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In Experiment 1, four developmentally delayed adolescents were taught an A-B matching-
to-sample task with nonidentical stimuli: given Sample Al, select Comparison Bl; given A2,
select B2. During nonreinforced test trials, appropriate matching occurred when B stimuli
appeared as samples and A stimuli as comparisons, i.e., the sample and comparison func-
tions were symmetrical (B-A matching). During A-B or B-A matching test trials in which
familiar samples and correct comparisons were presented along with novel comparisons, the
subjects selected the correct comparisons. In tests with familiar samples and both incorrect
and novel comparisons, subjects selected the novel comparisons, demonstrating control by
both positive ("matching") and negative ("nonmatching") stimulus relations in A-B and
B-A arrays. In Experiment 2, 12 developmentally delayed subjects were taught a two-stage
arbitrary-matching task (e.g., A-B, C-B matching). Test sessions showed sample-comparison
symmetry (e.g., B-A, B-C matching) and derived sample-comparison relations (e.g., A-C, C-A
matching) for 11 subjects. These subjects also demonstrated control by positive and negative
stimulus relations in the derived relations.
Key words: matching-to-sample, stimulus equivalence, stimulus classes, stimulus control,

window press, developmentally delayed humans

In arbitrary ("symbolic" or "nonidentity")
matching-to-sample, subjects are taught to
match a sample stimulus to an arbitrarily
designated (nonidentical) comparison stimulus
(cf., Cumming & Berryman, 1965; Sidman,
Rauzin, Lazar, Cunningham, Tailby, & Carri-
gan, 1982; Sidman & Tailby, 1982). Consider
an arbitrary-matching task involving four
stimuli: trials begin with a sample stimulus,
Al or A2, displayed on the center one of three
windows. When the subject touches the sam-
ple, two side windows illuminate with Com-
parisons Bi and B2. In the presence of Al,
touching B1 is reinforced, whereas when A2 is
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the sample, touching B2 is reinforced. In
symbolic notation (Berryman, Cumming, Co-
hen, & Johnson, 1965; Cumming & Berryman,
1961; Cumming, Berryman, & Cohen, 1965),
A-B training may be denoted: Al(B2, B1),
A2(BI, B2*), where samples are designated
outside the parentheses, comparisons within,
and the asterisk marks the correct comparison
(left-right position of the comparisons across
trials is irrelevant).
The major aim of this study was to ascertain

the sample-comparison relations that control
arbitrary matching. Matching performance
may be controlled by either or both of two
relations between samples and comparisons.
These two relations are the positive relation
between samples and correct (S+) compari-
sons, and the negative relation between sam-
ples and incorrect (S-) comparisons (Berry-
man et al., 1965; Carter & Werner, 1978;
Cumming & Berryman, 1961). The controlling
relation must be inferred from a subject's sys-
tematic selection when faced with arrays that
include novel stimuli. For example, following
A-B training, control of the subject's com-
parison selections by the sample-S+ relation is
demonstrated if, on test trials (nonreinforced)
of the type Al(N1, Bl), A2(N2, B2), a subject
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continues to select the appropriate B compari-
sons and not the novel comparisons. Compari-
son selections under the control of the sample-
S- relation would be tested during test trials
of the type Al(B2, NI), A2(B1, N2). Control
by the sample-S- relation predicts avoidance
of S- and selection of the novel comparisons,
NI orN2.
Experiment 1 studied whether control by

these two sample-comparison relations de-

scribes the A-B matching performance of de-
velopmentally delayed humans, as well as their

performance on symmetrical B-A matching.
Symmetry was tested by presenting the origi-
nally trained comparisons as samples and the
trained samples as comparisons (Sidman et al.,
1982). If sample and comparison functions are

symmetrical, subjects should select Al, given
test trials BI(A2, Al), and A2 given B2(Al,
A2). Symmetry was recently demonstrated with
young children (Sidman et al., 1982), but the
question of control by sample-S+ and sample-
S- relations in B-A performance remains

open.
In Experiment 2, the analysis of control by

sample-S+ and sample-S- relations was ex-

tended to derived matching performances, fol-
lowing training on three two-stage arbitrary-
matching tasks (e.g., Lazar, 1977; Sidman,
1971; Sidman & Cresson, 1973; Sidman, Cres-
son, & Willson-Morris, 1974; Spradlin, Cotter,
& Baxley, 1973). Some subjects were trained on
an A-B, C-B sequence, then tested for control
by the derived relations A-C and C-A. Derived
control might develop on the basis of Samples
A and C having a common relation with B
comparisons. Other subjects received training
on an A-B, A-C task and were then tested for
derived relations B-C and C-B. These derived
relations might develop because of the com-

mon relation between B and C comparisons
and A samples. And finally, some subjects were
taught A-B, B-C matching, then tested for de-
rived A-C and C-A relations. Would derived
sample-S+ and sample-S- relations control
selections in derived A-C and C-A, or B-C
and C-B arrays?
A determination of these controlling rela-

tions has important theoretical implications.
The matching performance of pigeons seems

to be controlled by unidirectional sample-S+
relations, as suggested by the failure to per-

form correctly on tests of sample-comparison

symmetry and on generalized identity-match-
ing and oddity trials (Carter & Werner, 1978;
Gray, 1966; Hogan 8c Zentall, 1977; Rodewald,
1974). Nonhuman primates also fail to show
sample-comparison symmetry under similar
training and testing conditions (Sidman et al.,
1982). It has been suggested that such failures
of generalization and symmetry may indicate a

lack of control over comparison selection by
the relation between samples and S- com-
parisons (Berryman et al., 1965; Carter &
Werner, 1978; Cumming & Berryman, 1961;
Urcuioli, 1977; Urcuioli & Nevin, 1975). In
contrast, the generalized identity-matching
and oddity performance of humans (Levin &
Maurer, 1969; Saunders, 1973; Scott, 1964;
Sherman, Saunders, & Brigham, 1970) appears
indicative of control by both the relation be-
tween samples and S+ comparisons and the
relation between samples and S- comparisons.
The aptness of this analysis is strengthened by
a recent demonstration of sample-S- control
by children performing identity matching
(Dixon & Dixon, 1978). And the complex per-
formance of humans on arbitrary-matching
tasks suggests that something more than sam-
ple-S+ relations is learned (Dixon, 1978;
Dixon & Spradlin, 1976; Lazar, 1977; Sidman,
1971; Sidman & Cresson, 1973; Sidman et al.,
1974; Sidman et al., 1982; Sidman & Tailby,
1982; Spradlin et al., 1973; Spradlin & Dixon,
1976). Control by the sample-S- relation
might be a general characteristic of human
matching-to-sample that holds for arbitrary
matching as well.

EXPERIMENT 1
STIMULUS RELATIONS

CONTROLLING A-B AND B-A
MATCHING-TO-SAMPLE

This experiment assessed the extent to
which the relations between sample and cor-
rect and incorrect comparisons controlled per-
formance of arbitrary A-B and B-A matching.
If the sample-S+ relation controls, subjects
presented with novel comparisons along with
familiar samples and S+ comparisons should
select the S+ comparisons. And if the sample-
S- relation controls, subjects should select
the novel stimuli on test trials with novel
comparisons along with familiar samples and
S- comparisons.
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Table 1

Subject characteristics: Chronological ages and durations of residency are expressed in
years-months. Intelligence quotients were determined by either the Wechsler Intelligence
Scale for Children (WISC) or the Wechsler Adult Intelligence Scale (WAIS).

Length of
Subject CA IQ Residency Etiology

ED 13-0 67 WISC 1-4 Postnatal Injury
DW 16-5 78 WAIS 0-10 Unknown
JT 15-5 58 WISC 7-4 Psycho-Social Disadvantage
JL 15-6 65 WISC 6-0 Psycho-Social Disadvantage
MP 18-0 52 WAIS" 9-1 Unknown
JK 15-3 85 WISC 1-0 Unknown
LE 18-11 80 WAIS 2-0 Unknown
JC 15-5 70 WISC 0-11 Psycho-Social Disadvantage
LM 15-3 50 WISC 1-7 Unknown
NO 15-7 71 WISC 0-9 Unknown
LH 15-7 64 WISC 6-5 Unknown
AP 16-5 72 WAIS 7-5 Unknown
GC 15-9 61 WAIS 1-9 Unknown

aIQ determination based on Nonverbal Scale only.

