amato & Worsham, 1974), in
which a response is required on every trial: If
Word 1 was presented, the participant would
respond to a visual stimulus on the lower-left
side of a computer screen; If Word 2 was presented, the participant would respond to the
right. The Serna et al. (1996) study suggests
that an adaptation of this “go-left/go-right”
task might be used with pairs of successively presented auditory stimuli to establish a
“same/different” discrimination.
The present paper evaluates the feasibility and utility of a nonverbal task for assessing generalized same/different judgments
of auditory stimuli. Participants were individuals with moderate intellectual disabilities. More specifically, the first of two studies asked whether the “go-left/go-right”
task could be adapted to an extent that
participants would respond to one side of
a computer screen if two successively presented auditory stimuli were identical and
to the other side of the screen if the stimuli were not identical. If such performance could be established, the question then
became: would it generalize to new auditory stimuli? The first study also explored
a rudimentary protocol for examining the
development of auditory discriminations
that are more difficult than those used in
the initial task. A second, follow-up study
examined a stimulus-control shaping procedure for transferring the “go-left/go-right” stimulus control from one auditory
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stimulus category (digitized spoken words)
to another (tones). Importantly, the present
studies represent the beginning of a larger
programmatic effort to explore the discrimination of individual features (e.g., pitch,
duration, etc.) of auditory stimuli.

ter, seated behind and to the participant’s
right, monitored all sessions, initiated trials,
and delivered reinforcers.
Procedure
Auditory discrimination was assessed with
a same/different, “go-left/go-right” task. The
task is illustrated in Figure 1. Each trial began with the presentation of two auditory
stimuli, presented sequentially with a 500 ms
interval separating them, and a white square displayed in the center of the screen. The
two stimuli were either identical or different
in frequency, and the pair of stimuli repeated every 1200 ms throughout the trial. The
white square served as an observing stimulus;
responses to it became effective only after
the pair of auditory stimuli had been presented once. When the participant then responded to the observing stimulus (upper left and
right portions of Figure 1), two additional
squares (hereafter referred to as “keys”), each
with a distinct non-representational form,
were displayed (lower portion of Figure 1).
One key was located in the lower left corner
and the other in the lower right corner of
the screen. A response to left key was always
correct if the two stimuli had the same frequency, and a response to the right key was
always correct if the two stimuli had different
frequencies. Key locations and their respective forms were the same across all trials and
throughout the study.
Correct responses were followed by a
1-sec flashing visual display, a series of melodic tones, and the delivery of a token. Incorrect responses resulted in a blank screen and
an intertrial interval (ITI) ranging from 3 to
5 s during which the screen was blank. The
experimenter initiated all trials with a press

General method
Apparatus, stimuli, and setting
Experimental sessions were controlled
by custom in-house software (MTS: Dube,
1991; Dube & Hiris, 1999) running on a
Macintosh desktop computer fitted with a
touch-sensitive monitor or equipped with
a mouse. All stimulus presentations, response consequences, and shaping procedures
were fully automated, and responses to the
touch-screen monitor were recorded to
disk. Two types of auditory stimuli were
used: sine-wave tones and recorded spoken
words. Pure-tone auditory stimuli were
constructed using SoundEdit-16® software (Macromedia) on a Macintosh computer. Spoken-word stimuli were recorded by
a male voice speaking into a digital audio
workstation. The specific tone frequencies
and words, and their durations, varied according to details of the study (see below).
All stimuli were created and presented as
16-bit, 44.1-khz, “.snd” type files. Auditory
stimuli were presented via two external
speakers placed to the left and right of the
computer monitor, or through stereo headphones. All auditory stimuli were presented at a comfortable volume, as determined
by the experimenter and participant in an
initial volume test. All experimental sessions
were conducted in a quiet room away from
the participants’ classrooms. An experimen72
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to a keyboard spacebar; trials were initiated
only after the participant had finished placing their token from the past trial in a small
receptacle to the side of the computer screen.
Trials were presented in a random order
with an equal number of same and different

auditory pairs of stimuli. Each session generally consisted of 60 trials. At the conclusion
of a session, tokens were traded in for money
or edibles such as raisins. Sessions were usually
conducted 3-5 times per week, depending
on the availability of each participant.

