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Generalized Instructional Control and the Production of
Broadly Applicable Relational Responding

Barry Lowenkron and Vicki Colvin
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Two experiments examined the performance of preschool children in tasks requiring the gener-
alized matching of faces to faces and names to faces under the control of instructional stimuli
(background color) that specified the basis by which faces were to be matched on a given trial.
The children first learned to recite all the names, and to select all the faces, in a fixed order (the
forward order). They then learned to select the faces in response to their spoken names. When
the faces appeared on a white background, subjects selected the face named. On a gray back-
ground, they selected the face whose name was next forward. Subsequently, over a series of
tests, when subjects were presented with novel, but similar stimuli with the same names, and
with completely novel stimuli with novel names, control by the white and gray background col-
ors generalized. In the second experiment, on trials with the gray background, when the face
bearing the next-forward relation was not present, the children learned to select an appropriate
substitute (two faces forward). This performance also generalized to novel stimuli. Together
with earlier findings, these data suggest that widely generalized relational matching perfor-
mances may arise because the labels for these relations are generically and metaphorically
extended tacts.

If subjects are instructed to select stimuli
bearing a specific relation to a sample, and
they understand the instruction, they would
be expected to continue to select in accord
with the instructed relation even when pre-
sented with novel stimuli. This generalized
relational matching could be based on spa-
tial dimensions such as length, area, and
distance, wherein subjects are instructed to
find stimuli that were longer, shorter, big-
ger, smaller, nearer or further than a sam-
ple, but it would also be expected with non-
spatial relations such as order (before/
after), and numerosity (more/less).
Generalized relational matching may

also occur where the instruction applies
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across a variety of different dimensions.
Thus, the relation lower can be applied to
the intensity, value, strength, or pitch of
various stimuli. And so, if subjects are told
to select stimuli lower than the sample,
their generalization to selections of the
lower pitch, value, strength, or intensity
would not be unexpected.

In these examples the instructed rela-
tions transcend the individual instances.
Almost certainly it is for this reason, this
lack of attachment to specific instances,
that the sources of generalized relational
matching tend to be seen to exist not
within the stimuli selected (Skinner, 1969),
but rather as an entity, concept, or schema
(Bruner, Olver & Greenfield, 1966; Inhelder
& Piaget, 1964), stored within the subject.
As a result, the appearance of generalized
relational matching is commonly viewed
as an expression of relations stored,
grasped, understood, or otherwise compre-
hended by the subject; and the instructions
that specify these relations are viewed as
names or labels that evoke these stored
relations.
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For the behavior analyst, the problem
these reifications present is self-evident; it
prompts the question of how to character-
ize generalized relational matching with-
out according the relations ontological sta-
tus. In one such account (Sidman, 1986),
instructional control is seen as a property
of the 5-term contingency. In this case,
instructional stimuli modify the effect of
the sample in evoking a selection response
to the appropriate comparison stimulus as
a result of reinforced practice for such
selections.
Such an account, however, encounters

serious difficulties in explaining any kind
of generalized relational matching with
novel stimuli, because it must resort to
some kind of transpositional responding
along the physical dimensions of the stim-
uli (Spence, 1937). Given the restriction of
this phenomenon to physical dimensions,
and the demonstrated limitations of trans-
position (i.e., the distance effect) (Kendler,
1950), such an account is not convincing to
begin with, becomes less so when the
transposition must come under instruc-
tional control, and looses all applicability
when applied to stimuli which do not vary
on continuous dimensions such as faces
and names.
An account that is appropriate to stimuli

of this latter sort is offered by Hayes (1991)
and by Steele and Hayes (1991). They sug-
gest that generalized relation matching
involves arbitrarily applied relational respond-
ing, based on relational frames that arise as
the product of a particular history of train-
ing in language-capable subjects. The
nature of this history has, however, not
been clearly delineated
There is another possibility: one that

does offer an explicit account of general-
ized relation matching. The purpose of the
research reported here is to further
develop this account. In an earlier study,
Lowenkron (1989) identified a set of com-
ponent responses that supported general-
ized relational matching under instruc-
tional control. In this study, young
children were trained to select line lengths
longer than, shorter than, or identical to a
sample line; depending on the instruc-

tional control exerted by the background
screen color. As the components of this
performance were trained, their cumula-
tive effect on generalization was examined.
The performance involved a delayed-

matching task. Children were first taught
to respond to horizontal line lengths by
setting a plastic compass to fit the ends of
the lines. The children were also trained to
subsequently transform the compass set-
tings as a function of the screen color. On
green, they made the compass setting one
size larger, on blue, they left it unchanged,
and on red, they made the setting one size
smaller. Subjects were also trained to then
select a line from a set of comparisons by
finding one that fit the current compass set-
ting without further changing the setting.