METHOD
Subjects
The subjects were four adolescent male resi-

dents of a state hospital-and-training facility;
all were unfamiliar with the present experi-
mental procedures. They were chosen on the
basis of availability, willingness to participate,
and performance on a preliminary A-B match-
ing task. Six candidates received 150 A-B trials
under the training conditions described later.
The stimuli were the same as those used by
Dixon and Dixon (1978) and were not used
again after screening. Four residents (ED, DW,
JT, and JL) were included in the study who
achieved 90 to 100% accuracy during Trials
101 to 150. Table 1 characterizes the subjects
for both experiments.

Apparatus
The experimental space contained a stimu-

lus display/response panel, a token receptacle,
door chimes, and a buzzer. The display panel
was 1 m from the floor and contained three
circular windows (32 mm in diameter) that
formed a triangle with a base of 50 mm and
sides of 83 mm each (measured from the cen-

ter of each window). The token tray was 12 cm
directly above the stimulus/response panel.
The door chimes and buzzer were attached
near the ceiling. Each window was equipped
with a 12-stimulus rear projector (Industrial
Electronics Engineers, Inc., Model 2000).

White figures (approximately 16-mm character
size) on dark backgrounds served as stimuli.
Figures 1 to 4 illustrate the stimuli used in
both experiments, some of which were adapted
from previous research (Caron, 1968; Gibson,
Gibson, Pick, & Osser, 1962; Vellutino, Hard-
ing, Phillips, & Steger, 1975). Capacitance-
sensing switches detected touches of the display
windows. Tokens (metal washers) were dis-
pensed via a Davis Universal feeder (Model
310). BRS solid-state circuitry and a Narcor
tape reader (Model 1280B) programmed stim-
ulus events from an adjacent room. Responses
were recorded on digital counters and a Prac-
tical Automation printout counter (Model
MMP-6 Moduprint).

Design
Various test conditions were evaluated

against a baseline of criterion matching. Fig-
ures 1 and 2 depict exemplar training and
novel test arrays. After learning the initial A-B
matching task with Stimulus Set I, a subject
proceeded through 18 test conditions, i.e., nine
different tests, each given twice. Another A-B
task was then trained with Stimulus Set II
and the nine tests were administered twice
again (36 test sessions in all). ED and JT were
assigned to Sets Ia and Ila as illustrated in the
figures; DW and JL were assigned to different
sample-comparison arrangements during train-
ing and testing; e.g., the illustrated B2 was
used as the Bl stimulus, BI was used as B2, N2
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Table 2

Sequence of conditions for subjects of Experiment 1. Tests 1 to 9 are listed in their order
of occurrence for each subject. Figures 1 and 2 illustrate stimulus arrays corresponding to
the training and testing conditions for each subject.

ED DW JT JL ED DW JT JL

1. Initial A-B Traininga 3. Replication A-B Trainingb
2. Administer Testsa 4. Administer Testsb

1 1 1 1 1 1 1 1
2 5 7 8 8 7 5 2
3 4 6 9 9 6 4 3
2 5 7 8 8 7 5 2
3 4 6 9 9 6 4 3
4 6 9 3 3 9 6 4
5 7 8 2 2 8 7 5
4 6 9 3 3 9 6 4
5 7 8 2 2 8 7 5
1 1 1 1 1 1 1 1
7 8 2 5 5 2 8 7
6 9 3 4 4 3 9 6
7 8 2 5 5 2 8 7
6 9 3 4 4 3 9 6
9 3 4 6 6 4 3 9
8 2 5 7 7 5 2 8
9 3 4 6 6 4 3 9
8 2 5 7 7 5 2 8

aStimulus Sets Ia and Ib were used for the initial conditions.
bStimulus Sets IIa and lIb were used for the replication conditions.

as N 1, etc. Table 2 describes the sequence of
conditions for each subject.

Test Series I and II (see Figures 1 and 2) ex-

amined whether A-B matching is controlled
by sample-S+ and sample-S- relations. Series
III and IV asked whether similar relations
controlled subjects' responses to symmetrical
B-A arrays. Figures 1 and 2 show that each
test series included a test with novel compari-
sons for control by the sample-S+ relation
(Tests 2 and 6), or a test with novel compari-
sons for control by the sample-S- relation
(Tests 4 and 8), and a test for preferences be-
tween novel comparisons when they were

pitted against each other in the presence of
familiar samples (Tests 3, 5, 7, and 9). Table
2 shows that these preference tests were ad-
ministered before and after the tests for con-

trol by sample-S+ and sample-S- relations.

Training Procedures

Sessions of 84 trials each were held at the
same time six days per week. At the end of
each session, tokens were exchanged for money
at the rate of three tokens to one cent under
100%-feedback contingencies. The token-

penny ratio was shifted to 1:1 when intermit-
tent-feedback contingencies were in effect.

Trial and consequences. Trials began with a
sample displayed on the center window. Sam-
ple stimuli were randomized across trials with
the restriction that the same sample occurred
no more than two consecutive times. A single
touch of the sample illuminated the compari-
son windows with S+ and S- comparisons.
The sample remained illuminated until the
subject touched a comparison. The left-right
position of the comparisons alternated ran-
domly with a maximum of three successive
trials on the same side. Each comparison ap-
peared equally often in the left-right positions,
and each sample occurred an equal number
of times. When feedback was programmed,
touching S+ resulted in chimes, delivery of a
token, a 3-sec intertrial interval with all win-
dows dark, and the next trial. Incorrect selec-
tions produced a .5-sec buzzer, the intertrial
interval, and the next trial (noncorrection).

Instructions. During the initial session, sub-
jects were seated before the display panel with
all windows dark. The experimenter began
the first demonstration trial and provided the
following instructions while physically guiding
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the subject to touch the sample and compari-
son:

When you see this thing come on (the
sample), touch it with your finger, then
touch this thing (the correct comparison).
Good, you made the bell go on and you
got a token. You can trade the tokens for
money when we are done. To help you
earn tokens, a buzzer will go on when you
choose the wrong thing. Let me show you.
When this thing comes on (sample), don't
touch this thing (incorrect comparison).
See, you made the buzzer go on. You don't
get a token when the buzzer goes on.

After eight demonstrations of correct trial se-
quences, the experimenter said, "OK, see how
many you can get right on your own. I'll wait
outside for you. Work until I tell you to stop."
The programming tape was rest'arted and the
recorded session began.
A-B training. These procedures were used to

train both the initial A-B task with Stimulus
Set I and the replication with Stimulus Set II.
A-B training consisted of the following stimu-
lus arrays: Al(B2, Bl*), A2(Bl, B2*), e.g.,
Figures 1 and 2. A-B training continued until
a subject met a criterion of one session of at
least 95% correct selections under continuous
feedback. Next, intermittent reinforcement
was programmed so that only 33% of the trials
resulted in either the chimes and token, or
buzzer (28 feedback trials). Feedback occurred
on a maximum of two consecutive trials,
whereas no more than six successive no-feed-
back trials occurred. An equal number of feed-
back trials was programmed on the left and
right comparison windows. Intermittent rein-
forcement was introduced to accommodate the
nonreinforced probe trials during later test
sessions. To facilitate the transition from con-
tinuous to intermittent feedback, the experi-
menter informed the subject:

For the next few days you won't get a
token every time you choose the right
thing, only some of the time. The bell and
buzzer won't come on every time either.
But now, the tokens you get will be worth
one penny each, so you can still earn the
same amount of money. Work hard and
see if you can get all the tokens.

A-B matching under the 33% schedule con-
tinued until a subject selected correctly on at

least 95% of the 84 trials per session for three
consecutive sessions.

Testing Procedures
The 33%-feedback schedule remained in

effect throughout testing. Each daily session
included 72 standard A-B trials plus 12 ran-
domly interspersed probe trials without feed-
back. Test sessions were introduced without
explanation.

Test 1. B-A matching. This condition tested
for symmetry of the A-B relations: Bl and B2
were presented as samples and Al and A2 as
comparisons (Figures 1 and 2). Would subjects
select Al given B1, and A2 given B2?

Tests 2 and 6. Control by sample-S+ rela-
tion with "matching' A and B stimuli and
novel comparisons. Test 2 assessed the extent
to which the original A-B training established
control by the relation between samples and
S+ comparisons. Test-2 trials took the form
Al(Nl, Bl), A2(N2, B2). Test 6 provided a
similar analysis of the B-A arrays: BI(N5, Al),
B2(N6, A2). During both tests, selections of
the appropriate B or A comparisons were
scored as correct.

Tests 4 and 8. Control by sample-S- rela-
tion with "nonmatching" A and B stimuli and
novel comparisons. Test 4 evaluated control
by the relation between samples and S- com-
parisons. On Trials AI(B2, N3) and A2(BI,
N4), selections of the novel comparisons were
scored as correct. Test 8 asked the same ques-
tion concerning the B-A arrays: BI(A2, N7),
B2(Al, N8).