Figure 1. Baseline frequency discrimination task with the same/different, go/no-go procedure.The left panel illustrates
“same” trials, either with 750 Hz or 500 Hz. The right panel illustrates “different” trials.
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Table 1
Gender, Chronological Ages (CA), Peabody Picture Vocabulary Test (PPVT) and Expressive
One-Word Picture Vocabulary Test (EOWPVT) scores for study 1 participants

Participant
code

Gender

CA
(years-months)

PPVT score
(years-months)

EOWVT score
(years-months)

RSE

F

19-10

6-01

5-09

MIB

M

21-0

6-07

5-06

EBG

M

15-0

9-02

8-07

JAR

M

14-3

6-08

6-01

MES

M

19-5

9-11

13-04

Study 1: same/different, “go-left/
go-right” frequency discrimination

spoken words. Finally, for participants that
could successfully generalize their same/
different performance, Study 1 also examined the feasibility of using this non-verbal
procedure to test participants’ unreinforced
performance in an assessment task assessing
sensitivity to different (relatively large and
small) tone disparities. Performance with
different disparities ultimately could provide evidence about the extent of participants’ discrimination abilities as auditory
stimuli are made more similar. As described
below, these three questions were addressed
in three separate experimental phases.

Study 1 asked whether participants with
intellectual disabilities could readily acquire
same/different,“go-left/go-right” performances with minimal prompting and differential reinforcement (“trial and error”) in a
frequency discrimination task involving two
sine-wave tones. As noted earlier, such performance could serve as a useful baseline
from which further assessments of auditory
discrimination could be developed. The
next step in auditory discrimination assessment would be to examine pairs of auditory
stimuli that differ from those used to train
baseline performance, thereby examining
generalized auditory same/different judgments. Therefore, a second question of Study 1 asked whether participants, who could
acquire the baseline frequency discrimination task, could also generalize their performance to new auditory stimuli, recorded

Method
Participants
Five participants, all with intellectual disabilities, were recruited from a local residential school for individuals with developmental disabilities. Each was assigned a code to
conceal his/her identity. Table 1 shows their
74
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Table 2
Baseline and probe-trial auditory stimulus pairs and results for EBG and MIB,
Experiment 1, Phase 3
EBG

Baseline

Probes

MIB (first assessment)

MIB (second assessment)

auditory tone-stimulus pairs

accuracy

auditory tone-stimulus pairs

accuracy

auditory tone-stimulus pairs

accuracy

500Hz—500Hz

100%

500Hz—500Hz

100%

500Hz—500Hz

100%

750Hz—750Hz

100%

750Hz—750Hz

92%

750Hz—750Hz

100%

500Hz—750Hz

83%

500Hz—750Hz

100%

500Hz—750Hz

100%

750Hz—500Hz

100%

750Hz—500Hz

100%

750Hz—500Hz

100%

500Hz—520Hz

92%

500Hz—520Hz

83%

500Hz—510Hz

75%

520Hz—500Hz

92%

520Hz—500Hz

92%

510Hz—500Hz

83%

520Hz—520Hz

92%

520Hz—520Hz

100%

510Hz—510Hz

100%

500Hz—625Hz

100%

500Hz—625Hz

100%

500Hz—625Hz

100%

625Hz—500Hz

100%

625Hz—500Hz

100%

625Hz—500Hz

100%

625Hz—625Hz

100%

625Hz—625Hz

100%

625Hz—625Hz

92%

750Hz—730Hz

92%

750Hz—730Hz

8%

750Hz—720Hz

67%

730Hz—750Hz

83%

730Hz—750Hz

0%

720Hz—750Hz

75%

730Hz—730Hz

92%

730Hz—730Hz

100%

720Hz—720Hz

100%

750Hz—625Hz

100%

750Hz—625Hz

92%

750Hz—625Hz

100%

625Hz—750Hz

100%

625Hz—750Hz

92%

625Hz—750Hz

83%

chronological ages (CAs) and their receptive
and expressive language abilities. Receptive
language was measured with the Peabody
Picture Vocabulary Test (PPVT – IIIA and
4A; Dunn and Dunn, 1997, 2007). Expressive language was measured with the Expressive One-Word Picture Vocabulary Test
(EOWPVT – 2000 Edition; Brownell, 2000).
Chronological ages ranged from 14-3 (years-months) to 21-0 years (mean 17-10; median
19-5). Using the PPVT scores, the estimated
mental ages ranged from 6-1 to 9-11 (mean
7-8; median 6-8). All participants had normal hearing (+/- 5dB HL), as assessed with

