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EQUIVALENCE RELATIONS IN INDIVIDUALS WITH LANGUAGE LIMITATIONS AND
MENTAL RETARDATION
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The study of equivalence relations exhibited by individuals with mental retardation and language
limitations holds the promise of providing information of both theoretical and practical significance.
We reviewed the equivalence literature with this population, defined in terms of subjects having
moderate, severe, or profound mental retardation. The literature includes 55 such individuals, most
of whom showed positive outcomes on equivalence tests. The results to date suggest that naming
skills are not necessary for positive equivalence test outcomes. Thus far, however, relatively few sub-
jects with minimal language have been studied. Moreover, we suggest that the scientific contributions
of studies in this area would be enhanced with better documentation of language skills and other
subject characteristics. With recent advances in laboratory procedures for establishing the baseline
performances necessary for equivalence tests, this research area is poised for rapid growth.
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The 30th anniversary of the publication of
Sidman’s first paper on equivalence relations
was marked in 2001. The study (Sidman,
1971) demonstrated rudimentary reading
comprehension of 20 words in an adult male
with severe mental retardation (MR). At the
beginning of the study, the man could nei-
ther match the printed words to representa-
tional pictures nor select the printed words
upon hearing them spoken. He could, how-
ever, select the corresponding pictures upon
hearing most of the words spoken, and he
was taught to select the pictures that he did
not initially know. He also could correctly
name most of the pictures before any train-
ing. He was taught to select the correspond-
ing printed word upon hearing each of the
20 words spoken. After mastering the spoken-
to-printed word task, the subject then select-
ed printed words to match their correspond-
ing pictures, and vice versa. Further, he
named most of the printed words. This out-
come demonstrated that the man learned
more about the stimuli than was taught di-
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rectly. Emergent performances like these are
critical components of language develop-
ment.

Sidman and Tailby (1982) formalized a set
of tests designed to distinguish conditional
relations that were merely unidirectional,
rote chains from those that could serve as
prerequisites of emergent relations. They
called the latter ‘‘equivalence relations.’’ Sid-
man and colleagues proposed that the defi-
nition of equivalence relations captured es-
sential properties of the kind of relational
learning that is typically labeled as symbolic
or representational. For example, consider a
child who learns to select the numeral 2
(from among several numerals) when he
hears the word ‘‘two,’’ and also learns to se-
lect the printed word two (from among sev-
eral words) when he sees the numeral 2. In
a positive test for reflexivity, the child selects
the numeral 2 when shown the numeral 2. In
a test for symmetry, the printed word is pre-
sented as the sample, and the child must se-
lect from one or more numeral choices. In
other words, the sample and comparison
stimuli change places. In the test for transi-
tivity, the spoken word sample is presented
with printed word choices. The foundation
for this relation is that the spoken and the
printed word are related to the same picture.
A conditional relation that has all three prop-
erties—reflexivity, symmetry, and transitivi-
ty—is called an equivalence relation. It is also
possible to present a combined test for sym-



132 JENNIFER O’DONNELL and KATHRYN J. SAUNDERS

metry and transitivity. As in the test for tran-
sitivity, this test is for emergent relations be-
tween two stimuli that are related to a
common third stimulus. As in the test for
symmetry, a stimulus that has not previously
served as a sample does so. This combined
test has been referred to as a test for equiv-
alence (Sidman & Tailby).

The publication of Sidman and Tailby
(1982) led to the rapid growth of the re-
search on equivalence relations. Despite 30
years of research on this topic, however, and
the fact that Sidman’s original subjects had
moderate or severe MR, the literature on the
MR population has grown slowly relative to
that on normally capable individuals. Yet the
study of individuals with MR has the potential
to make important contributions. Because of
their verbal limitations, their performances
on tests for equivalence are potentially of
both theoretical and practical importance.

Theoretically, studies of individuals with se-
vere verbal limitations bear on a matter of
fundamental importance to this research
area. Although it is generally agreed that
there is a close relation between equivalence
relations and language, there is some dis-
agreement as to the nature of that relation.
One prominent view is that subjects’ verbal
behavior plays a necessary role in laboratory
demonstrations of equivalence relations.
Horne and Lowe (1996) proposed that per-
formance on equivalence tests is made pos-
sible by naming. They carefully define the
naming relation as a bidirectional one, in-
volving both production of the name and re-
sponding to the referent upon hearing its
name. They also propose two likely mecha-
nisms by which stimulus naming promotes ac-
curate equivalence test performance. One
mechanism involves the subject emitting (of-
ten covertly) a common name to each stim-
ulus in a stimulus class. Another possibility is
that each stimulus in an eventual class con-
trols a different name. Here, the proposed
mechanism involves the development of in-
traverbal relations among stimulus class
members. That is, emitting the name of one
class member comes to control the emission
of others, which in turn controls comparison
selection.

In contrast, Sidman (1994) suggested that
equivalence is a primary behavioral process
not reducible to any other. To Sidman, equiv-

alence performances are a critical part of the
foundation for language, not vice versa. Thus
the demonstration of equivalence relations in
individuals who do not name would be con-
sistent with Sidman’s view (although it would
not prove the view). In contrast, the demon-
stration of equivalence relations by nonnam-
ing subjects would provide evidence against
the view that the naming repertoire is nec-
essary to the laboratory equivalence perfor-
mances.

There are several populations in whom the
necessity-of-naming question should be inves-
tigated. These include preverbal normally de-
veloping children, individuals with MR and
language limitations, and nonhuman ani-
mals. Demonstrations of equivalence in ani-
mals would provide the most convincing evi-
dence that equivalence performances are not
language driven. To date, clear and strong
demonstrations have been limited, however.
For animals, negative outcomes may be spe-
cies related, although not necessarily an ab-
solute limitation. On the one hand, the quest
for reliable emergent performances in ani-
mals may involve, for example, exploring the
use of more ethologically valid stimuli and
other refinements in training procedures
(see Sidman, 1994, pp. 163–164). On the oth-
er hand, some authors have questioned
whether the same processes would be in-
volved when, and if, there are reliable dem-
onstrations of equivalence in nonhumans
(Horne & Lowe, 1996).

Although arguably the most interesting,
prenaming children are notoriously difficult
to study, and they are undergoing rapid de-
velopmental change. Moreover, it is unethical
to deprive infants of primary reinforcers, and
the powerful generalized conditioned rein-
forcers that often can be identified for ado-
lescents and adults are not yet established in
infants. Another human population in which
extreme verbal limitations can be found con-
sists of individuals with MR, who sometimes
reach adolescence or adulthood with little-to-
no verbal repertoire. In general, a greater va-
riety of conditioned reinforcers have been es-
tablished, and laboratory performance can
usually be sustained for longer within-session
and across-session periods. Moreover, adult
subjects are unlikely to be undergoing devel-
opmental changes. On the one hand, how-
ever, one could argue that negative outcomes
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from such individuals could be due to more
than the absence of naming. On the other
hand, positive outcomes also pose interpre-
tation difficulties. One could argue that ex-
posure to a verbal environment has produced
naming abilities to which conventional assess-
ments were not sensitive.

Experimentation and interpretation diffi-
culties abound. There appears to be no per-
fect subject for this work. These consider-
ations suggest that it is important to study all
three groups—each can make a unique con-
tribution. They are not substitutable for one
another, but rather complementary. One of
the goals for this review is to critique the ex-
isting literature on one of the aforemen-
tioned populations, individuals with MR and
language limitations, in terms of whether this
literature can be brought to bear on the ne-
cessity-of-naming question.

The three populations we have been dis-
cussing are of theoretical interest for another
reason. They may provide the opportunity to
directly study the development of emergent
performances. The conditions sufficient for
the initial development of these skills can best
be studied in subjects who do not initially
demonstrate them, and the study of the afore-
mentioned populations may uncover such in-
dividuals. For example, Schusterman and
Kastak (1993) did not initially show strong ev-
idence of symmetry in their sea lion subject.
After directly training symmetric relations,
however, symmetry was shown in subsequent
tests with new stimuli. This outcome is sup-
portive of relational frame theory, which pos-
its that a history of reinforcement of bidirec-
tional relations is necessary for the
demonstration of symmetry (Hayes, Barnes-
Holmes, & Roche, 2001). Thus the second set
of goals for this review is to determine (a)
whether the literature has uncovered individ-
uals who have failed to demonstrate equiva-
lence, and (b) whether there have been at-
tempts to analyze failures, or to produce the
emergent performances that define equiva-
lence relations in individuals who have not
shown them.