Tests 3, 5, 7, and 9. Control of preferences
between novel comparisons by A and B sam-
ples. These tests served as control measures for
any preference for particular novel compari-
sons in the presence of A or B samples. Sub-
jects were given a familiar sample and two
novel comparisons e.g., for Test 3 the trials
were Al(Nl, N2), A2(NI, N2) (see Figures 1
and 2).
Arrangement of comparisons during Tests 2,

4, 6, and 8 following preference tests. Subjects
who began a test series with a test for control
by sample-S+ or sample-S- relations did so
with stimulus arrays similar to those illus-
trated in Figures 1 and 2. For example, Test 2
took the form, Al(Nl, Bl), A2(N2, B2); and
Test 4, AI(B2, N3), A2(BI, N4). These arrays
were also used with subjects initially exposed
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Set la Stimuli Set lb Stimuli

Train A-B Matching

Test 1: B-A Matching
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B1 B2

Al t> A2 Al A2

n cGo Go
SERIES Al A2

Test 2: Control by 81
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N
o

Matching A-B Stirrmuli N1 N2 82
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Comparisons

SERIES II

Test 4: Control by N3
Nonmatching A-B Stimuli
with Novel Comparisons cB

Test 5: Control by
A Samples over Novel N3
Comparisons &

SERIES IlIl

Test 6: Control by Al
Matching B-A Stimuli
with Novel Comparisons n

Test 7: Control by
B Samples over Novel N5
Comparisons

Al A2

N2 Nl N2

E CH

Al

in
B2 B1

A2

N4

Al A2

N4 N3 N4

La ES

B1 B2

EY N5 N6
Q A2

B1 B2

c>
N6 N5 N6

> Q1 0 ~ Ng
SERIES IV B1

Test 8: Control by N7 A2 Al
Nonmatching B-A Stimuli

0 0

with Novel Comparisons co il

B2

Q~N8

Al A2

B1 + B2- Bi- B2+

Bi B2

Al A2 Al A2

. .~~~~~~~~~~~.
Al A2

Bl Nl N2 B2

Al A2

\q &

N1 N2 N2 N2

Al A2

N3 B2 BN N4

co
Al A2

N3 N4 N3 N4

B1 B2

Al N5 N6 a A2

pq~~~~L 000 C&

B1 B2

O> o
N5 N6 N5 N6

a00 L 000

B1 B2

N7 + A 2 Al N8

n &uu

Test 9: Control by
B Samples over Novel
Comparisons

B1

N7 > N8

*00 A

B2 B1 B2

N7 N8 N7 NB Ni N8

000 A n 11 n 11
Fig. 1. Representative stimulus arrays during initial training and testing conditions of Experiment 1. Sample:

top-center figure of each triad; comparisons: side figures. "+" and "-" denote reinforced and nonreinforced se-

lections respectively, during training. All test trials were nonreinforced. Letter/number designations (Al, B2, etc.)
correspond to the trial notation in Tables 3 and 4.
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Set Ila Stimuli Set llb Stimuli