Generalization was then measured with
two sets of novel stimuli. The first set con-
tained rectangles of differing widths. This
set was expected to allow for primary stim-
ulus generalization from the horizontal
line lengths trained initially, and thereby
allow generalized matching. That was
found. The second set contained stimuli
that were all of the same size, but each
stimulus contained a pair of dots separated
by different distances. In this case, accurate
matching did not appear. However, after
the subjects learned to set the compass to
the distance between dots, generalized
instructional control over the selection of
stimuli with dots nearer than, further than,
or the same as the dot-pair in the sample,
appeared immediately.
On some trials in these tasks, the com-

parison specified by the current sample
and background color was not presented.
Under these conditions subjects were
taught to make a second transformation of
the compass setting, still under the control
of the background color, and find a com-
parison appropriate to the new compass
setting. The comparison selected thus bore
a constant relation to the sample even if it
was not the comparison initially specified
by the sample and the instructional stimu-
lus. This constant-relation matching was
also found to generalize across stimulus
sets and instructional stimulus conditions.
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Thus, a highly generalized relational
matching performance was produced.

Several aspects of the stimulus control
developed in these performances deserve
scrutiny. First, the mechanism by which
comparisons were selected. As described
earlier, the compass settings did not
merely serve as SDS for a specific compari-
son selection, but entered into a more com-
plex form of stimulus control over compar-
ison selection. Thus, by requiring the
children to select the comparison that (a) fit
the current compass setting while (b) main-
taining that setting unchanged, compari-
son selection responses were placed under
the joint control of two sources of stimulus
control. Previous studies involving a vari-
ety of response topographies have shown
that bringing comparison selection under
this form of stimulus control consistently
produced generalized identity matching
(Lowenkron, 1988) and generalized rela-
tional matching with novel stimuli as soon
as accurate tacts for these stimuli were
acquired (Lowenkron, 1984).
The second aspect to consider is the

means by which relations between sample
and comparison stimuli were controlled:
they were trained as simple discriminated
operants. The colors red, blue and green
respectively specified the relations larger,
same and smaller only in the sense that they
controlled responses that transformed the
compass setting to one size larger, left it
unchanged, or made it one size smaller.
Similarly, the failure to find the compari-
son specified by the sample produced con-
stant-relation matching only through its
control over the transformational response.
Since none of these features depended on
any characteristics particular to the stimuli
being selected, the transformational
responses, and their controlling instruc-
tional stimuli, generalized across all stimu-
lus sets - thereby supplying the basis for
generalized instructional control.
Probably the most pressing issue these

data raise concerns the validity of using
overt mediating behavior to simulate ordi-
nary behavior. As a step toward answering
this question, the current study replicated
features of the earlier study, (Lowenkron,

1989) but used vocal, rather than physical,
mediating behavior. To do this, nursery-
school children were trained to tact each
face in a set with its name, and also to
recite the names in a fixed order (i.e., as an
intraverbal). They also learned to select the
faces in response to spoken names as a
function of the current screen color. On a
gray background, they selected the face
whose name was next forward from the
sample. On a white screen they selected
the face named as the sample. On some
forward-matching trials, the named face
did not appear, and here the subject had to
select a face two names forward. Thus, the
transformational responses that produced
relational matching were brought under
the control of two stimuli: background
color and the absence of a specified stimu-
lus (Lowenkron, 1992). The conditions
under which this relational matching per-
formance generalized to novel stimuli, so
as to become broadly applicable, were then
examined.

EXPERIMENT 1

METHOD
Subjects

One boy (SR) and 3 girls (AG, BB, JM)
from the university day-care center served
as subjects because children of this age
were assumed to be less likely to have
acquired relevant skills preexperimentally.
All subjects were between 4-4 and 5-0
years old with a mean age of 4-6 years.