Perhaps the most important reason for
studying equivalence in this population is an
immensely practical one. Tests for equiva-
lence may represent a valuable tool in the
study of language development (Goldstein,
1993). For example, they may provide a

means of assessing symbol comprehension in
individuals with MR (Brady & McLean, 2000).
The tests may be especially valuable for indi-
viduals who use alternative communication
systems such as pointing to a picture or sym-
bol on a communication board. Developing
methods for assessing comprehension is a re-
cently stated research priority of the National
Institute for Deafness and Other Communi-
cation Disorders. It is worth noting that tests
with similar rationale and structure have
been used in language research with primates
for some time (Savage-Rumbaugh, Rum-
baugh, Smith, & Lawson, 1980). The equiva-
lence relations between symbols and familiar
objects might be maximally relevant to the
applied study of symbol comprehension.

These considerations suggest that it is time-
ly to review the literature on equivalence re-
lations in individuals with MR who have lan-
guage deficits. This review is structured
around three features of the literature. First,
we look at the characteristics of the subjects
and how well characteristics have been de-
scribed. Importantly, we look at how well the
subjects’ language abilities have been de-
scribed. Language skills can vary widely even
within a given level of MR (McLean, Brady,
& McLean, 1996). As we have discussed, ad-
equate information on language skills could
make the data in this literature relevant to
important theoretical and practical issues.
There are other features of subject descrip-
tion that could bear on the interpretation of
study outcomes. Have research reports indi-
cated how the subjects were selected and
whether or not they had previous experience
with matching-to-sample procedures? Do the
papers report level of MR, reported IQ, other
diagnoses (such as autism or Down syn-
drome), and whether or not subjects were
concurrently taking psychoactive medication?

Second, we examine the nature of the pro-
cedures used. We summarize the procedures
in terms of whether or not they build on per-
formances already in the subject’s repertoire,
whether all of the experimentally relevant re-
lations were learned within the context of the
experiment, and whether relations learned
within the experiment included stimuli with
which the subject was familiar. Third, we sum-
marize test outcomes.

Although our primary interest here is in
individuals with MR and limited language, we
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found that the literature is small and descrip-
tions of language skills are often incomplete.
Thus we also include all reports of subjects
with MR below the mild level because many,
if not most, of such individuals exhibit serious
language limitations. We found 20 studies
that included at least 1 subject with moderate,
severe, or profound MR. Some of these stud-
ies also included subjects with mild MR; we
have not included data from these subjects in
our summary. We also have not included a
study by de Rose, McIlvane, Dube, and Stod-
dard (1988) because it was a follow-up of a
previous study that involved similar methods
and the same subjects (de Rose, McIlvane,
Dube, Galpin, & Stoddard, 1988). For 3 other
subjects who appeared in more than one
study, however, both sets of data are included.
These cases involved the demonstration of
equivalence under two different procedures;
this will be discussed further in a later sec-
tion. Excluding subjects with mild MR, the 20
studies included 55 individual subjects. Be-
cause 3 of these individuals participated in
more than one study, there were 58 instances
of equivalence testing. We focus on individual
performance, however, so even though all 58
cases are reported in the tables below, we dis-
cuss the outcomes of the review in terms of
the 55 subjects.

The raw data from the articles reviewed are
presented in tables. For manageability as well
as expository purposes, the primary table is
broken into three parts on the basis of dif-
ferences in method (Table 1 a through c). We
will describe these differences more fully lat-
er, when they are relevant to the discussion
of training and testing methods. In what fol-
lows, we present what we found in the liter-
ature. The first three sections are largely a
summary. We summarize the characteristics
of the subjects, we summarize and categorize
the procedures used, and finally we summa-
rize the outcomes. In the last section, we dis-
cuss the state of the literature as well as some
possible future research directions.

SUBJECT CHARACTERISTICS

Demographics

For each ‘‘qualifying’’ subject, Table 1 pre-
sents sex and age (in parentheses after sub-
ject code), level of MR, IQ or mental age
(MA) and how it was assessed, other diagno-

ses, and language skills. Note that we report
a level of MR for all subjects even though it
was provided in the articles for only about
half of the subjects. When the level of MR was
not provided but a standardized test score was
given, we assigned a level of MR based on that
score using the scale provided by the Ameri-
can Psychiatric Association in the Diagnostic
and Statistical Manual of Mental Disorders
(1994). When the level of MR was provided,
we used that level even if it conflicted with
reported IQ or MA.

Table 2 summarizes the distribution of ba-
sic demographic characteristics (sex, age, and
level of MR) for the 55 subjects. Perhaps the
most striking aspect of these data is that there
are few subjects in each of the demographic
categories. The number of females (13) is es-
pecially low. Also noteworthy is the near ab-
sence of subjects with profound MR.

Returning to the information provided in
Table 1, specific diagnoses were reported for
only 21 subjects. Because nearly half of these
21 had Down syndrome, individuals with di-
agnoses other than Down syndrome may be
underrepresented in the literature. No other
specific physical disorder, including seizure
disorder, was reported for more than 2 of the
subjects. Also lacking is information on
whether or not subjects were taking psycho-
active medications. Only McDonagh, Mc-
Ilvane, and Stoddard (1984) reported this in-
formation. Given that the prevalence of
psychoactive medication use among individ-
uals with MR ranges from 26 to 50% (Aman
& Singh, 1988), it seems likely that more of
these subjects were taking such medication.
It is presently unknown whether these subject
attributes—diagnosis, presence or absence of
seizure disorder, and whether or not medi-
cation is used—affect performance on equiv-
alence procedures. As the literature builds,
however, presenting this information in all
published reports may allow meta-analyses on
the basis of these characteristics.

Preexisting Skills

Thirty of the 42 subjects for whom infor-
mation on preexisting skills was reported had
a prior history with generally relevant exper-
imental tasks (e.g., exposure to apparatus,
identity matching to sample [IDMTS]). More
directly relevant, and shown on the table, is
the subjects’ history of arbitrary matching to
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sample (AMTS). Out of the 35 subjects for
whom the presence or absence of AMTS ex-
perience was reported, 22 had demonstrated
AMTS performance prior to participation in
the studies reported here (3 subjects had
demonstrated AMTS performance in previ-
ous studies: Subject DL in de Rose, McIlvane,
Dube, & Stoddard, 1988; and Subjects PNO
and JDB in Dube & McIlvane, 1995).

In general, the reports reviewed here pro-
vided little information as to whether preex-
perimental history or particular preexisting
skills were factors in subject selection. Al-
though subjects who do not learn AMTS can-
not be given the classic tests for equivalence,
few studies have reported explicit screening
procedures for AMTS skills, or whether or
not prospective subjects who did not learn
AMTS were dropped. What can be gleaned
from some of the studies is the number of
trials required for the subject to learn the first
conditional discrimination and the methods
used to teach it. Most of the studies were
completed before the relatively recent devel-
opment of teaching procedures specifically
designed for conditional discrimination (K. J.
Saunders & Spradlin, 1990, 1993; Zygmont,
Lazar, Dube, & McIlvane, 1992). Appendixes
A, B, and C (7th column) show that AMTS
performances were most often taught either
with trial-and-error procedures or with rela-
tively crude instructional programming. For
example, subjects learned with programming
originally designed to teach simple discrimi-
nations, such as the delayed prompt proce-
dure or fading in comparison stimuli. Table
1 a through c (column 9) shows that, with a
few exceptions, these procedures were usually
effective in 300 trials or fewer (although a
number of studies did not report this infor-
mation). Thus it may be that most studies
have not included difficult-to-teach subjects.

Communication Skills

As we have noted, documentation of sub-
jects’ language ability could be an extremely
valuable addition to studies of equivalence re-
lations. Further, it would be helpful if part of
that documentation came from standard as-
sessment tools that involve direct measures of
specific behavior (i.e., not based on observer
ratings), so that comparable information
would be provided across studies. In the ex-
isting literature, however, only two studies

have given formal tests of expressive language
(Brady & McLean, 2000; Carr, Wilkinson,
Blackman, & McIlvane, 2000), so we have not
included a column for this on the table. A
formal test of receptive skills, however, was
common. The Peabody Picture Vocabulary
Test (PPVT) was given to 39 (71%) of the
subjects. The PPVT requires pointing to a pic-
ture (from among four choices) that corre-
sponds to a spoken word.