a pure-tone audiogram prior to their participation. Four of the five participants had
served in prior studies involving visual discrimination, but none had experienced the
present procedures.
Procedure
Phase 1: Baseline same/different, “go-left/go-right” training. Each of the five participants
was exposed to baseline training of the experimental task with minimal prompting and
differential reinforcement. Stimuli consisted
of sine-wave tones of 750 Hz and 500 Hz.
Frequencies in this range are similar to those
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in the target range of other auditory studies
examining children with disabilities (e.g., Jones et al., 2009). Each tone was 150 ms in
duration. Four two-stimulus pairs were used
as samples: 750 Hz—750 Hz, 500 Hz—
500 Hz (“same” trials) and 750 Hz—500 Hz,
500 Hz—750 Hz (“different” trials). Each of
the four pairs was presented 15 times per
session, for a total of 60-trials. For all participants, the auditory stimuli were presented
through speakers, and responses were made
to a touch-sensitive computer screen. The
first experimental session for each participant
contained a minimal prompting procedure
for the first eight trials, the presentation of
only the correct response key after a touch to
the center key. For all subsequent trials of the
first session and all subsequent sessions, both
response keys were present. All participants’
correct responses were reinforced. Successful
task acquisition was defined as three 60-trial
sessions in which overall accuracy was 90%
or higher. Failure to acquire the task was defined as three sessions in which there was no
upward or downward trend in accuracy.
Phase 2: Generalization to new auditory stimuli. Participants that acquired the baseline
tone discrimination were exposed to training sessions with new auditory stimuli, the
spoken words “cat” and “dog,” 477 ms and
577 ms in duration, respectively. As in the
previous phase, four two-stimulus complexes
were used: “cat”-“cat”, “dog”-“dog” (“same”
trials) and “cat”-“dog”, “dog”- “cat” (“different” trials). Successful task acquisition was
defined as three 60-trial sessions in which
overall accuracy was 90% or higher.
Phase 3: Auditory stimulus disparity assessment. In Phase 3, participants that demonstrated generalization in Phase 2 were exposed to

pairs of tones that differed from those used in
the baseline trials of Phase 1. The assessment
protocol consisted of three steps: (a) three
sessions with the trained baseline same/different, “go-left/go-right” task with 500 Hz
and 750 Hz stimuli; (b) three sessions of the
same baseline task without reinforcement, in
preparation for (c) assessment sessions consisting of a random mix of unreinforced baseline auditory stimulus pairs and unreinforced,
untrained test pairs of stimuli. Table 2 shows
the baseline and experimental probe pairs
used in the latter step. The left and center
columns represent the baseline and test pairs
for EBG’s assessment and the first assessment
for MIB, respectively. Each test pair was presented four times per session. The full assessment consisted of three sessions. Thus, the
participants were exposed to twelve instances
of each pair. Based on his performance, a second assessment was conducted with MIB.
This assessment was similar to the first, except that some of the frequency values were
altered; the altered pairs appear in bold (see
the right column of Table 2).
Results
Phase 1
Figure 2 shows the results of Experiment
1, Phase 1. Two participants, EBG and MIB,
successfully mastered the frequency discrimination task. EBG and MIB each met the
learning criterion in five sessions and went
on to participate in Phases 2, and 3. JAR,
RSE, and MES did not meet the criterion.
Phase 2
EBG and MIB demonstrated immediate criterion performance with the spoken76
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Figure 2. Percent correct across sessions in Study 1 for all five participants. The crriterion performance level, 90%
accuracy, is indicated by the dotted line.