Train A-B Matching

Test 1: B-A Matching

SERIES
Test 2: Control by
Matching A-B Stimuli
with Novel Comparisons

Test 3: Control by
A Samples over Novel
Comparisons

SERIES II

Test 4: Control by
Nonmatching A-B Stimuli
with Novel Comparisons

Test 5: Control by
A Samples over Novel
Comparisons

SERIES tIt

Test 6: Control by
Matching B-A Stimuli
with Novel Comparisons

Test 7: Control by
B Samples over Novel
Comparisons

SERIES IV

Test 8: Control by
Nonmatching B-A Stimuli
with Novel Comparisons

Test 9: Control by
B Samples over Novel
Comparisons

Al A2

a-I~

Bl + B2- Bi- B2+

Bi B2

Al A2 Al A2

3---- P

-4

Al A2
P-4

Bl Nl N2 B2

Al A2

Nl N2 Nl N2

a? 6 6S
Al

N3 B2 Bl

S>

A2

N4

I

Al A2
a---

N3 N4 N3 N4

~~~~~ISI
Bl B2

Al N5 N6 A2
P

> X

Bl B2

N5 N6 N5 N6

'> X X
Bl B2

N7 A2 Al N8
7 r/ _ " <

Bl B2

N7 N8 N7 N8

7 <(7 <

Al A2

< 77
Bl+ B2- B1- B2+

Bl B2

Al A2 Al A2

< 77< 77

Al .A2

< 7r
Bl Nl N2 B2

Al A2

< 7T
N1 N2 Nl N2

Al A2

< 7r
N3 B2 Bl N4

Al A2

< 7r
N3 N4 N3 N4

Bl B2

Al N5 N6 S A2

< a 77
Bl B2

N5 N6 N5 N6

61 6 6
Bl B2

N7 A2 Al N8

77v < '-

Bl B2

N7 N8 N7 N8

Fig. 2. Representative stimulus arrays during replication training and testing conditions of Experiment 1. See
Figure 1 for details.

to a preference test (see Table 2) and who
exhibited a single-stimulus or position prefer-
ence, or simply alternated between the novel

comparisons. However, an alternate stimulus
array was possible for each S+ and S- test by
manipulating the N comparisons: e.g., Test 2
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could be presented as A1(N2, B1), A2(N1, B2);
and Test 4 as AI(B2, N4), A2(BI, N3). The
alternate stimulus array was used during the
second test for control by sample-S+ or sample-
S- relations if the prior preference test gen-

erated the alternation pattern of comparison
selection, or stimulus or position preferences.
Subjects who showed any conditional prefer-
ences for the novel stimuli were given one or

both versions of the test in a series, depending
on the nature of their preferences. For exam-

ple, a subject might consistently select NI
over N2 when given novel comparisons Nl and
N2 and Sample Al; whereas in the presence

of A2, always select N2 over Nl (Test 3). Then
the subsequent test for control by the sample-
S+ relation (Test 2) attempted to shift control
away from the preferred novel comparisons
by presenting test arrays: Al(Nl, Bl), A2(N2,
B2). Thus, for tests of the sample-S+ relation,
preferred novel stimuli were presented along
with familiar S+ comparisons. However, a

test for control by the sample-S- relation em-

ployed nonpreferred novel comparisons in
conjunction with familiar S- comparisons.
For example, suppose that during Test 5 a

subject always selected N3 over N4 given Sam-
ple Al, and N4 over N3 given A2. Then

Test 4 would present trials: Al(B2, N4),
A2(BI, N3), in an attempt to shift control to

the nonpreferred novel comparisons (see Table
4).

RESULTS

A-B Matching
Subjects DW and JT met criterion on the

first A-B task within the minimum four ses-

sions; ED and JL took five sessions. All subjects
met criterion on the second task within four
sessions. Throughout testing, A-B matching
never fell below 96% accuracy. The percent-
ages within parentheses in Table 3 show repre-

sentative A-B accuracy levels during all test
sessions.

Test Sessions
Test 1. This test examined sample-compari-

son symmetry (B-A matching). Table 3 shows
that B-A matching was perfect during 14 of
16 test sessions. During two sessions, DW and
JL matched 927% of the B-A arrays correctly
(11/12 trials).

Tests 2 and 6. During Tests 2 and 6, sub-
jects were given A or B samples along with
familiar S+ and novel comparisons. Table 3

Table 3

Experiment 1 results. Tests for symmetry (Test 1), and control by positive (Tests 2 and 6)
and negative (Tests 4 and 8) stimulus relations. Tests listed in third and fourth rows were
administered after training the second matching task. Percentages in parentheses depict
performance during standard A-B trials of test sessions.

Test 4: Test 8:
Test 2: % Selection of Test 6: % Selection of

% Selection of B Novel Comparisons % Selection of A Novel Comparisons
Subjects/ Comparisons with with A Samples Comparisons with with B Samples

Test Test 1: A Samples and and Incorrect B Samples and and Incorrect
Order % B-A Matching Novel Comparisons B Comparisons Novel Comparisons A Comparisons

ED 1. (100) 100 (99) 100 (100) 83 (99) 100 (99) 92
2. (100) 100 (100) 100 (99) 100 (99) 100 (100) 75
3. (97) 100 (97) 100 (99) 100 (100) 100 (100) 100
4. (100) 100 (99) 100 (99) 100 (100) 92 (100) 100

DW 1. (99) 100 (99) 100 (99) 100 (97) 100 (99) 100
2. (97) 92 (100) 100 (99) 100 (99) 100 (99) 100
3. (100) 100 (100) 92 (99) 100 (100) 100 (99) 100
4. (98) 100 (100) 100 (97) 100 (96) 100 (99) 100

JT 1. (100) 100 (100) 100 (99) 100 (100) 100 (100) 100
2. (100) 100 (100) 100 (96) 100 (99) 100 (100) 100
3. (100) 100 (99) 100 (99) 100 (100) 100 (100) 100
4. (100) 100 (100) 100 (99) 100 (97) 100 (100) 100

JL 1. (100) 100 (99) 100 (99) 83 (100) 100 (100) 100
2. (100) 100 (97) 100 (100) 100 (99) 100 (100) 100
3. (100) 100 (100) 100 (100) 100 (100) 100 (100) 100
4. (100) 92 (97) 100 (100) 100 (99) 100 (100) 100
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Table 4
Experiment 1 results. Percentages of comparison selection during representative tests for
control by positive and negative stimulus relations and preference tests (Tests 3, 5, 7, and 9).
Percentages in parentheses depict performance during standard A-B trials of test sessions.

Subjects/ Test Arrays and Subjects/ Test Arrays and
Session # % Comparison Selection Session # % Comparison Selection

Series I Series III
ED 7 Test 2: Al(Nl, Bl) A2(N2, B2) JT 32 Test 6: B1(N5, Al) B2(N6, A2)

(99) 0 100 0 100 (100) 0 100 0 100
8 Test 3: Al(Nl, N2) A2(N1, N2) 33 Test 7: B1(N5, N6) B2(N5, N6)

(99) 100 0 0 100 (99) 0 100 83 17
9 Test 2: Al(NI, Bi) A2(N2, B2) 34 Test 6: B1(N6, A1) B2(N5, A2)

(100) 0 100 0 100 (97) 0 100 0 100
10 Test 3: Al(Nl, N2) A2(N1, N2) 35 Test 7: BI(N5, N6) B2(N5, N6)

(100) 100 0 0 100 (100) 0 100 100 0

Series II Series IV
DW 5 Test 5: AI(N3, N4) A2(N3, N4) JL 42 Test 9: Bl(N7, N8) B2(N7, N8)

(100) 17 83 67 33 (100) 50 50 33 67
6 Test 4: A1(B2, N3) A2(Bl, N4) 43 Test 8: B1(A2, N8) B2(A1, N7)

(99) 0 100 0 100 (100) 0 100 0 100
7 Test 5: Al(N3, N4) A2(N3, N4) 44 Test 9: B1(N7, N8) B2(N7, N8)

(100) 100 0 0 100 (99) 33 67 50 50
8 Test 4: AI(B2, N4) A2(B1, N3) 45 Test 8: B1(A2, N7) B2(Al, N8)

(99) 0 100 0 100 (100) 0 100 0 100

shows that the novel comparisons were vir-
tually never chosen.

Tests 4 and 8. Tests 4 and 8 examined con-
trol by sample-S- relations. Except for ED's
second exposure to Test 8, all participants
selected the novel comparisons instead of the
familiar S- comparisons in both tests.

Representative Test Series
Table 4 illustrates preference tests and tests

for control by sample-S+ and sample-S- re-
lations. Also illustrated is the strategy of tailor-
ing the specific arrays of Tests 2, 4, 6, and 8
to subjects' preferences for particular novel
comparisons. For example, ED began Series I
with Test 2 and appropriately selected the B
comparisons every time. In the subsequent
preference Test 3, ED showed a consistent con-
ditional preference: NI was always chosen
when Al was the sample, and N2 when A2
was the sample. The next administration of
Test 2 therefore pitted the preferred novel
comparisons against the B comparisons; ED
selected the B stimuli over the novel compari-
sons. Finally, another preference-Test 3 con-
firmed ED's preferences when both compari-
sons were novel. An analogous Series-Ill
sequence is shown for JT where control by the
sample-S+ relation was assessed with the B-A
stimuli.

The Series-II results for DW exemplify test
conditions for the evaluation of control by the
sample-S- relation. DW began with prefer-
ence-Test 5 and some preferential selections
occurred: N4 was selected on five of six trials
in the presence of Al, and N3 on four of six
trials with Sample A2. Since Test 4 looked for
selections of novel comparisons, nonpreferred
novel comparisons were presented with the
familiar A or B S- comparisons. DW chose
the novel comparisons every time. During the
subsequent preference-Test 5, DW shifted pref-
erences, so the final Test 4 employed the most-
recently-nonpreferred novel comparisons.
Again, DW avoided familiar B comparisons
and selected the novel stimuli. A similar se-
quence is depicted for JL.

DISCUSSION
The test data demonstrated that subjects'

selections were controlled both by sample-S+
and sample-S- relations as a result of the A-B