In addition to formal tests, informal re-
ports of communication skills were provided
for 35 subjects. Sources of this information
were either observations made by experi-
menters or reports by teachers or caregivers.
Because these were idiosyncratic in form, we
transcribed relevant information from the
published study directly onto the table. Of
these 35 subjects, 13 emitted complete sen-
tences, 5 emitted single words or simple
phrases, 10 communicated with nonvocal
means (i.e., signs, gestures, or augmentative
devices), 4 emitted unintelligible vocaliza-
tions, and 1 was mute.

PROCEDURES

In this section, we divide the procedures
into categories based on the nature of the
stimuli used and the likelihood that subjects
had previous experience with the stimuli.
Subject and outcome information for each
category is presented in a separate section (a,
b, and c) of Table 1. Additional information
about the procedure for each study is pre-
sented in the three Appendixes: A, B, and C;
that is, for each section of Table 1 there is a
corresponding appendix.

There were three major categories. One in-
cluded studies in which all of the stimuli were
presumably new to the subjects; for example,
Greek letters (Table 1a). The second includ-
ed studies in which stimulus classes were es-
tablished using a differential-outcomes pro-
cedure (Table 1b). Such studies are formally
distinctive in that the reinforcer becomes a
stimulus class member. In the third proce-
dural category, already established condition-
al relations involving familiar stimuli were
among the prerequisite relations for the tar-
get emergent behavior (Table 1c). Studies in-
corporating a previously established condi-
tional relation are distinctive in that they may
involve the addition of new stimuli to existing
stimulus classes. It has been suggested that
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Table 1a

Studies involving novel relations with novel stimuli.

Study and subject
Mental

retardation IQ/mental age
Other

diagnoses

Arbitrary matching
to sample

experience

Carr et al. (2000)
Exp. 2
BN (M, 13) S Autism

HF (M, 14) S Autism

de Rose,
McIlvane,
Dube, Galpin,
and Stoddard
(1988)

Exp. 3
MS (M, 31) M WAIS 46 n

DLa (M, 25) M y
Devany et al.

(1986)
Carl (M, 3-3) Mb SB/Bayley

20 mo.

Craig (M, 4-4) Sb SB/Bayley
18 mo.

Debbie (F, 2-7) Sb SB/Bayley
14 mo.

Sidman et al.
(1974)
PA (M, 18) S Down y

Sidman, Kirk, and
Willson-Morris (1985)
PM (M, 21) Sb Down

Sidman et al.
(1986)
JL (M, 19–25) Sb Down
PA (M, 19–25) Sb Down
AA (M, 19–25) Sb Hydrocephalus

Spradlin and Saunders
(1986)
Exp. 4
BJ (M, 13) Md 40

VanBiervliet (1977)
1 (M, 21) Md 48g

2 (M, 14) Md 46g

3 (M, 11) Sd 35g

4 (M, 13) Pd 16g

5 (M, 13) Sd 27g

6 (M, 17) Sd 33g
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Table 1a

(Extended)

Language skills

Peabody Pic-
ture Vocab-
ulary Test Name

Number
of trials

Test results

S T E %N

Devonshire age equivalence 5 2-0;
no speaking repertoire; imitates
animal sounds; manual signing;
severely limited listening skills

70 1 (1)

Reynell age equivalence 5 3-1;
speech mainly echoic or nonsen-
sical; sometimes completes famil-
iar sentences; functional speech
was a few stock mands

620 X X

Communicative speech with phras-
es and simple sentences

128 1 1

Single words, simple phrases 4.7 128 1 1

Complete, brief sentences when
prompted; spontaneous asking
for items, commenting on class-
room events

90 X

Vowel sounds; no functional
speech; no use of signs or
picture boards

200 X

Echolalic without comprehension;
no functional speech; no use of
signs or picture boards

360 X

Considerable oral-naming
experience

n 1 I 60

4-1 1/Ic

4 1 1/Ic 86/0c

3-1 I (1)/(I)c 33/0c

4-5 1 1/(1)c 100/0c

(1) 1

Some receptive and productive lan-
guage; names variety of objects;
answers simple questions; initi-
ates conversation

1 1 87

(same) 1 I 87
(same) 1 1 100
(same) 1 1 100
(same) 1 1 100
(same) 1 1 73

Note. Explanations and footnotes appear at the end of Table 1c.
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Table 1b

Studies training novel relations with different outcomes.

Study and subject
Mental

retardation IQ/mental age
Other

diagnoses

Arbitrary
matching
to sample

experience

Dube et al. (1987)
Exps. 1 and 2
DLa (M, 23) M

y
MC (F, 43) S Down y

Dube et al. (1989)
PNOe (M, 20) M Seizure
JDBe (M, 14) M Seizure & BD

Dube and
McIlvane
(1995)
Exp. 1
PNOe (M, 20) M Seizure y

JDBe (M, 14) M Seizure & BD y

JYT (M, 18) S y
RDP (M, 16) M BD n

Dube and
McIlvane
(1995)
Exps. 1 and 2
DGA (M, 16) Mb y
DBH (M, 21) M Autism n

LSM (M, 19) Sb Autism n
ADY (F, 13) S BD n

the addition of stimuli to already existing clas-
ses may occur more readily than the devel-
opment of classes ‘‘from scratch’’ (Dixon &
Spradlin, 1976; R. R. Saunders, Wachter, &
Spradlin, 1988).

There is a large literature on equivalence
relations beyond the studies reviewed here,
and procedures usually fit within our first cat-
egory. That is, all prerequisite conditional re-
lations are established in the laboratory. The
established relations are between stimuli that
are presumably unfamiliar to the subjects
(e.g., Greek letters). These procedures are
used to minimize effects of preexperimental

histories. In addition, in most studies involv-
ing normally capable subjects, all of the stim-
uli are visual (probably for convenience). In
much of this literature, subjects are verbally
sophisticated. Often the subjects are college
students. Studies involving individuals with
MR in which novel relations were trained
with unfamiliar stimuli are shown in Table 1a.
Note that one of these studies provided a
within-subject comparison of the develop-
ment of emergent performances with exclu-
sively visual stimuli versus classes involving
one auditory member (Sidman, Willson-Mor-
ris, & Kirk, 1986).
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Table 1b

(Extended).

Language skills

Peabody
Picture

Vocabulary
Test Name

Number
of trials

Test results

S T E %N

Answers simple questions
about daily activities

4–7 18 1 1 1 100

Follows simple spoken
instructions; speech mostly
unintelligible

2–7 28 1 1 1 100

4–1 44 1 1 1

3-8 34 1 I 1

Vineland age-equivalent
communication: 3.4

4.1 na 1

Vineland age-equivalent
communication: 5.5
Preschool Language Scale
overall age score: 4.2

3.8 na (1)

3.8 na 1

3.1 na 1

7.5 na X/1f

Test for Auditory
Comprehension of
Language age-equivalent:
3.67

3.4 na/540xf

3.1 na/360xf

Mute; Vineland age-
equivalent communication:
2.4

3.6 na 1 X/Xf

Note. Explanations and footnotes appear at the end of Table 1c.

Sidman’s seminal demonstrations of equiv-
alence relations in subjects with MR differ
from those just discussed in that they built on
at least one conditional relation that existed
preexperimentally. Studies using such proce-
dures are shown in Table 1c. The relations
that existed preexperimentally are shown in
italics in the table in Appendix C. For ex-
ample, in Sidman’s early studies, one of the
conditional discriminations that served as a
prerequisite for equivalence tests involved
spoken-word samples and picture compari-
sons. The 5 subjects in these studies demon-
strated 40–75% accuracy (in an eight-choice

task) on these relations prior to training (Sid-
man, 1971; Sidman & Cresson, 1973; Sidman,
Cresson, & Willson-Morris, 1974). In other
studies, larger existing equivalence classes
were expanded (Gast, VanBiervliet, & Sprad-
lin, 1979; Maydak, Stromer, Mackay, & Stod-
dard, 1995; McDonagh et al., 1984). For ex-
ample, before beginning the study by
McDonagh et al., the subject was able to
match coins to dictated and printed values,
and name and/or state the value of coins and
printed values. The target performances in-
volved combinations of coins; for instance,
matching two nickels to a dime.
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Table 1c

Studies involving preexisting relations.