-word stimuli. Across three sessions, their accuracy was 100%, 100%, and 98% (EBG) and
98%, 98%, and 97% (MIB).

pairs represented different tone disparities: a
relatively small, 20 Hz disparity (500 Hz—
520 Hz and 750 Hz—730 Hz), and a larger, 125 Hz disparity (500 Hz—625 Hz and
750 Hz—625 Hz). EBG showed perfect
accuracy when the disparity was large and
somewhat lower accuracy when the disparity was small.
During the first assessment for MIB
(middle column), he showed nearly perfect
accuracy with the large disparity and somewhat lower accuracy with the small disparity programmed at 500 Hz. However, MIB’s
accuracy with the small disparity at 750 Hz
was extremely low, suggesting that he judged
those pairs of stimuli as the same. To test this
hypothesis, MIB received a second 3-session assessment (right column, pairs in bold)
in which the small disparity at 750 Hz was
made greater (30 Hz) in an attempt to make
it easier to discriminate. At the same time,
the small disparity at 500 Hz on which he
performed fairly well was made even smal-

Phase 3
In the first step, reintroduction of the
tone stimuli, both subjects maintained criterion (>90%) accuracy across three sessions.
Both participants also maintained criterion
accuracy in the second step, unreinforced
baseline sessions. The third step consisted of
one 3-session assessment for EBG and two
3-session assessments for MIB. Table 2 shows
the results. For each participant, each of
the four baseline and 11 probe types was
presented 12 times across three sessions.
As shown in the upper portion of the table, both participants demonstrated nearly
perfect mean accuracy on each of the baseline trial types. The lower left portion of
the table shows the results of each probe
type for EBG. Note that “same” trial pairs
are underlined. The remaining “different”
77
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ler (10 Hz), a presumably more difficult discrimination. The large disparities remained
the same as her first assessment. As expected,
MIB showed greater accuracy with the 30
Hz disparity and somewhat lower accuracy
with the 10 Hz disparity, compared to her
first assessment.

study contributed to the face validity of the
procedure. Specifically, participants maintained high baseline accuracy throughout the
probe sessions, indicating that stimulus control by the same/different task remained intact. High accuracy was also maintained with
the probe trials in which the two stimuli
in the pair were identical. In one sense, the
identical probe pairs (see Table 2, underlined
probes) functioned as “control” trials; not
only would high accuracy be expected (they
are relatively easy discriminations to make),
but in combination with “different” probes,
they helped to rule out alternate sources of
stimulus control, such as a position bias. In
addition, participants’ performance was fairly
consistent within probe value; performance was similar whether a given stimulus in
a pair was presented first or second in the
stimulus complex. Lastly, both participants’
performance with “different” probes bolstered the face validity of the procedure. Each
demonstrated high accuracy with relatively
large disparities, but somewhat lower accuracy with relatively small disparities.This was
particularly true with MIB’s first assessment,
in which he largely regarded the probes with
a 20 Hz disparity at 750 Hz as the same (i.e.,
apparently he could not tell the difference
between them). The increased disparity in
the second assessment, and MIB’s improved
performance, lends further credence to the
face validity of the assessment. Interestingly,
though MIB regarded the probes in the first
assessment with a 20 Hz disparity at 500 Hz
as the same, this was not true for probes with
a 20 Hz disparity at 750 Hz.This performance appears consistent with an application of
Fechner-Weber’s Law (Fechner, 1860/1912)
to the subjective perception of 20 Hz dispa-

Discussion
In Phase 1, two of the five participants
with developmental disabilities readily acquired the auditory same/different, “go-left/go-right” task with minimal prompting.
With this task, the two participants demonstrated auditory same/different judgments of
sine-wave tones. Importantly, the participants’ performance was not dependent on
the particular stimuli used to train the task;
these participants’ also immediately demonstrated highly accurate performance with
new stimuli, recorded spoken words, in Phase 2. Thus, across Phases 1 and 2, participants
demonstrated generalized auditory same/different judgments, an important prerequisite
for using the auditory same/different, “go-left/go-right” task for further assessments.
Phase 3 was a demonstration of the essential features of a non-verbal auditory discrimination assessment: the establishment
of a baseline with auditory stimuli from the
same dimension as the one that will be assessed; the maintenance of that baseline with
no explicit feedback; and then the presentation of unreinforced probe trials mixed with
the original baseline. Both participants readily maintained their baseline performance
in the absence of reinforcement. Moreover,
several aspects of their performance in the
latter step of the assessment in the present
78
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rities at 750 Hz vs. 500 Hz. That is, humans
would perceive a 20 Hz disparity at 750 Hz
as less than a 20 Hz disparity at 500 Hz (Stevens,Volkman, & Newman, 1937). This perceptual difference may account for 750 Hz
vs. 730 Hz being a more difficult discrimination for MIB. Nevertheless, given his lowered accuracy when the disparity was changed
to 10 Hz in the second assessment as well as
his maintenance of high accuracy on baseline and “same” probes, there is no reason to
suspect that any general feature of the assessment was responsible for this performance,
other than the particular stimulus frequency
values.
Taken together, it appears that the results
of the two participants who completed all
three phases of Study 1 support the feasibility of using the auditory “go-left/go-right”
task as a general-purpose, nonverbal auditory
assessment of same/different judgments with
individuals with developmental disabilities.