matching training. This finding is congruent
with the analysis of childrens' identity match-
ing (Dixon & Dixon, 1978). These controlling
relations were evident for both trained A-B
arrays and the symmetrical (untrained) B-A
arrays. In both cases, novel comparisons were
rejected when familiar samples and S+ com-
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parisons were available, but novel compari-
sons were consistently selected when familiar
S- comparisons were presented.
An order effect may have influenced these

data. Tests for control by sample-S+ and
sample-S- relations always followed tests for
symmetry. Though B-A matching went unre-

inforced, it may be argued that this symmetry-

test experience somehow influenced selections
in the presence of novel comparisons. Experi-
ment 2 controlled for this possibility.

EXPERIMENT 2
DERIVED STIMULUS

RELATIONS CONTROLLING
MATCHING-TO-SAMPLE

The results of Experiment 1 suggest that
A-B matching generated control by sample-S+
and sample-S- relations. That is, the sample
stimulus served a dual function: it determined
which comparison was S+ (correct compari-
son) and which comparison was S- (incorrect
comparison). This dual sample function was

also found when samples became comparisons
and comparisons became samples (symmetrical
B-A matching). The present experiment ana-

lyzed whether a duel sample function also
characterizes arbitrary matching controlled by
derived sample-comparison relations. Addi-
tionally, direct tests for sample-comparison
symmetry were conducted to determine if con-

trol by symmetrical and by derived relations
coexists.

METHOD

Subjects and Apparatus

Nine developmentally delayed male adoles-
cent residents (selected from 16 screened) from
the same facility were added to three subjects
from Experiment 1 (one subject left the facil-
ity). The new subjects were naive to the ex-

perimental procedures. The 12 residents were

divided into three groups, each composed of
three naive members and one from Experi-
ment 1. The apparatus remained the same.

Design
Figures 3 and 4 illustrate representative

training and testing conditions for Experiment
2. A different derived sample-comparison para-
digm was used with each group. In Group 1,
the tests of derived matching and control by

sample-S+/sample-S- relations involved sam-
ple and comparison stimuli all of which had
been trained as samples (train A-B, C-B; then
test A-C, C-A). In Group 2, the tests involved
sample and comparison stimuli all of which
had been trained as comparisons (train A-B,
A-C; test B-C, C-B). In Group 3, the tests in-
volved sample and comparison stimuli that
had been trained either as sample or compari-
son (train A-B, B-C; test A-C, C-A).
Each group was trained on two matching

tasks followed by two administrations each of
six tests (a total of 24 test sessions). Table 5
gives the sequence of conditions for each sub-
ject. Subjects MP and JL, JC and LM, and
LH and GC were first trained and tested with
Stimulus Set IIIa (Task 1) and then Set IVa
(Task 2). Subjects JK and LE, DW and NO,
and AP and ED were first assigned to Set IIIb,
then Set IVb. Half the subjects (JL, LE, LM,
NO, GC, and ED) were exposed to sample-
comparison arrays that were the reverse of
those in the figures.

Sessions were again held six days per week,
but terminated after 168 trials. Token-ex-
change ratios, trial procedures, and conse-
quences were as in Experiment 1.

Group-i Procedures
Train A-B, C-B matching. Figure 3 depicts

the four kinds of stimulus arrays that com-
prised A-B, C-B training: viz., A1(B2, B1),
A2(Bl, B2*), Cl(B2, B1), C2(B1, B2*). Ter-
minal performance was established in three
phases. First, a 168-trial A-B matching prob-
lem was trained to a criterion of at least 95%,
accuracy for one session under continuous
feedback. Second, subjects were exposed to 84
A-B trials and 84 C-B trials until one session of
at least 957% accuracy occurred. Third, the
337% schedule of feedback was instated and
continued until three consecutive sessions
showed at least 95% accuracy. Instructions
similar to those in Experiment 1 were used.

Test sessions. The 33%,-feedback schedule
remained in effect throughout testing. All test
sessions had 168 trials: 144 A-B, C-B trials and
24 nonreinforced probes. Figure 3 depicts the
stimuli for the various tests.

Test 1. B-A, B-C matching. Test 1 was a
test for symmetry. Interspersed among the 144
standard A-B and C-B trials were 12 B-A and
12 B-C trials (Figure 3). Selecting comparisons
Al and Cl in the presence of Sample Bl and
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Table 5
Sequence of conditions for subjects of Experiment 2. Tests 1 to 6 are listed in their order
of occurrence for each subject. Figures 3 and 4 illustrate stimulus arrays corresponding to
the training and testing conditions for the subjects of each group.

Grp 1: MP JK IL LE
Grp 2: JC DW LM NO
Grp 3: LH AP GC ED

1. Initial Training": 3. Replication Trainingb:
A-B, C-B Matching (Grp 1)
A-B, A-C Matching (Grp 2)
A-B, B-C Matching (Grp 3)

2. Administer Testsa: 4. Administer Testsb:
1 4 2 6 5 1 3 2
2 3 1 5 6 2 4 1

4 6 5 3
3 3 5 5 6 6 4 4
4 6 5 3
3 2 5 1 2 6 1 4
4 1 6 2 1 5 2 3
2 5 1 3 4 2 6 1
1 6 2 4 3 1 5 2

5 3 4 6
6 6 4 4 3 3 5 5
5 3 4 6
6 1 4 2 1 3 2 5
5 2 3 1 2 4 1 6

"Stimulus Sets lIla and IlIb were used for the initial conditions.
bStimulus Sets IVa and IVb were used for the replication conditions.

comparisons A2 and C2 in the presence of B2
was taken as evidence of symmetry.

Test 2. A-C, C-A matching. Test 2 assessed
control by the derived relations between A and
C stimuli: 12 A-C and 12 C-A test arrays were
intermixed with the 144 standard A-B, C-B
arrays (Figure 3). Control of matching by de-
rived sample-comparison relations would be
evidenced by Cl selections given Al samples,
C2 selections given A2 samples, Al selections
given Cl samples, and A2 selections given C2
samples.

Test 3. Control by sample-S+ relation with
"matching" A and C stimuli and novel com-

parisons. Test 3 probed for control by the de-
rived sample-S+ relation in the A-C, C-A ar-

rays. Testing involved arrays of the type,
Al(Nl, Cl), A2(N2, C2), Cl(Nl, Al), C2(N2,
A2).

Test 5. Control by sample-S- relation with
"nonmatching" A and C stimuli and novel
comparisons. Test 5 tested for control by the
derived sample-S- relation in A-C, C-A arrays.
Test arrays were of the type, AI(C2, N3),
A2(Cl, N4), Cl(A2, N3), C2(Al, N4).

Tests 4 and 6. Control of preferences be-
tween novel comparisons by A and C samples.

Figure 3 and Table 5 summarize stimulus ar-
rangements for Tests 4 and 6, and their order
of occurrence across subjects. The rationale
and procedures for administration were iden-
tical to those for Experiment 1, Tests 3, 5, 7,
and 9. Each test included 12 trials with A
samples and 12 with C samples.

Group-2 Procedures

Train A-B, A-C matching. Figure 4 (left
column) shows the stimuli used with Group 2.
A-B, A-C matching was trained in the manner
described for Group 1. Selecting BI and Cl
given Sample Al, and B2 and C2 given Sam-
ple A2 was reinforced.

Test sessions. Figure 4 (left column) and
Table 5 outline the test procedures. Test ses-
sions were similar to those in Group 1, but
specific stimuli differed. The test for symmetry
(Test 1) used B-A and C-A stimuli; the test for
control by the derived stimulus relations (Test
2) used B-C and C-B arrays. Tests 3 and 5
ascertained whether or not selections were con-
trolled by derived sample-S+ and sample-S-
relations. Tests 4 and 6 tested preferences be-
tween novel stimuli.
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Set Illa Stimuli Set Illb Stimuli

Train A-B. C-B Matching

Test 1: B-A. B-C Matching

Test 2: A-C. C-A Matching

SERIES

Test 3: Control by
Matching A-C. C-A Stirrmuli
with Novel Comparisons

Test 4: Control by
A and C Samples over
Novel Comparisons

SERIES II

Test 5: Control by
Nonmatching A-C, C-A Stimuli
with Novel Comparisons

Test 6: Control by
A and C Samples over
Novel Comparisons

Al A2

Bl B2- B1 B2+

C1 C2

Bl + B2 - Bl - B2 +

B1 B2

Al A2 Al A2

B1 B2

C1 C> C2 C1 A C2

_R N x >-
Al A2

C1 C2 C1 C2

C1 C2

Al A2 Al A2

Al A2

C1 Nl N2 C2

C1 C2

Al Nl N2 A2

Al A2

Nl N2 Nl N2

C1 C2

Nl N2 Nl N2

£ V L
Al

N3 C2

i C1

N3 X A2

±

A2

C1 N4

C2

Al Di N4
Li

Al A2

N3 N4 N3 N4

IC WU1= Li
C1 C2

N3 X N4 N3 N4

W~ U Li

Al A2

1- ~~-E
81 + B2 B1- B2+

± ±
C1 C2

B1 + B2 - B1- B2 +

B1 B2

Al A2 Al A2

L EL -E
B1 B2

Cl C2 C1 C2

Al A2

C1 C2 C1 C2

WU Li01 C

A 1 A2 Al A2

L <<-EL
Al A2

C1 N1 N2 C2

C1 C2U AX L
Al N 1 N2 A2

L A X -
Al A2

N1 N2 Nl N2

X A X
C1 C2

N1 N2 N1 N2

Al A2

N3 C2 C1 N4

LA u