Study and subject
Mental

retardation IQ/mental age
Other

diagnoses

Arbitrary
matching
to sample

experience

Brady and
McLean (2000)
TC (F, 33) S n

FR (M, 45) S n
VB (M, 26) S n
WB (M, 52) S n
RG (F, 30) S n

LT (F, 31) S n
BJ (M, 31) S n
BD (M, 28) S n

Carr et al. (2000)
Exp. 1
DJB (M, 19) S y

JRV (F, 15) S y

IVB (M, 21) S

Gast et al. (1979)
5 (NR, 11-1) Md WISC 50 y

Mackay (1985)
A (M, teeni) S Down y
B (M, teeni) S Down y
C (M, teeni) S Microcephaly y

Mackay and Ratti
(1990)
A (F, 72) S Leiter y
B (F, 60) S Leiter y
C (F, 49) S Leiter y

Maydak et al.
(1995)
Brad (M, 30) Mb

Mary (F, 49) Sb

McDonagh et al.
(1984)
(F, 28) M y
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Table 1c

(Extended)

Language skills

Peabody
Picture

Vocabulary
Test Name

Number
of trials

Test results

S T E %N

Produced grammatically
correct sentences, some
with embedded clauses

3–7 y 255 1 1 100

(same) 2–8 y 1377 I I 87
(same) 2–8 y 270 1 1 100
(same) 4–11 y 750 1 X 70
No speech or other symbolic

communication;
communicated with
nonsymbolic gestures

4–2 n 210 1 I

(same) 4–2 n 805 1 X
(same) 2–8 n 2140 1 1

(same) 2–8 n 4150x

EOWPVT-Rh 5 2 years 5
months; limited signing;
picture communication
board; mostly mands; no
significant oral naming
skills

2–3 ;4800 1 1 1

EOWPVT-Rh ,2 years
limited signing; mostly
mands; no significant oral
naming skills

2–3 ;240 1 1 1

EOWPVT-Rh ,2 years;
picture communication
board; mostly mands; no
significant oral naming
skill

2–1 ;960 (1) 1 1

Counts numerals y (1)

No writing y na I I 100
(same) y na 1 I 100
(same) y na I I 78

3–3 y 1 1 100
5–3 y 1 1 100
2–4 y 1 1 100

Reading level grade 2.1 7–9 (1) (1) (1) 100
Nonreader 3–6 1 1 1 93

Good receptive and
expressive oral language
skills; no reading or
writing

y 1 100
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Table 1c

(Continued)

Study and subject
Mental

retardation IQ/mental age
Other

diagnoses

Arbitrary
matching
to sample

experience

Sidman (1971)
(M, 17) Mj WAIS 49k Microcephaly y

Sidman and
Cresson (1973)
BA (M, 19) S 4-2l Down
JW (M, 18) S 4-0l Down

Sidman et al.
(1974)
JC (M, 14) S 4–11l Down y

Stromer and
Mackay (1993)
TR (F, 14) Md WISC-R 47 y
KB (M, 20) Sb y

Note. A blank cell indicates that information was not provided or tests were not given. Subject identifier is followed
by gender and age in parentheses. In the Mental Retardation column, M 5 Moderate, S 5 Severe, and P 5 Profound.
In the IQ/Mental Age column, WAIS 5 Weschler Adult Intelligence Scale; SB 5 Stanford-Binet IQ Scale; and WISC 5
Weschler Intelligence Scale for Children. In the Other Diagnoses column, Down refers to Down syndrome; BD refers
to Behavior Disorder. The Arbitrary Matching to Sample (AMTS) Experience column indicates whether subjects had
experience with AMTS procedures prior to participation (not including pretraining). Information in the Language
Skills column is a slightly abbreviated transcript of language information presented in the article. The Name column
indicates whether the subject had demonstrated naming of experimental stimuli (approximately 50% or more) prior
to any training. The number in the Number of Trials column indicates the number of trials to mastery criterion on
the first arbitrary conditional discrimination, if given, except for Brady and McLean (2000), which is the total number
of trials for six relations (the number is followed by X if the subject never met criterion). For Test Results, S 5
Symmetry, T 5 Transitivity, E 5 Equivalence, and %N indicates the percentage of naming responses consistent with
the auditory member of the class; accuracy on the last test is reported. For naming, scores on the last test for emergent
naming are reported. For symbols in Test Results: 1 designates accuracy of 90% or above, I designates intermediate
accuracy (the text indicates how this was determined), and X designates below intermediate accuracy. If symbols or
numbers are in parentheses, there was gradual emergence of terminal performance.

a Participated in Dube et al. (1987) and de Rose, McIlvane, Dube, Galpin, and Stoddard (1988).
b Level interpreted from Peabody Picture Vocabulary Test age equivalent or Standford-Binet score.
c Auditory-visual/visual-visual tests.
d Level interpreted from reported IQ.
e Participated in Dube et al. (1989) and Dube and McIlvane (1995).
f Exp. 1/Exp. 2 results. With relations involving food, ADY showed equivalence only when food was presented as

the sample.
g Based on Peabody Picture Vocabulary Test.
h Gardner Expressive One-Word Vocabulary Test-Revised.
i No age reported.
j Labeled ‘‘moderate’’ in Sidman and Cresson (1973), but labeled ‘‘severe’’ in Sidman (1971).
k As reported in Sidman and Cresson (1973).
l Stanford Binet: No numerical IQ given.

Most studies that built on preexisting rela-
tions also included one auditory stimulus,
and Table 1c shows that subjects often began
the study naming the visual stimulus to which
the auditory stimulus was related (indicated
by a ‘‘y’’ in the ‘‘Name’’ column). The pre-
vious paragraph contained an example from

Sidman’s early studies; in addition to select-
ing the picture upon hearing its name, sub-
jects named many of the pictures prior to
training. As noted previously, there is some
evidence that emergent performances are
more likely when the stimulus class has an
auditory member (Sidman et al., 1986; see
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Table 1c

(Continued, Extended)

Language skills

Peabody
Picture

Vocabulary
Test Name

Number
of trials

Test results

S T E %N

Good auditory
comprehension and picture
naming; little or no
reading comprehension or
oral reading; no writing

y I 75

y I 90
y I 65

Considerable oral-naming
experience

3–4 y 545 1 I 55

Reading beginning 3rd grade 5–11 1 1 89
Unintelligible speech 4–1 1 1

Table 2

Number of subjects according to level of mental retar-
dation, age, and gender.

Age Gender

Level of mental retardation

Moderate Severe Profound

Adult ($18 yrs)

Child (,18 yrs)

Grand total

M
F
Total

M
F
Total

6
1
7

7
1
9a

16a

17
8

25

10
3

13

38

0
0
0

1
0
1

1
a Totals include one moderate-level child missing from

the tallies because no gender was reported.

also Green, 1990). It has also been theorized
that emergent performances depend on
naming (Horne & Lowe, 1996); therefore,
experimental arrangements that make nam-
ing more likely may increase the likelihood
of emergent performances.

Our notion of adding to existing classes
may oversimplify cases in which classes that
are built on preexisting relations involve
more than three stimuli. For example, for the
subjects in Experiment 1 of Carr et al. (2000),
spoken-word-to-picture relations were entry
skills, and two new conditional discrimina-
tions were taught; one with printed-letter

samples and the pictures as comparisons and
one with arbitrary-stimuli samples and pic-
ture comparisons. The subjects had no pre-
existing relations involving either the printed
letters or the arbitrary stimuli. Thus emer-
gent relations between the printed letters and
arbitrary stimuli did not directly include a
stimulus that was in a preexisting relation (as
would be the case if the class had only three
stimuli), but they were based on the relation
of these two stimuli to the same picture.