Apparatus and Setting

Apparatus. Stimuli were presented by a
Commodore 128DI computer on a 45 cm
Amdek II color monitor. The monitor-
screen locations touched on each trial were
measured by a touch-sensitive screen
(Personal Touch Corp. IBM@ analog model)
through an interface modified for the com-
puter.

Setting. Sessions were run in a small,
quiet room at the day-care center. The
child sat at a table 59 cm high, facing the
monitor. The experimenter sat to the right
of the child in front of the computer key-
board. An observer sat behind the child.
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Stimuli and Consequences

Stimuli. The training-set stimuli con-
sisted of the names and faces of five char-
acters (Figure 1, panel A). In different parts
of training, the characters were either dis-
played on the monitor screen or drawn in
black on separate 7.5 by 13 cm cards. The
stimuli of Transfer Set 1 consisted of the
same names with the five characters shown
in a full-body view. Transfer Set 2 con-
tained five new characters and names. In
all cases the characters measured 4.0 cm
high by 3.5 cm wide on the monitor screen.
During the auditory-visual matching

phases of the procedure, each trial began
when a 2.0 cm black square appeared at
the center of the monitor screen and a
vocal sample, the character's name, was
said once by the experimenter. During
visual-visual matching, a character
appeared as the sample. On both types of
trials, when the subject touched the sample
(black square or character) it was removed
and replaced immediately (zero-delay
matching) by four comparisons selected
from the same stimulus set as the sample,
with one comparison in each corner of the
screen. Where subjects did not select a
comparison within approximately 10 s,
they were prompted to "pick one."

Baseline and test blocks. Both baseline and
test blocks consisted of 12 matching trials.
Baseline blocks contained 12 trials with stim-
uli from the training set. Each training-set
character appeared on at least two trials as
the sample. Test blocks contained four trials
with the training-set stimuli (Trials 1, 4, 8
and 10), interspersed with eight trials with
Transfer Set (1 or 2) stimuli. Each transfer-
set character appeared at least once as a
sample.

Consequences. In both kinds of blocks,
reinforcement was only available for cor-
rect responses on Trials 1, 4, 8, and 10 (the
consequated trials). Responses during the
other eight trials within each block had no
immediate consequences (but see below)
except to produce the beginning of the next
trial. Incorrect selections on the conse-
quated trials resulted in a 3-s screen black-
out followed immediately by the next trial.

In both kinds of blocks, the first correct

selection on a consequated trial was fol-
lowed by a 2-s tone, while the Sesame
Streete character Big Birdg appeared at the
location of the correct comparison. Then
the screen cleared to a white background,
and a string of 12 colored circles, or "cook-
ies," appeared from left to right across the
upper portion of the screen. A little boy
appeared to the right of the rightmost
cookie. Touching the screen at the location
of the boy caused him to move to the left
and pick up one cookie.

Subsequently, after correct selections on
consequated trials, the string of remaining
cookies was presented and the boy, when
touched, picked up one cookie for the cor-
rect response on that trial. In addition, the
boy remained on the screen to be touched
again to pick up one cookie for each correct
selection made on an unreinforced trial (2,
3, 5, 6, 7, 9, 11, 12) since the last conse-
quated trial. To collect cookies owed for
correct selections on trials 11 and 12, and
because 12 correct selections were required
to gain all the cookies, additional trials
were presented by repeating the block
until all the cookies had been collected.

This procedure, though complex, had
certain advantages: On baseline blocks,
subjects learned to respond without contin-
uous reinforcement, and on tests, despite
the fact that no response on a trial with
transfer-set stimuli was reinforced, the
overall reinforcement rate was correlated
with the rate of accurate selections.
Generalization was thus measured without
immediate reinforcement.

After the 12th cookie was picked up, the
procedure was ended, and the subject
chose a sticker from among those lying on
the table. On tests, if this occurred before
the 24th trial, the appropriate block was
presented again from the beginning. Thus,
in test blocks, where trials of different
types were interspersed, this affected the
number of trials of each type that a subject
was actually exposed to. The exact compo-
sition of the trial types given each subject is
presented in their data.