the aim was to develop same/different judgments of different tone frequencies.
In an informal follow-up investigation,
two of the three participants that did not
acquire the tone discrimination in Study 1,
RSE and JAR, eventually were able to demonstrate the auditory same/different, “go-left/go-right” task with the spoken words, “dog” and “cat.” Further, RSE and JAR
demonstrated generalization to new words,
“tree” and “house.” MES was unable to perform the task with either set of words, and his
participation ended. For RSE and JAR, their
performance with words was not a sufficient
prerequisite for demonstrating subsequent
same/different judgments with tone stimuli,
even when the disparity between the stimuli was very large: 1,250 Hz. Therefore, Study
2 asked whether a superimposition and fading method (Etzel & LeBlanc, 1979; Terrace, 1963), known to be successful with many
participants with intellectual disabilities when
learning visual discriminations, would prove
feasible in transferring stimulus control by
spoken words to tones. Unfortunately, JAR
was unable to continue participation due to
behavior problems. Hence, Study 2 examined stimulus control transfer with RSE and a
naïve participant with intellectual disabilities.

Study 2: Stimulus-control shaping
methods for establishing a tone
discrimination

Though successful in many respects, Study 1 proved limited in another: Only two of
the five participants readily acquired the tone-discrimination task. Given the few participants available for study, one cannot readily
surmise from Study 1 the percentage of a
larger population of participants with similar
levels of disability that would readily acquire
the task with minimal prompting. Therefore,
it is important to explore alternative methods for establishing the task with participants
who do not readily acquire it without special training . This was the focus of Study 2;

Method
Participants, apparatus, setting
Two participants served: RSE from Study 1 and a naïve participant, RBW. RBW
was a female with a CA of 18-9 and an estimated mental age (PPVT results) of 6-8. An
expressive language test was not administered. RBW attended a day school program
for individuals with intellectual disabilities.
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The apparatus was the same as Study 1, except that RSE’s responses were recorded by
a touch-sensitive monitor, while RBW responded using a mouse. In addition, stimuli
were presented through speakers with RSE
and through headphones with RBW. The
study setting was the same as in Study 1.

accuracy) was required to move from one
stage to the next. In the first stage, the words
were presented alone. In the second stage, the
words were presented at 100% intensity, while
the tones were gradually faded onto the words
in 8 steps of increasing intensity, from 0% to
100%. In the third stage, both words and tones were presented at equal (100%) intensity. In the fourth stage, the tones remained at
100% intensity, while words were faded out
in 8 steps of decreasing intensity, from 100%
to 0%. In the fifth stage, only the tones at
100% intensity were presented, but with their
respective durations, as used during the previous fading stages. Finally, in the sixth stage,
to ensure that responses were being made on
the basis of frequency and not stimulus duration, all tone durations were standardized
as follows: 150 ms for RBW and 500 ms for
RSE. For both participants, fading-in and
fading-out auditory stimuli followed a titrating progression. That is, in a block of four
trials (two trials where the stimuli were the
same and two trials where the stimuli were
different), correctly responding to all four
resulted in a progression to the next fading
step; a single error in the block resulted in the
presentation of the previous intensity-fading
step. Based on RSE’s performance, several
modifications were made to the fourth stage,
fading out the words, as shown in Table 4.
The number of trials per session varied from
40 to 62 for both participants.