A third way that the choice of experimental
stimuli can vary across studies might be seen
as a hybrid of the previous two examples. In
some studies, all of the prerequisite relations
were taught in the study (i.e., there was no
preexisting relation), but at least one stimu-
lus in each prospective stimulus class was an
everyday object or picture that presumably
was familiar to the subject. That is, relations
between familiar objects and novel symbols
were taught. These studies are shown in Table
1b. It turns out that the only examples of this
category involve differential outcome proce-
dures. In these, the familiar stimuli were the
reinforcers, and a different reinforcer was as-
sociated with each sample-comparison rela-
tion in a trained conditional discrimination.
There were three studies which included a
total of 10 different subjects (Dube & Mc-
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Ilvane, 1995; Dube, McIlvane, Mackay, &
Stoddard, 1987; Dube, McIlvane, Maguire,
Mackay, & Stoddard, 1989). A study by Dube
and McIlvane provides an example. The 8
subjects learned two 2-choice identity-match-
ing-to-sample problems. In each problem,
correctly selecting one stimulus produced
one type of reinforcer and correctly selecting
the other stimulus produced a different type
of reinforcer. Tests determined whether sub-
jects matched the stimuli that produced the
same outcome. For example, selection of A1
in the presence of A1 and B1 in the presence
of B1 produced one consequence, R1 (e.g.,
chocolate cookie). Selection of A2 in the
presence of A2 and B2 in the presence of B2
produced a different consequence, R2 (e.g.,
cheese cracker). In test trials, A1 and A2 were
presented as a sample with B1 or B2 as com-
parison stimuli (i.e., tests were AMTS). Class-
consistent responding was demonstrated if
subjects matched A1 and B1 or A2 and B2.

It should be noted that 3 subjects who par-
ticipated in the differential outcomes studies
participated in more than one study reviewed
here, and we show both data sets because of
significant procedural differences. The 2 sub-
jects in Dube et al. (1989) later participated
in Dube and McIlvane (1995). Both studies
involved differential outcomes, but in the for-
mer, the training initially included both iden-
tity and arbitrary relations and the arbitrary
relations that were included provided a basis
other than differential outcomes for some of the
emergent performances. This experience
may have increased the likelihood of emer-
gent performances based on differential out-
comes. In contrast, Study 1 of Dube and
McIlvane, described above, provided the min-
imal training that is theoretically necessary
for emergent relations based on differential
outcomes. The third subject who appears
twice participated in both a study involving
differential outcomes (Dube et al., 1987) and
a study that did not involve differential out-
comes (de Rose, McIlvane, Dube, Galpin, &
Stoddard, 1988).

EQUIVALENCE TEST OUTCOMES

The last four columns of Table 1a through
c show the results of tests for symmetry, tran-
sitivity, equivalence (a combined test for sym-
metry and transitivity), and emergent naming
(if tested). If, after initial positive testing, ad-

ditional conditional relations were taught and
additional tests given, we have not included
this information unless higher accuracy was
shown. The symbols in the symmetry, transi-
tivity, and equivalence columns represent ter-
minal performance on the first set of tests
(i.e., prior to any further training): 1 desig-
nates accuracy of 90% or above, I designates
intermediate accuracy, and X designates fail-
ure to demonstrate emergent relations. The
accuracy levels that led to I and X designa-
tions depended on the number of compari-
son stimuli (because the accuracy level that
represents chance performance depends on
the number of comparisons). The formula
for calculating the lower limit of I perfor-
mances was 100 plus chance divided by 2. For
example, chance on a three-choice task is
33.33%, so I performances were those be-
tween 66.67% and 90% (100 plus 33.33 divid-
ed by 2 5 66.67). We defined X performance
as that which fell below the I lower limit (e.g.,
in a three-choice task, X performance would
be ,66.67%).

In the literature reviewed here, 34 of the
55 subjects showed accuracy of above 90%
across all equivalence tests and 16 showed in-
termediate accuracy on at least one test type
(i.e., symmetry, transitivity, or equivalence).
Nine subjects did not show at least interme-
diate accuracy in one or more equivalence
tests. In some cases, subjects did not initially
demonstrate the emergent performances of
interest, but additional manipulations result-
ed in positive equivalence test outcomes (for
example, Subjects DGA and ADY in Dube &
McIlvane, 1995). Moreover, in some cases ac-
curacy increased across tests. In both of these
cases, we based our tally on terminal accura-
cy. Given the small number of subjects thus
far involved, it is not possible to draw firm
conclusions as to how subject or procedural
variables might affect equivalence test out-
comes. The review shows, however, a substan-
tial number of subjects who did not show
highly accurate performance. These data,
and speculation as to the reason for them,
may provide a basis for further analysis of the
development of emergent stimulus control.

The negative cases are of particular inter-
est. Three of the negative cases were associ-
ated with failure to establish arbitrary match-
ing. One of these subjects never received tests
for emergent performances (Subject BD in
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Brady & McLean, 2000). For two other neg-
ative cases, initial training sought emergent
relations between stimuli whose selection
produced a common outcome (i.e., a differ-
ential outcomes procedure; Dube & Mc-
Ilvane, 1995). The training prior to these tests
involved identity rather than arbitrary match-
ing, but the tests involved arbitrary matching.
With these procedures, 4 of 8 subjects did not
initially show emergent arbitrary matching
based on differential-outcomes procedures.
In a follow-up study that used the more usual
arbitrary matching procedures, 2 of these
subjects did not acquire arbitrary matching
and are included in our total for negative out-
comes (the other 2 learned arbitrary match-
ing and showed positive test outcomes). It is
possible that the initial test failures by 4 sub-
jects, and subsequent failure to teach arbi-
trary matching to 2 of these, was due to the
subjects’ experimental history of reinforce-
ment for identity matching. Stimulus control
by physical identity may have competed with
the demonstration of equivalence relations
and with follow-up attempts to train arbitrary
matching.

The other six failures, of the nine found in
this review, did not demonstrate equivalence
despite learning the arbitrary matching base-
line. These six failures included subjects in
three studies: Devany, Hayes, and Nelson
(1986); Carr et al. (2000); and Brady and Mc-
Lean (2000). Devany et al. showed negative
outcomes on an equivalence test for three
preschoolers with MR, two of whom were
judged to be nonverbal. Aspects of Devany et
al.’s methods, however, have led some to
question whether these negative outcomes
are convincing (McIlvane & Dube, 1996; K. J.
Saunders & Spradlin, 1996). The accuracy cri-
terion for beginning testing was not stringent,
and the testing duration was brief relative to
the number of sessions required for baseline
acquisition. Thus the subjects had far more
experience with responding incorrectly than
correctly. Further, unlike almost all other
studies, they discontinued exposure to the
baseline trials once testing began. Thus it is
unknown whether the prerequisite relations,
which were necessary for positive test out-
comes, were maintained at high accuracy. A
more convincing negative outcome would
have shown a discrepancy between highly ac-
curate baseline performance and inaccurate

probe trial performance. (See Carr et al. for
an excellent discussion of the status of De-
vany et al. in the literature.)

Two subjects in Brady and McLean (2000)
showed symmetry, but not transitivity. The lat-
ter study apparently discontinued exposure
to the baseline trials once testing began, and
presented only one 30-trial test each for sym-
metry and transitivity. Thus these negative
outcomes are also inconclusive.

Finally, 1 subject in Carr et al. (2000)
passed neither a test for symmetry nor a test
for equivalence (a combined test), despite
showing high accuracy on the baseline rela-
tions throughout testing. Follow-up testing
showed that this subject had intermediate-to-
chance accuracy on tests for sample-S1 and
sample-S2 control. In sample-S1 control
tests, the incorrect comparison is replaced
with a novel form. High accuracy indicates a
strong relation between the sample and the
correct comparison (S1); responding does
not depend on control by a specific incorrect
comparison. In sample-S2 tests, the correct
comparison is replaced with a novel form.
High accuracy shows control by exclusion of
the incorrect comparison (S2) in the pres-
ence of that sample. Carr et al., note that the
3 other subjects had previously shown high
accuracy on such tests (as part of another
study), and all 3 showed highly accurate sam-
ple-S1 and S2 control. Thus these tests show
promise as a tool with which to analyze the
prerequisite skills for positive test outcomes.
McIlvane, Serna, Dube, and Stromer (2000)
have proposed that negative outcomes on
equivalence tests may often be due to a fail-
ure to establish the experimenter-intended
baseline relations, and this example appears
to be a case in point. It is important to em-
phasize that this failure can occur even
though accuracy is 100%. O’Donnell and
Saunders (1998) reported an example. The
subject showed near perfect accuracy under
a two-choice, visual-visual MTS procedure.
Tests for sample-S1 and sample-S2 control
showed that he had learned only one of the
two potential sample-S1 relations. When the
second sample was presented, his selection
reflected exclusion of the comparison that
was correct in the presence of the first.

In summary, five of the negative outcomes
involved extremely brief testing periods and
discontinuation of the prerequisite baseline
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trials once testing began, making the out-
comes inconclusive. Three of the negative
outcomes involved failures to establish arbi-
trary matching. Finally, additional stimulus
control analysis of one negative outcome
showed that strong sample-S1 and sample-S2
relations had not been established.