Training criteria. Sessions were con-
ducted three times per week and lasted an
average of 30 minutes. The standard train-
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(A) Training Set

Transfer Set 1

Transfer Set 2
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R_ E'.%

(1) (2) (3)..

E~~~~~~~~~~~~~~~~~~~~~~ I __.
(4) (5) (6)

(C) Constant-Relaton Matching ~ ~ ~ mffi~

Fig. 1. Stimulus sets and matching tasks. (A) Stimulus sets for training and generalization (Transfer Sets 1 and 2).
The shapes in the training set and Transfer Set 1 are named Bob, Carrie, Claude, Doug and Ella. In Transfer Set 2
they are Dan, Tom, Pete, Mike and Joe. The stimuli in all sets are shown (left to right) in the forward order. (B) Array
training. (C) A constant-relation matching trial. The gray background specifies the forward-order matching relation.
(1) Sample presentation. (2) The transformation array as it first appears given Claude was the sample. (3) The array
after the subject has correctly transformed to Doug. Subsequently pressing the rectangle below the array produces
(4) the comparisons. Upon failing to locate Doug the subject presses the center rectangle to reproduce the array for a
second transformation. (5) The array after a second transformation is made. (6) Subsequently, pressing the rectangle
produces the comparisons. They contain the comparison (Ella) specified by the second transformation.
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ing criterion required 11 correct matches in
one baseline block (12 trials). In training
sessions, previously taught behavior was
reviewed and, where necessary, retrained
to this criterion before new behavior was
trained.

Test sessions contained no more than
four blocks. The first block was always a
baseline block. If the standard training cri-
terion was not reached during the first or
second presentation of this block, two
more baseline blocks were provided for
practice, and the session ended after
approximately 48 trials. If the standard
training criterion was achieved within the
first two blocks, two runs with an appro-
priate test block were presented to provide
a minimum of 24 test trials: eight with the
training set, and 16 with the transfer set
stimuli. All touch-screen inputs, and the
stimuli present at the locations touched,
were recorded by the computer.

Observer reliability. On the first test, sub-
ject's verbalizations were recorded by both
the observer and the experimenter.
Agreement was found be 100%, and so in
subsequent tests the subjects' verbaliza-
tions were recorded by the observer alone.

Procedure

A detailed summary of the procedures is
provided in Table 1. Subjects were first
taught to tact the five faces. They then
leamed to recite these names (an intraver-
bal) and to select the faces, in a fixed order.
Next, in an auditory-visual matching task,
the experimenter provided spoken names
as samples, and the children were taught
to select from four faces. When the screen
color was white, they selected a face with
the same name as the sample. When the
screen was gray, they selected the face
next-forward in the fixed order. The capac-
ity of this performance to generalize was
then measured over a series of tests. The
first two tests measured generalization of
the performance to similar stimuli before
and after subjects were taught to tact the
faces. The next test measured generaliza-
tion to non-similar (i.e., novel) stimuli after
tacts for these stimuli were taught, and the
last two tests looked at generalization of
the performance to visual-visual matching
where spoken the sample names replaced
by visual stimuli (the faces).

Tact training. In -this phase, subjects
learned to tact the training-set characters.

Table 1

Training and testing procedures in experiment 1.

Procedure Stimulus Set Sample

Tact training Training Set

Forward transformation training Training Set

Instructional control training Training Set

Generalization Test 1 Transfer Set 1 spoken

Tact training Transfer Set 1

Generalization Test 2 Transfer Set 1 spoken

Tact training Transfer Set 2

Forward Transformation training Transfer Set 2

Generalization Test 3 Transfer Set 2 spoken

Train matching with visual samples Training Set

Generalization Test 4 Transfer Set 1 picture

Generalization Test 5 Transfer Set 2 picture
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Initially Bob and Carrie were presented on
the monitor screen, one at a time, with a
white background. The experimenter said
the name (i.e., Bob) and then prompted the
subject to repeat it ("Who is this?"). The
remaining characters were added to the
pair, one at a time. Training continued
until the subject correctly tacted all the
characters four times consecutively.