Stimuli
The baseline stimuli for RSE were the
recorded spoken words, “tree” and “house”;
her target-discrimination stimuli were sine-wave tones, 250 Hz and 1,500 Hz. During
superimposition (see below), the 250 Hz
tone was superimposed on “tree” and the
1,500 Hz tone was superimposed on “house.”
Each tone was matched in duration to their
respective words (250 Hz = 592 ms; 1500
= 772 ms). The baseline stimuli for RBW
were the recorded spoken words, “dog” and
“cat”; her target discrimination stimuli were
sine-wave tones, 2,500 Hz (superimposed on
“dog,” 577 ms) and 3,500 Hz (superimposed
on “cat,” 477 ms).
Pre-study performance
Each participant entered Study 2 with highly accurate same/different judgments of recorded spoken words, which were established
via a variety of stimulus control shaping methods. However, each participant demonstrated low-accuracy same/different judgments
of their respective tone stimuli (RSE: 60%
across two prompted sessions; RBW: 44%
across four unprompted sessions).

Results and discussion

Procedure
Superimposition and fading. In general, the
superimposition-and-fading protocol consisted of six stages; criterion performance (≥ 90%

Tables 3 and 4 show the results for RBW
and RSE, respectively. As shown in Table 3,
RBW required only a single session to meet
criterion for the first three stages. In the
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Table 3
Auditory superimposition-and-fading protocol stage and results for RBW

Session number

Protocol stage

Session
accuracy in percent

1

words only

100

2

fade-in tones

100

3

words and tones

100

4

fade-out words

86a,b

5

final performance: tones only, standardized at
150 ms

100

6

final performance: tones only, standardized at
150 ms.

100

a

Last fading step accuracy in percent.

b

100% accuracy on the last 19 trials.

Table 4
Auditory superimposition-and-fading protocol stage and results for RSE
Session
number

Session accuracy
in percent

Protocol stage

1

words only

100

2

fade-in tones

100

3

words and tones

100

4

fade-out words

55a

5

words and tones

100

6

words and tones

98

7

fade-out words 100% to 13% intensity

100a

8

words (13% intensity) and tones (100% intensity)

100

9

fade-out words (13%, 11%, 10%, 8%, 7%, 5%, 4%, 2%, 0%)

29a

10

fade-out words (13%, 11%, 10%, 8%, 7%, 5%, 4%, 2%, 0%)

67a

11

fade-out words 13% to 5% intensity

100a
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Continued
Session
number

a

Session Accuracy
in Percent

Protocol stage

12

words (5% intensity) and tones (100% intensity)

100

13

fade-out words (5%, 4%, 3%, 2%, 1%, 0%)

89a

14

fade-out words (5%, 4%, 3%, 2%, 1%, 0%)

89a

15

fade-out words (5%, 4%, 3%, 2%, 1%, 0%)

93a

16

fade-out words (3%, 2%, 1%, 0%)

91a

17

fade-out words (3%, 2%, 1%, 0%)

100a

18

final performance: tones only

100

19

final performance: tones only

69

20

final performance: tones only

94

21

final performance: tones only, standardized at 500 ms

92

22

final performance: tones only, standardized at 500 ms

98

23

final performance: tones only, standardized at 500 ms

90

Last fading step accuracy in percent.

fourth session, the words were faded out.
However, RBW showed only 86% accuracy
when the words were no longer present. Nevertheless, of the 28 trials at that final step,
RBW’s responses were correct for the last 19
consecutive trials. Therefore, she progressed
to the final stage, in which the stimulus durations were standardized at 150 ms (Sessions
5 and 6), and showed 100% accuracy.
Like RBW, RSE (see Table 4) required
only a single session for each of the first three
stages, but RSE required many more sessions
to complete the protocol. For example, in
Session 4, RSE did not meet criterion on the
final fading step. In Sessions 5 and 6, her previously accurate word-and-tone performance recovered. In Session 7, the fading steps