C1 C2

N3 A2 Al L N4

Al A2

N3 N4 N3 N4

CN C2

N3 Li
N4 N3 N4

Fig. 3. Representative stimulus arrays during training and testing conditions for Group 1 of Experiment 2.
These stimuli were used during the initial conditions for all subjects. Letter/number designations correspond to
the trial notation in Tables 6 and 7. See Figure 1 for details.

I
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Set IVa Stimuli

Al A2

T 0
B1+ B2 B1 B2+

Al A2

T 0
C1+ C2 - C1 - C2 +

B1 B2

Al A2 Al A2

T n T 0
C1 C2

Al A2 Al A2

T n T 0
B1

C1 C2 C1

0

Al

B1 + B2

/
Train A-B. B-C Matching

Test 1 B A. C0B Matching

B2

vww
C2

0

A2

B1 B2.

B1 B2

C1. C2 - C1 - C2 -

B1 B2

Al A2 Al A2

C1 C2Cl 0

B1 B2 B1 B2

Al A2

Ci C2 C1 ' C2

x 1~ Wt.

Test 2: B-C. C-B Matching

SERIES

Test 3: Control by
Matching B-C, C-B Stimuli
with Novel Comparisons

Test 4: Control by
B and C Samples over
Novel Comparisons

SERIES II

Test 5: Control by
Nonmatching B-C, C-B Stimuli
with Novel Comparisons

Test 6: Control by
B and C Samples over
Novel Comparisons

C1 C2

B1 B2 61 B2

B1 B2

C1 Ni N2 C2

C1 C2
01 02

B1 Ni N2 B2

B1 B2

Nl N2 Ni N2

C1 C2

Ni N2 Ni N2

B1 B2

N3 C2 C1 N4

U 0 V H
Ci C2

N3 B2 B1 N4

B1 B2

N3 N4 N3 N4

(5 )* U 3
C1 C2

N3 N4 N3 N4

U H U

Test 2 A-C. C A Matching

SERIES

Test 3 Control by
Matching A-C. C-A Stimuli
with Novel Comparisons

Test 4: Control by
A and C Samples over
Novel Comparisons

Ci

Al A2 Al

n +

C2
mwlt

A2

Al A2

n +
C1 Ni N2 C2

C1 C2

Al Ni N2 A2

0 T t +'F
Al A2

n +
Nl N2 Ni ' N2

Ci C2

Ni N2 Ni N2

T
Al

N3 C2
SERIES II WI.

Test 5: Control by
Nonmatching A-C, C-A Stimuli Ci
with Novel Comparisons 3

Test 6: Control by
A and C Samples over
Novel Comparisons

A2

C1+ N4
r

0

C2
NO.

N3 A2 Al N4

V> 'F 0 0
Al A2

n +
N3 N4 N3 N4

V> 0 IV> 0
Ci C2

N3 N4 N3 N4

0 v~ 0
Fig. 4. Representative stimulus arrays during the training and testing conditions for Group 2 (left column)

and Group 3 (right column) of Experiment 2. These stimuli were used during the replication conditions for all
subjects. Letter/number designations correspond to the trial notation in Tables 6 and 7. See Figure 1 for details.
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Group-3 Procedures
Figure 4 (right column) and Table 5 sum-

marize the Group-3 manipulations. The pro-
cedures for A-B, B-C training and subsequent
testing with A and C stimuli corresponded to
those described for Groups 1 and 2. Subjects
were trained with stimulus arrays of the type
AI(B2, Bl*), A2(BI, B2*), BI(C2, Cl*), B2(Cl,
C2*). The test for symmetry used B-A, C-B
arrays; tests for control by derived and sample-
S+ and sample-S- relations used A-C, C-A
stimuli.

RESULTS

Group I
A-B, C-B matching. The number of sessions

taken to reach criterion accuracy on the first
matching task and the replication task, respec-
tively, was: MP, 9-7; JK, 6-8; JL, 8-6; and LE,
14-9. Table 6 (percentages in parentheses)
shows that performance during standard trials
remained high (97 to 100%) during test ses-
sions.

Test sessions. Table 6 summarizes test results
for Group 1. Each percentage is based on 12
trials. Each test was administered four times,
the first and second time following the initial
matching task, the third and fourth after the
replication task.

Test 1 (B-A and B-C trials) probed for sam-
ple-comparison symmetry. Symmetry was dem-
onstrated by JK, JL, and LE. MP had a 92%
symmetry score during the first Test 1, but
declined to chance level during the remaining
tests. Test 2 assessed control by derived A-C,
C-A relations. JK, JL, and LE's performances
showed that their selections were controlled
by the derived relations. MP, however, re-
sponded at or near chance level during all ex-
posures to Test 2. Test 3 assessed control by
the sample-S+ relation in A-C and C-A arrays.
Subjects were given familiar samples and cor-
rect comparisons along with novel compari-
sons. JK, JL, and LE consistently selected the
correct C and A comparisons. Test 5 assessed
control by the derived sample-S- relation us-
ing familiar samples and incorrect compari-
sons along with novel comparisons. JK, JL,
and LE consistently selected the novel com-
parisons. Except for the third Test 5, MP's
selections were at or near chance level through-
out Tests 3 and 5.

Group 2
A-B, A-C matching. Criterion accuracy on

the first A-B, A-C task was reached in 7, 6, 8,
and 5 sessions by JC, DW, LM, and NO, re-
spectively. All subjects reached criterion ac-
curacy on the replication task within five ses-
sions. Matching accuracy on standard trials
never fell below criterion during subsequent
test sessions.

Test sessions. Table 6 shows Group 2's test
results. All tests were like those for Group 1.
All subjects showed perfect symmetry of sam-
ples and comparisons in Test 1. Subjects JC,
DW, and NO also evinced consistent control
by the derived stimulus relations (Test 2), con-
trol by the derived sample-S+ relation (Test 3),
and also by the derived sample-S- relation
(Test 5). LM's performance deviated from that
of the other subjects: evidence for control by
the derived sample-comparison relations oc-
curred only during the second and subsequent
administrations of Test 2. In Test 5, LM began
by always rejecting the novel stimuli, then
performed at chance level. During the last two
exposures to Test 5, however, LM selected the
novel comparisons.

Group 3
A-B, B-C matching. LH required six sessions

to reach criterion on the first A-B, B-C task
and five sessions for the replication; AP, 10
and 6; GC, 11 and 9; and ED, 5 and 9 sessions,
respectively. During test sessions, standard
A-B, B-C matching remained uniformly ac-
curate (96 to 100%).

Test sessions. The bulk of the test data
shown in Table 6 for Group 3 is consistent
with the data for Groups 1 and 2. Except for
ED's third exposure to Test 1, sample-compari-
son symmetry and control by derived stimulus
relations (Test 2) were demonstrated by all
subjects. During Tests 3 and 5, LH, GC, and
ED replicated previous findings: control by
derived sample-S+ and sample-S- relations
was found. AP reliably selected novel stimuli
during Test 5 after training on the replication
matching task.

Representative Test Series
Table 7 illustrates selected sequences of

Series I (tests for control by the sample-S+
relation) and II (tests for control by the sam-
ple-S- relation) for the three groups. Prefer-
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Table 6
Experiment 2 results. Tests for symmetry (Tests 1 and 2), and control by positive (Test 3)
and negative (Test 5) stimulus relations. See Table 3 for details.

Test 5:
Test 3: % Selection of

% Selection of C or A Novet Comparisons
Test 1: Comparisons with A with A or C Samples

Subjects/ % Sample-Comparison Test 2: or C Samples and and Incorrect C or
Test Order Symmetry % Derived Matching Novel Comparisons A Comparisons

Grp 1:
(A-B, C-B Trn'd) B-A B-C A-C C-A A-C C-A A-C C-A

MP 1. (100) 92 92 (99) 58 33 (100) 50 42 (99) 67 58
2. (99) 50 50 (99) 50 50 (99) 58 50 (97) 67 67
3. (100) 50 50 (100) 67 33 (99) 50 50 (99) 67 75
4. (99) 50 50 (100) 50 50 (100) 50 50 (100) 50 50

JK 1. (99) 100 92 (99) 100 100 (99) 100 100 (98) 100 100
2. (97) 100 100 (99) 92 100 (100) 100 100 (97) 100 100
3. (97) 100 92 (97) 100 92 (99) 100 100 (99) 100 100
4. (100) 100 100 (99) 100 100 (99) 100 100 (99) 100 100

JL 1. (100) 100 100 (100) 100 100 (100) 100 100 (100) 100 100
2. (99) 100 100 (99) 100 100 (99) 100 100 (100) 100 100
3. (98) 92 100 (99) 83 100 (99) 100 100 (99) 100 92
4. (99) 100 106 (100) 100 100 (99) 100 100 (99) 100 100

LE 1. (99) 100 100 (99) 83 83 (97) 83 92 (100) 100 92
2. (99) 100 100 (99) 100 92 (100) 100 100 (100) 100 92
3. (100) 92 100 (99) 92 100 (99) 100 100 (98) 100 100
4. (99) 100 100 (99) 92 100 (97) 100 100 (99) 92 100

Grp 2:
(A-B, A-C Trn'd) B-A C-A B-C C-B B-C C-B B-C C-B

JC 1. (100) 100 100 (100) 100 100 (100) 100 100 (99) 100 100
2. (99) 100 100 (98) 100 100 (99) 100 100 (98) 100 100
3. (100) 100 100 (99) 100 100 (99) 100 100 (99) 100 100
4. (100) 100 100 (99) 100 100 (99) 100 100 (99) 100 100

DW 1. (99) 100 100 (100) 100 100 (99) 100 100 (100) 100 100
2. (99) 100 100 (99) 100 100 (99) 100 100 (100) 100 100
3. (99) 100 100 (100) 100 100 (99) 100 100 (100) 100 100
4. (100) 100 100 (100) 100 100 (100) 100 100 (99) 100 100

LM 1. (99) 100 100 (99) 33 50 (99) 100 100 (98) 0 0
2. (98) 100 100 (96) 83 100 (99) 100 100 (99) 50 42
3. (99) 100 100 (100) 92 100 (98) 100 100 (99) 92 92
4. (99) 100 100 (98) 100 92 (98) 100 100 (98) 100 92

NO 1. (99) 100 100 (100) 100 100 (99) 100 100 (100) 100 100
2. (99) 100 100 (99) 100 100 (99) 100 100 (100) 100 100
3. (99) 100 100 (100) 100 100 (100) 100 100 (99) 92 100