In addition to the failures, it is important
to note that 16 subjects showed intermediate
accuracy (defined as accuracy below 90% but
at least 1.5 times chance levels) on at least
one test. Thus test performance involved a
mixture of stimulus control relations, includ-
ing relations not indicative of equivalence.
Five of these, for example, involved subjects
in Sidman’s earliest studies, who showed in-
termediate accuracy in their final equivalence
test (Sidman, 1971; Sidman & Cresson, 1973;
Sidman et al., 1974). There were 20 different
stimulus classes in these studies, and, as with
some of the failure outcomes, only one test
was presented after the prerequisites for all
were taught. As in the failures discussed
above, additional testing combined with ex-
posure to the baseline might have resulted in
the expected emergent performances. Such
‘‘gradual emergence’’ has been reported in
studies that present tests multiple times (e.g.,
Spradlin, Cotter, & Baxley, 1973). Another
feature of these particular studies that may
have directly contributed to the ‘‘error’’ stim-
ulus control relations is that the 20 baseline
relations were taught gradually, whereas all
potential emergent relations were tested pe-
riodically. Thus some potential emergent re-
lations were tested both before and after their
prerequisites were taught. It is possible that
testing before prerequisites were taught es-
tablished stimulus control that remained
when the same tests were presented after the
relevant training, competing with class-consis-
tent responding. These papers do not de-
scribe the stimulus control shown on error
trials, however, so this remains conjecture, al-
beit testable.

DISCUSSION

In 30 years of research on equivalence re-
lations, there have been a number of impor-
tant demonstrations. Many of these demon-
strations have involved subjects with MR. The
study of such individuals has the potential to
make contributions of both a theoretical and
practical nature. This review shows, however,

that in some ways the work has just begun.
Despite the fact that the seminal studies in
the area involved subjects with MR (i.e., Sid-
man, 1971; Spradlin et al., 1973), to date pub-
lished reports over these 30 years have in-
volved only 55 different subjects with
moderate, severe, or profound MR. Because
the literature is small and involves a range of
subjects and procedures, the goal of this re-
view is to provide a means of beginning to
systematize this literature, and to point out
areas in which the literature could be
strengthened. In addition, the literature is be-
ginning to provide data that address the the-
oretical and practical issues raised in the in-
troduction.

Perhaps the most important theoretical is-
sue in this research area as a whole (i.e., not
specific to the population covered here) is
that of whether equivalence test performanc-
es are mediated by language. Horne and
Lowe (1996) have argued that equivalence
performances depend on a history of learn-
ing to name, with the naming brought to
bear on equivalence tests. When studies build
on existing conditional relations that include
a stimulus that the subject can name (e.g.,
Sidman, 1971), it is difficult to rule out this
sort of verbal mediation in individuals with
naming skills. Studies that show apparently
nonexistent or demonstrably inconsistent
naming (e.g., Sidman et al., 1986) provide
some evidence against naming hypotheses.
Studies with nonverbal individuals (along
with animal studies), however, rule out me-
diation by naming, and lend credence to
Sidman’s notion that these emergent perfor-
mances do not depend on a language-learn-
ing history. To date, there are only three pub-
lished studies that have explicitly examined
equivalence performance in individuals with
extremely limited verbal repertoires. One
study reported failure on equivalence tests
(Devany et al., 1986), one reported positive
results in 4 of 5 subjects (Carr et al., 2000),
and one reported positive results in 2 of 4
subjects (Brady & McLean, 2000). A few oth-
er studies included a subject whose verbal
skills appear to have been limited, but the de-
scription of the subjects’ verbal skills was lack-
ing.

Data thus far suggest that equivalence per-
formances do not depend on naming, but
there are few relevant studies. In essence, the
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only human studies that support this conclu-
sion are Brady and McLean (2000) and Carr
et al. (2000). (Importantly, these are supple-
mented by demonstrations of equivalence in
2 sea lions [Kastak, Schusterman, & Kastak,
2001; Schusterman & Kastak, 1993].) More-
over, the Brady and McLean study was con-
ducted with tabletop procedures in which an
experimenter and the subject sat across from
each other. Experimenter cuing is a risk in
this arrangement. Steps were taken to dimin-
ish this possibility; the experimenter was told
to look at the subject’s face while selection
was occurring, and the first author periodi-
cally watched sessions through a one-way mir-
ror. Although no cuing was observed, any
doubt would be eliminated by removing the
experimenter from the subject’s view and/or
having a mechanically transduced response.

The Carr et al. (2000) study used comput-
erized procedures for 3 of the 4 subjects who
showed positive outcomes. One proviso, how-
ever, is that details as to the method of rein-
forcer delivery are not mentioned. Many
studies from this laboratory involve experi-
menter-delivered reinforcers and note that
the experimenter sat behind and to the side
of the subject to avoid cuing. Such a proce-
dure would diminish the possibility of cuing
relative to a face-to-face tabletop procedure.

These sea lion and human studies provide
important evidence, but the question re-
quires additional work. Given the extreme
practical and theoretical importance of stud-
ies of individuals with MR and language lim-
itations, why have there been so few studies?
The primary reason may be that this is slow
and technically demanding work (also noted
in Carr et al., 2000). One major roadblock is
that it is difficult to establish arbitrary match-
ing performances in such individuals. Unfor-
tunately, this difficulty has generally not been
documented in the equivalence literature it-
self. It has, however, inspired a parallel body
of work by laboratories involved in the study
of stimulus control processes in individuals
with MR (McIlvane, Dube, Kledaras, Iennaco,
& Stoddard, 1990; K. J. Saunders & Spradlin,
1989, 1990, 1993; Zygmont et al., 1992). Dif-
ficulties establishing arbitrary matching have
almost certainly impeded research on equiv-
alence relations in individuals with MR.

These arbitrary matching difficulties also
raise the issue of whether the subjects that

have been studied are representative (also
noted by Dube & McIlvane, 1995). It is pos-
sible that implicit screening may have oc-
curred. That is, subjects may have been se-
lected on the basis of known arbitrary
matching abilities, or excluded (and their ex-
clusion not reported) when they did not
readily learn arbitrary matching (because it
did not matter in answering the particular
question posed in the study). Implicit screen-
ing seems possible for two reasons. The first,
noted above, is that recent reports have
brought to light difficulties in establishing ar-
bitrary matching in this population, yet these
difficulties are not represented in the pub-
lished literature on equivalence relations. In
general, the subjects in published studies
readily acquired AMTS with relatively crude
teaching procedures.

Second, when studies have explicitly re-
ported AMTS training failures, the failure
rate is fairly high. In addition to the previ-
ously mentioned studies, some studies with
higher functioning subjects have reported
failures. In Spradlin and Saunders (1986), 5
of 12 individuals did not learn AMTS; the
functioning level of these individuals was not
reported, but the majority of the other sub-
jects in the study had mild MR. In Dube and
McIlvane (1995), 2 of 4 subjects who success-
fully completed Experiment 1, which did not
require AMTS, did not learn the basic AMTS
task in Experiment 2. These two studies,
along with several observations in other sub-
ject populations, suggest that this may be the
tip of the iceberg. For example, Stromer and
Osborne (1982) discontinued 9 of 22 subjects
who did not achieve 90% accuracy on a con-
ditional discrimination within 150 trials. Al-
though this was not a lengthy training expo-
sure, these were higher functioning subjects
than are the focus of this review. In addition,
work with young, developmentally normal
children has also shown acquisition difficul-
ties (Augustson & Dougher, 1991; Pilgrim,
Jackson, & Galizio, 2000). In the present
group of studies, however, only three teach-
ing failures were reported (two in Dube &
McIlvane and one in Brady & McLean, 2000).

The subject representativeness question
suggests at least two courses of action: in-
creased study of difficult-to-teach subjects and
better documentation of subject selection
procedures and skill levels. It is rare in this
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literature for subject selection procedures to
be reported.

To increase the number of individuals with
severe MR in whom emergent stimulus con-
trol can be studied, two relatively new pro-
cedures have been designed specifically to es-
tablish AMTS in this population: K. J.
Saunders and Spradlin’s (1990, 1993) com-
ponent training procedure, and Zygmont et
al.’s (1992) sample-shaping procedure. These
procedures have established AMTS with in-
dividuals for whom trial-and-error proce-
dures, or relatively crude instructional pro-
gramming, have failed. Thus this area of
research is poised to be extended to a greater
number of subjects with severe language lim-
itations. This will allow greater assurance that
subjects with a range of preexisting capabili-
ties are represented.