Forward-transformation training. This pro-
cedure trained subjects to repeat the names
of the training-set stimuli in the forward
order by transferring from tact control to
intraverbal control (Partington & Bailey,
1993). The names, in order, were Bob,
Carrie, Claude, Doug and Ella. To train
subjects to emit the names in this order as
an intraverbal, the experimenter laid out
the 7.5 by 13 cm cards on the table with the
faces in this order, left to right. The subject
was then asked "Who's first?" at the first
character, and "Who's after?" at each sub-
sequent character, to prompt the subject to
tact them. After all five characters were
tacted, the cards were moved so that an
increasing fraction of each face (except the
first), was overlapped by the adjacent card,
and the procedure was repeated. This pro-
cedure continued until the subjects could
name all five characters with the faces hid-
den - presumably as an intraverbal.
The next procedure trained the subjects

to select the faces in the correct order. All
five faces were presented in random loca-
tions on the monitor screen: three across
the top and two across the bottom, on a
gray background. The cards were again
laid out in the forward order on the table
for the subject to refer to. The experimenter
then prompted the subject (Who is first?
Who is next?) to tact each character and
touch the corresponding face on the moni-
tor. After all five faces had been touched,
they were redistributed to new positions
on the screen. Over trials, the cards were
again gradually overlapped and finally
removed. Training continued until the sub-
ject correctly tacted and selected the faces
on the screen in the correct order through
five redistributions.
Each correct selection of a face was rein-

forced with 3 s of music from the computer

and occasional verbal praise. Incorrect
selections resulted in a 2-s screen black-
out; when the faces reappeared, the experi-
menter prompted "It was (last name emit-
ted), who's after?"

Instructional control training. This phase
taught subjects to match the training-set
faces to spoken names (auditory-visual
matching) under instructional control.
Subjects were taught to select the character
named as the sample (referent match)
when the background was white, and to
select the character whose name was next-
forward from the sample when the screen
was gray.

In the first stage of training, a face was
presented at the center of the monitor
screen with a gray background. When the
experimenter prompted ("Who is that?"),
the subject tacted the face and touched it to
produce the comparisons. The experi-
menter then asked "Who's after?" to
prompt the subject to (intraverbally) trans-
form the sample tact by saying aloud the
next name forward in the forward order
(an intraverbal), and then select the com-
parison so tacted.

In the second stage, still with a gray
background, a black square replaced the
sample face (auditory-visual matching).
Now the experimenter said the sample
name for the square (i.e., "That's Bob.")
The subject then repeated the name,
touched the square to produce the compar-
isons, and the procedure continued as in
the prior stage.

In the last stage, half of the trials con-
tained a white background and half a gray
background, presented irregularly. To
ensure these background colors were dis-
criminated, subjects were required to begin
each trial by tacting the background color.
When the subject accurately tacted the
color, the experimenter said the sample's
name. When the subject repeated the name
and touched the black square, the compar-
isons appeared. On referent-matching tri-
als (white background), the selection
prompt asked "Where is (sample name)?"
The subject had to repeat the name again,
and then select the comparison it tacted.
On forward-matching trials (gray back-
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ground) the prompt was "Who's after?"
The subject had to provide the next name
forward in the trained order, and then
select the comparison it tacted. Correct
selections were reinforced by music and
stickers. Incorrect selections resulted in a
2-s screen black-out followed immediately
by the next trial. Over subsequent trials,
the prompts were faded to a 5-s delay and
then omitted.

In the last stage of instructional-control
training, the baseline block was repeatedly
presented. Training continued until the
standard training criterion with the base-
line block was reached in two consecutive
training sessions. This auditory-visual
matching performance constituted the
baseline for Test 1.

Test 1. This test measured the generaliza-
tion of auditory-visual referent and next-
forward matching to Transfer Set 1. In the
next session, after again reaching the stan-
dard training criterion with a baseline
block, two test blocks were presented. The
number of trials of each type is indicated in
the data for each subject (Figure 2).

Tact training for Transfer Set 1. The tact-
training procedure described previously
was applied to the characters of Transfer
Setl.

Test 2. The procedures described for Test
1 were repeated.

Tact training and forward-transformation-
training for Transfer Set 2. The tact training
and forward-transformation training pro-
cedures were applied to Transfer Set 2
(Figure 1, panel A).