4. (100) 100 100 (100) 100 100 (99) 100 100 (99) 100 100

Grp 3:
(A-B, B-C Trn'd) B-A C-B A-C C-A A-C C-A A-C C-A

LH 1. (100) 100 100 (99) 100 100 (99) 100 100 (100) 100 100
2. (99) 100 100 (100) 100 100 (99) 100 100 (99) 100 100
3. (99) 100 100 (100) 100 100 (99) 92 100 (100) 100 92
4. (100) 100 100 (100) 100 100 (100) 100 92 (100) 100 100

AP 1. (100) 92 92 (99) 83 83 (99) 100 83 (98) 58 58
2. (96) 92 100 (98) 83 92 (99) 92 92 (99) 67 75
3. (100) 100 100 (99) 92 100 (99) 100 100 (99) 100 100
4. (100) 100 100 (97) 92 100 (100) 92 100 (99) 92 100

GC 1. (99) 100 83 (97) 100 83 (99) 92 92 (98) 100 100
2. (98) 100 100 (98) 100 100 (99) 92 92 (100) 100 100
3. (99) 100 100 (99) 100 100 (100) 100 100 (99) 100 100
4. (97) 92 100 (98) 100 100 (99) 100 92 (98) 100 100

ED 1. (100) 100 92 (100) 92 92 (100) 100 100 (98) 100 92
2. (99) 100 100 (99) 100 92 (99) 100 100 (97) 92 92
3. (100) 75 92 (99) 92 83 (99) 100 100 (99) 100 100
4. (97) 83 92 (98) 100 92 (99) 100 92 (99) 100 92
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Table 7
Experiment 2 results. Percentages of comparison selection during representative tests for
control by positive and negative stimulus relations and preference tests (Tests 4 and 6).
Percentages in parentheses depict performance during standard matching trials of test
sessions.

Subjects/Session #

MP 12

13

14

15

JK 7

8

9

10

LM 11

12

13

14

NO 6

7

8

9

Test 3:
(100)

Test 4:
(100)

Test 3:
(99)

Test 4:
(98)

Test 4:
(99)

Test 3:
(99)

Test 4:
(98)

Test 3:
(100)

Test 5:
(98)

Test 6:
(100)

Test 5:
(99)

Test 6:
(99)

Test 6:
(99)

Test 5:
(100)

Test 6:
(99)

Test 5:
(100)

AP 11 Test 4:
(96)

12 Test 3:
(99)

13 Test 4:
(100)

14 Test 3:
(99)

ED 35

36

37

38

Test 5:
(99)

Test 6:
(97)

Test 5:
(99)

Test 6:
(96)

Series I: Grp 1 (A-B, C-B Tm'd)
Al(Nl, Cl) A2(N2, C2)

50 50 50 50
AI(Nl, N2) A2(NI, N2)

50 50 50 50
AI(N2, Cl) A2(N1, C2)

50 50 50 50
Al(Nl, N2) A2(NI, N2)

67 33 50 50
Al(Nl, N2) A2(NI, N2)

0 100 100 0
Al(N2, Cl) A2(N1, C2)

0 100 0 100
Al(Nl, N2) A2(N1, N2)

17 83 100 0
AI(N2, Cl) A2(N1, C2)

0 100 0 100

Series II: Grp 2 (A-B, A-C Tm'd)
BI(C2, N3) B2(C1, N4)

100 0 100 0
B1(N3, N4) B2(N3, N4)

100 0 33 67
B1(C2, N4) B2(C1, N3)

0 100 100 0
BI(N3, N4) B2(N3, N4)

0 100 0 100
BI(N3, N4) B2(N3, N4)

100 0 0 100
B1(C2, N4) B2(C1, N3)

0 100 0 100
BI(N3, N4) B2(N3, N4)

0 100 100 0
Bl(C2, N3) B2(C1, N4)

0 100 0 100

Series 1: Grp 3 (A-B, B-C Trn'd)
Al(Nl, N2) A2(NI, N2)

33 67 67 33
Al(N2, Cl) A2(N2, C2)

0 100 0 100
Al(Nl, N2) A2(NI, N2)

17 83 33 67
AI(N2, Cl) A2(N1, C2)

0 100 17 83

Series II: Grp 3 (A-B, B-C Trn'd)
AI(C2, N3) A2(C1, N4)

0 100 0 100
AI(N3, N4) A2(N3, N4)

83 17 17 83
A1(C2, N4) A2(C1, N3)

0 100 0 100
AI(N3, N4) A2(N3, N4)

83 17 67 33

Test Arrays and % Comparison Selection

Cl(NI, Al)
67 33

Cl(NI, N2)
50 50

Cl(N2, Al)
33 67

Cl(NI, N2)
50 50

Cl(Nl, N2)
0 100

Cl(N2, Al)
0 100

Cl(Nl, N2)
17 83

CI(N2, Al)
0 100

Cl(B2, N3)
100 0

CI(N3, N4)
83 17

C1(B2, N4)
17 83

CI(N3, N4)
0 100

C1(N3, N4)
100 0

C1(B2, N4)
0 100

CI(N3, N4)
0 100

CI(B2, N3)
0 100

Cl(Nl, N2)
50 50

C1(N2, Al)
33 67

Cl(Nl, N2)
33 67

Cl(N2, Al)
0 100

Cl(A2, N3)
0 100

C1(N3, N4)
50 50

C1(A2, N4)
0 100

CI(N3, N4)
83 17

C2(N2, A2)
50 50

C2(N1, N2)
50 50

C2(N1, A2)
50 50

C2(N1, N2)
50 50

C2(N1, N2)
83 17

C2(N1, A2)
0 100

C2(N1, N2)
100 0

C2(N1, A2)
0 100

C2(BI, N4)
100 0

C2(N3, N4)
67 33

C2(B1, N3)
100 0

C2(N3, N4)
0 100

C2(N3, N4)
0 100

C2(B1, N3)
0 100

C2(N3, N4)
100 0

C2(B1, N4)
0 100

C2(N1, N2)
33 67

C2(N1, A2)
0 100

C2(N1, N2)
50 50

C2(N1, N2)
17 83

C2(Al, N4)
0 100

C2(N3, N4)
17 83

C2(Al, N3)
17 83

C2(N3, N4)
50 50
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ences during Tests 4 and 6 again determined
test arrays in the other tests. For example, on
Session 7, JK began Series I with preference
Test 4. JK showed preferences between novel
comparisons that were clearly conditional
upon the samples: given Samples Al and Cl,
N2 was chosen; given A2 and C2, NI was
chosen all but once. The subsequent Test 3
demonstrated that S+ comparison stimuli were
selected even though the alternatives were
preferred novel stimuli. These effects were
replicated during readministration of the two
tests. As illustrated by ED, the tactic for evalu-
ating control by the sample-S- relation (Series
II) was different. On Session 35, ED was given
Test 5 and the novel comparisons were se-
lected. Some preference between novel com-
parisons was then found in Test 6. The next
Test 5, therefore, pitted a nonpreferred novel
comparison against an S-. The nonpreferred
novel comparisons were selected, nevertheless.

DISCUSSION
These findings suggest that matching with

derived arrays is controlled by both derived
sample-S+ and sample-S- relations. The 11
of 12 subjects who showed control by derived
relations also selected the derived S+ stimuli
when novel comparisons were available, and
selected novel comparisons when derived S-
comparisons were present. Thus, dual control
by sample-S+ and sample-S- relations is not
restricted to sample-comparison relations di-
rectly trained or their symmetrical counter-
parts, such as were studied in Experiment 1.
However, the results of Tests 1 and 2 for

MP and LM suggest that there are circum-
stances where sample-comparison symmetry
will occur without the development of control
by derived stimulus relations. Further, the
relationship between control by trained sam-
ple-comparison relations and control by sym-
metrical and derived stimulus relations is un-
clear. MP demonstrated symmetry during the
first Test 1, but showed no control by sample-
S+ and sample-S- relations. During Test 3,
LM selected derived S+ comparisons when
novel comparisons were present, yet only after
repeated training and testing evidenced con-
trol by derived stimulus relations in Test 2
and control by the derived sample-S- rela-
tion during Test 5.

GENERAL DISCUSSION

Stimulus Control of Arbitrary
Matching-to-Sample

Developmentally delayed adolescents learned
arbitrary matching-to-sample with visual stim-
uli. Contrary to research with pigeons (Gray,
1966; Hogan & Zentall, 1977; Rodewald, 1974)
and nonhuman primates (Sidman et al., 1982),
the present findings demonstrate that humans
learn several stimulus relations besides the
explicitly taught conditional relations between
samples and comparisons. At one level of anal-
ysis, Experiment 1 demonstrated that the
trained relations were symmetrical: following
acquisition of A-B matching, the subjects cor-
rectly matched B-A arrays. A similar symmetry
was found in Experiment 2: e.g., subjects
taught A-B, C-B matching (Group 1) correctly
matched B-A and B-C arrays. Experiment 2
extended this finding and showed that derived
stimulus relations gained control under three
derivation paradigms. After establishing the
relation between A as sample and B as compar-
ison in all subjects, control by derived rela-
tions developed by training C as a sample for
Comparison B (Group 1), as a comparison for
Sample A (Group 2), or as a comparison for
Sample B (Group 3). The existence of derived
controlling relations was verified by appropri-
ate matching on A-C and C-A, B-C and C-B,
and A-C and C-A tests. These results replicate
previous demonstrations of symmetry (Sidman
et al., 1982) and derived matching with hu-
mans (Dixon, 1978; Dixon & Spradlin, 1976;
Lazar, 1977; Sidman, 1971; Sidman & Cresson,
1973; Sidman et al., 1974; Sidman & Tailby,
1982; Spradlin et al., 1973; Spradlin & Dixon,
1976).
Arbitrary conditional-stimulus relations may

be considered stimulus-equivalence relations
if the samples and comparisons prove to be
interchangeable under tests of reflexivity, sym-
metry, and transitivity (Sidman et al., 1982;
Sidman & Tailby, 1982). Reflexivity, or gen-
eralized identity matching (e.g., matching Al
to Al, A2 to A2, etc.), was not assessed; how-
ever, the present results confirmed the func-
tions of symmetry and transitivity. Transitivity
is demonstrated by performance satisfying the
following statement: if relations A-B and B-C
control, then the derived relation A-C must
also control. This, of course, was the derivation
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paradigm of Group 3 in Experiment 2. The
derived performances of Groups 1 and 2 actu-
ally confirmed both symmetry and transitivity
(Sidman et al., 1982; Sidman & Tailby, 1982).
For example, having learned A-B, C-B match-
ing, Group 1 demonstrated the derived rela-
tions A-C and C-A. The relation C-A is ac-
counted for on the basis of symmetry between
A-B and B-A, and transitivity of C-B and B-A.
Likewise, given that the relation B-C is sym-