Along with the increased study of language-
limited subjects, we strongly recommend that
future studies provide better documentation
of subjects’ language capabilities. Standard-
ized, replicable procedures for describing
language skills would be the ideal. Standard-
ized descriptions would facilitate the compar-
ison of results across studies as well as the ac-
cumulation of sufficient data on which to
base judgments of generality. It is a healthy
sign that the majority of the studies reviewed
here used a common measure of receptive
language—the PPVT. Because the PPVT is a
single-word test, it would be desirable to add
measures of phrase and/or sentence compre-
hension, using, for example, the Test for Au-
ditory Comprehension of Language (Carrow-
Woolfolk, 1985).

Descriptions of expressive language have
been extremely limited. Only two studies,
Brady and McLean (2000) and Carr et al.
(2000), have included standardized tests of
expressive language. Another study, Devany
et al. (1986), categorized subjects in terms of
whether or not they had functional speech or
sign skills. Three observers, who made this
judgment independently, were in agreement
as to each subject’s status. Nonetheless, there
is no information on the conditions under
which subjects were observed, so the obser-
vation procedures cannot be replicated. A
test that is appropriate for this purpose is the
Expressive One-Word Vocabulary Test (Gard-
ner, 1990). This test presents a series of pic-
tures that the subject is required to name. (It

would be appropriate to allow signing as a
response mode with such tests.) Carr et al.
used this test for some subjects.

Brady and McLean (2000) used an inno-
vative way of characterizing the behavior of
language-limited subjects. Their test used an-
alogue situations to assess rudimentary mand-
ing (requesting) and tacting (calling another
person’s attention to an unusual occurrence
in the immediate environment). For exam-
ple, the subject was put into a situation in
which a tool needed for a particular task was
missing, thus evoking a request (mand). In
the rudimentary tacting analogue, an unusu-
al item or event was scripted, and a trained
observer noted whether or not the individual
called his or her attention to the item or
event. For example, a plastic alligator was
dangled above the observer’s head and, im-
portantly, out of the observer’s field of view.
It is important to note that responses conven-
tionally classified as nonverbal would be clas-
sified here solely in terms of their apparent
function. For example, the subject might
pound on the table and point to the dangling
alligator until the experimenter oriented to-
ward it. In Brady and McLean, 2 of 4 subjects
who did not speak or sign, but who showed
such rudimentary tacting, demonstrated sym-
metry and transitivity.

In a survey of the language skills of 28 in-
dividuals with profound MR, Brady, McLean,
McLean, and Johnston (1995) found only 1
subject who did not mand, but 10 subjects did
not show rudimentary tacting. Given that the
floor skill for the most commonly used stan-
dardized, direct measures of subjects’ expres-
sive language is naming, continued develop-
ment of these testing procedures could fill an
important gap in our characterization of the
verbal abilities of individuals with severe and
profound MR. It is interesting to consider
whether individuals whose verbal repertoires
are limited to mands would perform differ-
ently than those with rudimentary tacting
repertoires on tests for emergent stimulus
control. No study has yet addressed this ques-
tion. Recent improvements in establishing ar-
bitrary matching, along with improvements
in documenting subjects’ verbal repertoires,
may increase the likelihood of thoroughly in-
vestigating this question.

In addition to bearing on theoretical is-
sues, studies of verbally limited individuals
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could have immensely practical implications.
For example, equivalence tests could be used
as tests for the comprehension of symbols
that are learned as part of an augmentative
communication system. Ironically, despite the
prominent notion that the definition of
equivalence relations captures a fundamental
feature of symbol-referent relations, there
have been few studies in which subjects were
taught relations involving a previously un-
named object in their natural environment.
Such work would be directly applicable to in-
dividuals whose language delays involve com-
prehension difficulties.

A study by Brady and McLean (2000) shows
this potential. They presented a set of tests
that incorporated thematic classes that had
formed prior to the experiment. (We have
not shown the outcome of these tests on the
table; the subjects also received basic equiva-
lence tests, the outcome of which are shown
on the table.) Example thematic classes in-
cluded shoe and sock, and spoon and bowl.
The subjects learned to select a different sym-
bol in the presence of each of six objects.
Tests then determined whether the subjects
also matched, for example, the symbol for the
shoe and the symbol for the sock.

Practical matters would also be addressed
by further analyses of failures to demonstrate
positive test outcomes (see McIlvane et al.,
2000). These analyses would inform the de-
velopment of improved teaching procedures.
For example, O’Donnell and Saunders
(1998) demonstrated that a subject who was
highly accurate on a two-choice AMTS prob-
lem had actually learned only one of the sam-
ple-choice relations and rejected that choice
when the other sample was present. Because
this exclusion strategy inadvertently resulted
in selecting the correct choice, accuracy was
high. It is noteworthy that all subjects in Carr
et al. (2000) received similar tests to charac-
terize the nature of the taught arbitrary
matching performance. Of the 5 subjects, the
one who showed deficits on these tests also
did not show high accuracy on the equiva-
lence tests. Matching-to-sample teaching pro-
cedures are already widely used in teaching
individuals with MR and severe language lim-
itations. Procedures that ensure that all sam-
ple-choice relations have been learned would
enhance the viability of MTS and equivalence

procedures for teaching individuals with lim-
ited language.

While on the topic of teaching procedures,
it is worth noting that all of the reported fail-
ures to demonstrate equivalence in subjects
who have mastered the prerequisite relations
have involved tabletop testing procedures.
Moreover, most of these have involved a brief
testing phase that did not integrate review of
the prerequisite conditional relations (i.e., in
Devany et al., 1986, and Brady & McLean,
2000). Either or both of these features may
have played a role in the negative outcomes.
Tabletop training and testing, for example,
may increase the likelihood that responding
is based on features other than those desired
by the experimenter (see McIlvane et al.,
2000), such as subtle experimenter cuing (K.
J. Saunders & Williams, 1998).

Although this review has focused primarily
on language abilities, it is worth noting that
a number of other subject characteristics may
affect equivalence-test performance. Of
course, targeted studies would be required to
determine effects of additional factors, but it
would seem worthwhile (and require little ef-
fort) to include potentially important infor-
mation in each published report. For exam-
ple, there is evidence that psychoactive
medications can affect discrimination learn-
ing (Williams & Saunders, 1997). Almost
none of the published studies reported
whether or not subjects were being treated
with psychoactive medications, although a siz-
able proportion of individuals with MR are
undergoing such treatment. Would psycho-
active medications affect the likelihood of
emergent stimulus control? It is interesting to
consider the use of equivalence tests as de-
pendent measures in studies of medication
effects.

Equivalence tests conceivably might be sen-
sitive to different diagnoses within develop-
mental disabilities. Would equivalence test
outcomes differentiate children with autism,
for example, given the language difficulties
associated with this disorder? In the literature
covered by this review, only 4 subjects were
documented to have autism. Another ques-
tion related to diagnosis is that a large pro-
portion of the subjects in these studies have
Down syndrome. Would the findings of the
literature as a whole differ with a broader
range of diagnoses?
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In summary, the study of equivalence re-
lations in individuals with moderate, severe,
and profound MR holds both practical and
theoretical importance. The existing research
suggests that positive equivalence test out-
comes can be shown in individuals with ex-
treme verbal limitations. Difficulties in teach-
ing arbitrary matching have slowed research
in this area. In the last decade or so, however,
great progress has been made in applying
analyses of arbitrary matching performance
to develop reliable teaching procedures.
Thus this research area is poised for further
productive study of individuals with MR and
language limitations.
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APPENDIX A

Methods for studies training novel relations with novel stimuli.