were modified such that the tones remained
at 100%, but the words faded out only to
13% intensity; she performed with high accuracy. In Session 8, RSE maintained the superimposition of 100%-intensity tones with
13%-intensity words at high accuracy. In
Sessions 9 and 10, a new set of fading steps
was introduced in an attempt to fade the intensity of the words more slowly, from 13%
to 0%. However, RSE still could not meet
criterion when the tones were presented
alone. In Session 11, the fading steps were
again modified such that the tones remained
at 100%, but the words faded out from 13%
intensity to 5%; she performed with high accuracy. In Session 12, she maintained high
accuracy when the entire session consisted
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of words at 5% intensity and tones at 100%
intensity. In Sessions 13–17, attempts were
again made to fade the words even more slowly; RSE’s accuracy improved. In Sessions
18-20, RSE showed highly accurate performance with only the tones for two of the
three sessions. It is unclear why RSE’s performance was poor during Session 19. Nevertheless, when the durations for each of
the tone stimuli were standardized at 500 ms
(Sessions 20-23), RSE met criterion, indicating that she had learned the tone discrimination with the task.
In sum, both participants showed transfer of stimulus control within the same/
different, “go-left/go-right” task from auditory stimuli that they could discriminate (spoken words) to auditory stimuli they
could not discriminate (tones) via a superimposition-and-fading procedure. Though RBW progressed through the protocol
rapidly, RSE required several modifications
to the protocol until she was able to demonstrate performance required by criterion with the tone stimuli. Nevertheless,
Study 2 demonstrated a successful procedure for participants who did not readily
acquire tone discriminations with minimal
prompting.

mance in a rudimentary auditory assessment
task with tone stimuli. For participants who
entered Study 2 with extant discrimination
of spoken words, it was demonstrated that
tone discrimination in the task could be established via a superimposition-and-fading
method. Together, the two studies provide
support for the feasibility and potential utility of the “go-left/go-right” task for further
development as an auditory assessment procedure. To our knowledge, this is the first
demonstration of an entirely nonverbal task
that can be used to evaluate same/different
judgments of single pairs of successively presented auditory stimuli with individuals with
intellectual disabilities.
This demonstration extends previous auditory discrimination methods in important
ways. First, as noted earlier, the present “go-left/go-right” task requires a response on
every trial. Thus, the present task does not
preclude use by participants with intellectual
disabilities or any other participant that may
have difficulty refraining from responding, as
would be required in a go/no-go task. Also,
consider the more traditional matching-to-sample format of the “go-left/go-right”
task used by Serna et al. (1996): The participants were required to respond to the left
key, given one auditory sample stimulus, and
to the right key given the other auditory
sample stimulus. Though technically the two
auditory stimuli were presented successively,
a response requirement and an ITI intervened between the presentations of the auditory stimuli. It would not be unreasonable
to assume that the interval between the two
auditory stimuli (at least several seconds)
could present difficulties for participants
with intellectual challenges. The traditional

General discussion
In Study 1, two of five participants with
intellectual disabilities readily acquired an
auditory same/different, “go-left/go-right”
discrimination task with sine-wave tone stimuli. These two participants immediately
generalized their performance to recorded
spoken words. Finally, the two participants
successfully demonstrated face-value perfor83
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matching format would likely present other
problems. For example, participants would
require separate sample-left and sample-right
training for each and every auditory stimulus
pair of experimental interest. That is, the single-sample go-left/go-right format does not
lend itself to generalized performance. This
method would be a very cumbersome way
to assess discrimination. Similar issues would
be present using the auditory matching task
from Dube, Green, and Serna (1993) for
same/different assessment purposes. In their
task, each trial consisted of the presentation
of an auditory sample followed by one auditory comparison, then a second presentation
of the same auditory sample followed by the
second comparison. Normally capable adult
participants indicated that one or the other
sample/comparison presentation was related
(by reflexivity, symmetry or transitivity) by
selecting one of two concurrently available
gray rectangles positioned in the upper left
or right of the computer screen. Each rectangle had been experimentally associated with
either the first or second auditory sample/
comparison set during the trial. The procedure proved to be excellent for examining
stimulus equivalence class formation (Sidman, 1971; Sidman & Tailby, 1982) in which
all stimuli were auditory. However, like the
Serna et al. (1996) procedure, the memory
requirements are greater than might be possible for a participant with intellectual disabilities. Further, as an assessment procedure,
perhaps to test discrimination of decreasing
disparity between tone stimuli, use of the
Dube et al. (1993) would present challenges.
For example, suppose one sought to determine whether participants judged two similar frequencies, 3,000 Hz and 2,920 Hz,