metrical with C-B, then A-C occurs via the
transitivity of relations A-B and B-C. A sim-
ilar analysis applies to the B-C and C-B deriva-
tions demonstrated by Group 2 after learning
A-B, A-C matching. The results of Experiment
2 suggest that (given reflexivity), training the
arbitrary relations under the three derivation
paradigms established two classes of equivalent
stimuli (viz., AlBlCl and A2B2C2): each
member of a class could function either as
sample or comparison for any other member
of the class. The comparable efficacy with
which the three procedures of Experiment 2
generated derived stimulus control comple-
ments previous analyses using similar para-
digms (Lazar, 1977; Sidman, 1971; Sidman &
Cresson, 1973; Sidman et al., 1974).

In contrast to the findings of Spradlin et al.
(1973), also with human subjects, the present
results demonstrated that derived controlling
stimulus relations between B and C were re-
liably achieved by training A-B, A-C matching.
Spradlin et al. reported that two of three sub-
jects failed to show derived stimulus control
under this paradigm. Unlike the Spradlin et
al. study, however, the present investigation
maintained criterion-level A-B performance
while A-C matching was trained and the sub-
sequent B-C and C-B derivation tests were
conducted. Thus, the development of derived
stimulus control did not depend upon stimu-
lus relations established only during previous
sessions. Interweaving training and testing
trials within a session may have been impor-
tant in establishing derived stimulus control,
a notion worthy of systematic study.
Sample-comparison symmetry may be neces-

sary for the development of control by de-
rived sample-comparison relations (Jenkins,
1963). The results of Experiment 2 lend some
credence to this view: all subjects who showed
derived stimulus control also showed sym-
metry, a finding similar to Sidman and
Tailby's (1982). Sidman et al. (1982) also found

that nonhuman primates demonstrated neither
symmetrical nor derived relations. However,
the results of MP and LM demonstrated that
symmetry and derived relations are not per-
fectly correlated. Thus, control by symmetri-
cal relations appears insufficient for the
development of control by derived sample-
comparison relations. Whether this finding re-
flects some basic difference between symmetri-
cal and derived relations or procedural factors
is an open question (Sidman & Tailby, 1982).
Successful symmetry may indicate a kind of
compound-stimulus control by sample-compar-
ison relations, the elements of which are still
present during the test. That is, the training
and testing arrays differ only with respect to
the positions of samples and comparisons (e.g.,
train A-B, test B-A). In derivation tests, how-
ever, the linking stimulus (e.g., A) common to
the two stimulus relations (e.g., A-B, A-C) is
not available for direct comparison during
testing (e.g., B-C, C-B).

Previous studies demonstrated that derived
stimulus control was not an immediate occur-
rence for all subjects (Dixon & Spradlin, 1976;
Lazar, 1977; Spradlin & Dixon, 1976). Ex-
tended testing or explicit training on sym-
metrical relations over several matching proW
lems may be necessary to produce derived
stimulus control with some subjects. Contin-
ued training and exposure to the derivation
tests may have been responsible for LM's cri-
terion-level test performance. Likewise, had an
attempt been made to maintain symmetrical
matching during the derivation tests, MP
might also have shown derived stimulus con-
trol. However, as Lazar (1977) noted, arbitrary
matching might be learned simply by rote
without the development of equivalence rela-
tions. Stimulus-response chains or discrimina-
tions based on trial configurations might also
be learned (Carter & Werner, 1978). Unfortu-
nately, evaluation of these alternatives was
precluded in the present study, and previous
research fails to shed light on these questions.
An understanding of the stimulus and proce-
dural variables that may contribute to the pro-
duction of derived stimulus control could be
important both theoretically and pragmati-
cally. Since extra-experimental learning his-
tories are obvious variables with older, more
competent subjects, future research might
profitably focus on persons who evidence se-
vere linguistic deficits (cf. Dixon & Dixon,
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1978). Except for MP, all of the present sub-
jects were relatively proficient in expressive
language. They frequently engaged in spon-
taneous conversation with the experimenter
and related detailed accounts of past and
future activities. MP, however, displayed
neither spontaneous expression nor vocal imi-
tation.

Control by Sample-S+ and
Sample-S- Relations
Demonstrated sample-comparison symmetry

and derived matching suggest that a rather
complex form of instructional control was es-
tablished with the present subjects. Further
testing elucidated some of the factors that may
have contributed to such control. As in iden-
tity matching with children (Dixon & Dixon,
1978), the present arbitrary matching involved
the development of control by both sample-S+
and sample-S- relations. Applying the analysis
of Cumming and Berryman (Berryman et al.,
1965; Cumming & Berryman, 1961; Cumming
et al., 1965) to the current data, the sample
stimulus served a dual function: it determined
which stimulus was S+ and also which stim-
ulus was S- (given a novel comparison as the
alternative). Evidence for this dual function
of the sample was obtained for the trained
A-B and symmetrical arrays (Experiment 1)
and for derived arrays as well (Experiment 2).
Preference tests showed that comparison se-
lections were controlled not by the samples
alone, but by the relations between samples
and positive and negative comparisons. Again,
these findings contrast with available pigeon
data (Carter & Werner, 1978). The demonstra-
tion of control by sample-S+ and sample-S-
relations provides a beginning determination
of the extent to which the stimuli comprising
an equivalence relation are in fact equivalent.

Several factors might have encouraged the
observed control by sample-S+ and sample-S-
stimulus relations and should be considered in
future research. Most notable are the explicit
verbal instructions and differential feedback
during training. Would purely contingency-
shaped matching yield control by stimulus re-
lations comparable to that prefaced by verbal
instructions? Another question concerns the
role of the novel comparisons during tests for
the sample-S- relation. It might be argued
that the present demonstration of control by
sample-S- relations resulted at least in part

from a tendency to select novel over familiar
stimuli (Dixon & Dixon, 1978). However, such
a tendency should have been minimized by ex-
posing the subjects to the preference tests be-
tween novel stimuli both before and after tests
for control by sample-S- relations. In addi-
tion, Dixon and Dixon (1978) demonstrated
control by sample-S- relations when the al-
ternate comparison was also familiar (rein-
forced) but from a different set of training
stimuli, thereby controlling for any respond-
ing to "novelty" attributable to a history of
nonreinforcement.

Future research might also focus on the role
of the comparisons in controlling selections of
novel stimulj.-There are data suggesting that
the sample-S- relation is but one source of
control over selections of novel comparisons.
Humans may also avoid selecting trained com-
parisons when they are presented with novel
samples along with novel comparisons. For
example, Dixon (1977), after training relations
between spoken words and objects, probed
with trials involving a trained choice object,
an untrained spoken word, and an untrained
choice object. This and other test conditions
demonstrated that subjects consistently se-
lected the untrained object. Similarly, research
in language comprehension suggests that hu-
mans tend to avoid a "known" choice when
given a novel spoken word and a novel refer-
ent as the other choice (Vincent-Smith,
Bricker, & Bricker, 1974). These results sug-
gest an additional analysis of stimuli com-
prising equivalence relations. Subjects having
learned an A-B relation would be expected to
select novel comparisons over trained com-
parisons given arrays of the type: Nl(Bl, N3),
N2(B2, N4). And if the A and B stimuli are
indeed equivalent, then one would expect the
same degree of control over selections of novel
comparisons when the A stimuli were used as
comparisons: e.g., Nl(Al, N3), N2(A2, N4).
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