Author

Arbitrary matching to sample training

Auditory Visual Visual Other Comparisons Method

Carr et al. (2000)
Exp. 2

A
A

B
C

2 TE

de Rose, McIlvane,
Dube, Galpin
and Stoddard
(1988)
Exp. 3

A
B
D

B
C1

B

2 DP (point)

Devany et al. (1986) A
A

B
C

2 TE
w/prompt1

Sidman et al. (1974)
PA

name UC1

UC
LC

LC2

UC

6 TE

Sidman et al. (1985)
Exp. 1

A
A

D
D
B
C
E

E
F

C

3 TE

Sidman et al. (1986)1 A
A

B
C
D
D

E
F

3 TE2

Spradlin and
Saunders (1986)
Exp. 4

A
B
C
D

E
E
E
E

2 instruction

VanBiervliet (1977)
B

A C1

C1
5 TE2

Note. Training and testing conditions are listed for all subjects (S). If individual subjects had different training or
testing conditions, these conditions are either noted in the Notes column or listed separately. Relations are listed in
the order in which they were trained; uppercase letters designate arbitrary stimuli. Entries in the Comparisons column
represent number of comparisons presented on each trial. For the Method column, TE 5 Trial and Error, DP 5
Delayed Prompt. Reinforcement Conditions are listed for test (T) and baseline (B) trials (ext 5 extinction, int 5 inter-
mittent, diff 5 differential reinforcement, mix 5 baseline trials interspersed with test trials, mass 5 baseline trials
reviewed during testing but massed in different blocks or sessions than probe trials, no 5 only test trials were
presented once testing began).
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APPENDIX A

(Extended)

Arbitrary matching to sample testing

Reinforcement
conditions

Relations tested

Symmetry Transitivity Equivalence Naming Notes

T-ext
B-mix, int

BA
CA BC, CB

tabletop; 1 S had modified training
with blank comparison trials

T-ext
B-mix, int CB1

BD
AC1

AD
1 tabletop for Subject MS only

T-ext1
B-no CA

tabletop
1 intermittent for on-task

T-diff
B-mass, diff

name-LC UC, LC 1 UC 5 upper case letter
2 LC 5 lower case letter

T-ext
B-mix, int

CE

FE

BC, CB
EB

results are reported for single-node
tests only

T-ext
B-mix, int ED

FD

BC, CB

EF, FE

B, C

D, E, F

1 relations were trained in a different
order for each S

2 learned 2-choice before 3-choice
task

T-ext
B-mix, diff

EA
EB
EC
ED

AB, BC,
CD, AC,
BD, AD1

1 and the reverse; not clear whether
all possible trials presented

T-ext3
B-no

CA
BA A, C

1 nonsense-sign production (not ASL)
2 correction: response modeled
3 praise for on-task
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APPENDIX B

Methods for studies using differential outcomes procedures.

Author

Arbitrary matching to sample training

Auditory Visual Visual Other Comparisons Methods

Dube et al. (1987)
Exp. 1

A

B
C
SR

B
B

B
C
SR

C

SR

SR

SR

SR

SR

2 TE

DP

Exp. 2 D D SR 2 TE

Dube et al. (1989) A
B
C
D
A
B

A
B
C
D
B
C

SR

SR

SR

SR

SR

SR

2 TE

DP/fade1

Dube and McIlvane
(1995)
Exp. 1

A
B

A
B

SR

SR
2 TE

Exp. 21 A

B2

C
A
D

B

A
C3

C3

D3

SR 2 DP, fading,
sample
shaping

TE

Note. Training and testing conditions are listed for all subjects (S). If individual subjects had different training or
testing conditions, these conditions are either noted in the Notes column or listed separately. Relations are listed in
the order in which they were trained; uppercase letters designate arbitrary stimuli. SR in the Other column represents
outcome-specific reinforcement contingencies in which the reinforcer was food. Entries in the Comparisons column
represent the number of comparisons presented on each trial. For the Method column, TE 5 Trial and Error, DP 5
Delayed Prompt. Reinforcement Conditions are listed for test (T) and baseline (B) trials (ext 5 extinction, int 5 inter-
mittent, mix 5 baseline trials interspersed with test trials).
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APPENDIX B

(Extended)

Arbitrary matching to sample testing

Reinforce-
ment

conditions

Relations tested

Symmetry Transitivity Equivalence Naming Notes

T-ext
B-mix, int

CB
SRB, SRC

AC SRA

SR 5 two different foods

T-ext
B-mix, int

DB1, DC1,
AD

1 these tests reversed for 1 subject

T-ext
B-mix, int

BA
CB AC

CA2, BD,
DB, AD,
DA, CD,
DC

1 DP for S-PN; fade for S-JDP
2 not based on common reinforcer

T-ext
B-mix, int

AB, BA

T-ext

B-mix, int

BA

AC, CA2

BC, CB3

AD, DA,
BD, CD,
DC, SRA2

1 follow-up study with 4 Ss who did
not show equivalence in Exp. 1

2 for S-ADY only
3 for S-ADY only; not based on

stimulus-reinforcer relations
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APPENDIX C

Methods for studies involving preexisting relations.

Author

Arbitrary matching to sample training

Auditory Visual Visual Other Comparisons Method

Brady and McLean
(2000)

name object

object
object
A

name1

32 TE3, blocked trials
for some S

Carr et al. (2000)
Exp. 1

name picture
letter

D

picture

picture

3 sample
shaping

Gast et al. (1979)

name

name

quantity
numeral
word
name1

word
name3

numeral
quantity

3 gradual addition of
two S22

Mackay (1985) name color
color word1

6
prompt

Mackay and Ratti
(1990)

name numeral

location1 numeral 9 exclusion
Maydak et al. (1995)

name
name

numeral
quantity
quantity
numeral

B

quantity
numeral

quantity
A

numeral

sequence1

sequence

McDonagh et al.
(1984)
Exp. 1a

price
N
5P1

price

N1

price
price
5P

2 DP

Sidman (1971) name
name

picture
word

81

81 TE2

Sidman and Cresson
(1973) name

name
picture1

word
82

82 TE3

Sidman et al. (1974)
(Subject JC)

name picture1

picture word
82

82
TE3

Stromer and Mackay
(1993)1

name1
name2

picture1
picture1

word12

word22
TE3

Note. Training and testing conditions are listed for all subjects (S). If individual subjects had different training or testing
conditions, these conditions are either noted in the Notes column or listed separately. Relations are listed in the order in
which they were trained; pre-existing relations are italicized; uppercase letters designate arbitrary stimuli. Entries in the
Comparisons column represent the number of comparisons presented on each trial. For the Method column, TE 5 Trial and
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APPENDIX C

(Extended)

Arbitrary matching to sample testing

Reinforce-
ment

conditions

Relations tested

Symmetry Transitivity Equivalence Naming Notes

T-ext
B-no

A-object name-A A1

1 only for S who spoke
(4 of 8);

2 six classes;
3 tabletop

T-int1
B-mix, int

picture-letter

picture-D

name-letter

name-D letter-D
D-letter

1 ext on first two test
trials; reinforcement
on two of last four
trials

T4

B-mix, diff
name-quantity
name-numeral
same as Set 2

1 Set 2: two, four, six
2 prompt and correction

for incorrects;
included sign
production

3 Set 1: one, three, five
4 not reported

T-diff
B-no

word-color name-word word
1 constructed spelling

T-ext
B-no location-numeral name-location location

1 location in a 3 3 3
matrix

T-diff
B-no

numeral-B

numeral-sequence
A-quantity
A-numeral

B-quantity

quantity-A
numeral-A
name-A
quantity-B
name-B

quantity
numeral-A

quantity
numeral-B

1 sequencing: order 5
stimuli

T-ext
B-mix2 N-5P

5P-N
all

1 P 5 penny; N 5
nickel

2 reinforcement
conditions not given

T-diff
B-mass, diff picture-word,

word-picture
word

1 20 classes
2 with correction

T-diff
B-mass, diff picture-word,

word-picture
word

1 pretest .80%;
trained to 100%

2 20 classes
3 several training

variations
T-diff
B-mass, diff word-picture name-word word

1 pretest 70%; trained
to 95%

2 20 classes
3 correction when

needed

T-ext
B-mix, ext4

name1-word2
name2-word1

word1-word2 word1, word2,
picture1

1 procedure simplified
for clarity

2 visual stimuli
presented as
complex stimuli

3 included constructed
spelling

4 1 cent/correct after
session

Note (Continued). Error, DP 5 Delayed Prompt. Reinforcement Conditions are listed for test (T) and baseline (B) trials (ext 5
extinction, int 5 intermittent, diff 5 differential reinforcement, mix 5 baseline trials interspersed with test trials, mass 5
baseline trials reviewed during testing but massed in different blocks or sessions than probe trials, no 5 only test trials were
presented once testing began.