as the same or different. Stimulus 3,000 Hz
might be played as a sample stimulus with
2,920 Hz as a comparison. But what would
be used as the other comparison? One possibility would be to present a tone that is very
different from the sample, such as 1,000 Hz.
However, should a participant select the
2,920 Hz tone in this context, we would
know only that s/he judges 3,000 Hz and
2,920 Hz as more similar to one another than
3,000 Hz and 1,000 Hz; we would not know
whether s/he judges 3,000 Hz and 2,920 Hz
as the same, that is, as an undetectable difference. In sum, these issues are not problems
in the present procedure; the auditory stimuli are presented in relatively rapid succession,
that is, as a pair in which the stimuli are separated only by 500 ms. Only a single response is required to indicate a same/different
judgment per pair of stimuli, another result
of which is a relatively efficient procedure.
The findings from the present study raise
new questions. Most studies in auditory discrimination or perception with individuals
with autism (e.g., Bonnel et al., 2003), focus
on populations that are “high-functioning,”
and therefore require participants with high
levels of receptive language to understand
relatively complex instructions. A nonverbal
task does not require such levels. Indeed, the
participants in the present study would be
considered “lower functioning,” even though they all had some language skills. Though
is not the focus here, it is unknown whether the participants might have been able to
express in simple verbal terms whether they
regarded the pairs of stimuli as same or different. However, in a study involving a yes/
no visual-discrimination task, analogous to
the procedures used here, Serna, Oross, and
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Murphy (1998) found that one verbal participant with intellectual disabilities (CA 1810; estimated mental age 7-6; similar in functioning ability to those in the present study)
was unable to complete a verbal-response
version of the task, but had no difficulty
completing a nonverbal version of the task.
This finding suggests that even for individuals whose functioning level permits them to
make verbal responses, a nonverbal task, such
as the present one, may be more practical.
Of course, a formal study that examines this
question is needed before any firm conclusions can be drawn.
The present study also raises concerns
about the generality of the findings to other
individuals with intellectual disabilities. Only
two of the initial five participants readily acquired the task with tone discriminations in
Study 1. However, two additional participants
(RSE and JAR) had acquired word discriminations in informal follow-up investigation. In Study 2, RSE and a naïve participant,
RBW, eventually acquired the tone discrimination in the “go-left/go-right” task via a
stimulus control shaping method. More in-depth manipulations are needed before one
can assert that the present method is reliable.
For example, unaddressed in the present study is the extent to which participants who
undergo prolonged stimulus-control shaping
programming to establish a tone discrimination will generalize their performance to
other pairs of stimuli that are of interest to
experimenters. Neither RSE or RBW were
available for extended generalization testing,
but in a brief, informal follow-up investigation, their performance did not always indicate accurate generalization. Nevertheless,
a study with a larger group of participants,

perhaps including several groups of graded
functioning levels, would help address this
question. For participants who do not acquire
the task with any auditory stimuli (e.g., MES
in the present study), methods for establishing
the first instances of generalized conditional
auditory stimulus-stimulus relations based on
identity need to be further researched.
Finally, should additional research in this
area ultimately result in a very reliable and
general-purpose auditory assessment procedure, there are several ways the task could
be used. For example, the procedure may
be useful for assessing psychophysical performance with a variety of auditory stimuli; one could easily envision testing a more
extensive set of graded-disparity pairs such
that a pitch discrimination threshold could
be determined. Other prosodic characteristics of speech could be assessed as well. More
generally, the assessment could be used to verify the discriminability of auditory stimuli
prior to their use in an auditory-visual matching to sample task. Of course, one would
need an additional procedure to verify the
discriminability when they are separated in
time, as is the case in most auditory-visual
matching tasks. Nevertheless, the assessment
task could ultimately play a significant role
in understanding more fully the reasons that
auditory learning sometimes fails to occur.
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tem a satisfação de convidar a comunidade de pesquisadores brasileiros e ibero-americanos para
a 42ª Reunião Anual da Sociedade Brasileira de Psicologia & VIII Congresso Ibero-americano de
Psicologia da FIAP, evento que ocorrerá de 17 a 20 de outubro de 2012 no Sheraton São Paulo
WTC Hotel, em São Paulo - SP.
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