Test 3. The procedure described for Test
1 was repeated, but here the test blocks
contained names and faces from Transfer
Set 2.

Train matching with visual samples. In the
next session, the black squares and spoken
samples were replaced by the correspond-
ing faces of the training set. Both matching
relations and their respective instructional
stimuli, the gray and white backgrounds,
were maintained, but in all subsequent
tests and training procedures, the experi-
menter no longer provided the sample's
name; rather, the subject had to tact the
sample face and press it in order to pro-

duce the comparisons. On all training-set
trials (but not on test trials), a correct sam-
ple tact was required. If the wrong tact was
given, the subject had to correct it for the
trial to continue. This change from audi-
tory-visual to visual-visual matching
changed the referent matching perfor-
mance into identity matching.

Training continued to the standard train-
ing criterion in two consecutive sessions.
Behavior on this task constituted the base-
line for Test 4.

Test 4. In the next session, after the sub-
ject reached the standard training criterion
with the baseline for Test 4, two test
sequences with Transfer Set 1 were pre-
sented to measure generalized identity and
next-forward matching with visual sam-
ples. Thus, the first test trial here was the
very first time the transfer-set faces ever
appeared as samples.

Test 5. In the next session, the proce-
dures described for Test 4 were repeated,
but with the stimuli of Transfer Set 2
replacing Transfer Set 1.

RESULTS AND DISCUSSION

Before Test 1, no tacts had been trained
for the stimuli of Transfer Set 1, and so
generalized matching with these stimuli
depended on primary stimulus generaliza-
tion based on the features they had in com-
mon with the training set. Despite this
(Figure 2), in Test 1, subject BB showed
complete transfer of instructional control,
making appropriate selections on both ref-
erent and next-forward trials with Transfer
Set 1. With JM, instructional control was
maintained with the training set, even as
the subject made referent matches on
almost all of the referent matching and
next-forward trials with the transfer set.
The spoken names thus controlled compar-
ison selection here, even though instruc-
tional control did not generalize. In con-
trast, subjects AG and SR, showed little
generalized matching.

After the subjects had learned to emit the
tacts for the transfer set stimuli, and gener-
alization was retested in Test 2, instruc-
tional control over the matching relations
with Transfer Set 1 improved in subject JM.
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(Because of the high accuracy in Test 1, BB
was not given Test 2.) In contrast, subject
SR improved in referent matching, but like
JM in Test 1, appeared to loose instruc-
tional control with the novel stimuli: mak-
ing referent matches on all next-forward
trials with Transfer Set 1 even while
instructional control was maintained with
the training set.

Since the samples were spoken words,
these errors cannot be attributed to the sub-
jects' reliance on the physical identity of
samples and comparisons. Rather, it would
appear that on these trials the subjects
failed to transform the sample name to the
next-forward name; selecting instead the
comparison named by the experimenter.

This reversion to referent matching on the
forward-matching generalization trials
replicates data reported in two earlier stud-
ies (Lowenkron, 1984, 1989). In both of these
studies, after the subjects learned to select
various relations under instructional con-
trol, their performance often reverted to
identity matching on trials where novel
stimuli were introduced. Direct measures of
the overt mediating responses trained in
these studies revealed that these errors
resulted from the subjects' omissions of
transformational responses. These data thus
suggest that in the current experiment as
well, the loss of instructional control over
relational matching in subjects SR and JM
may have been the result of a loss of instruc-
tional control over a specific operant: the
intraverbal transformational behavior.
With subject AG, instructional control on

generalization trials also appears to have
been lost in Test 2. But in contrast to SR
and JM in Test 1, this subject selected the
next-forward comparison on almost all
generalization trials; thereby illustrating in
a different way that the sample stimuli and
the instructional stimuli each had an inde-
pendent role in comparison selection, and
that they thus did not function as condi-
tional stimuli acting as members of a
higher-order contingency.
When the names and the forward-list

order were trained with Transfer Set 2,
high levels of generalized instructional
control appeared in Test 3 despite the fact

that these trials provided the first opportu-
nity for the subjects to respond to the stim-
uli in this set by selecting them rather than
by tacting them. This suggests that the loss
of instructional control seen in Test 2 was
due more to the introduction of the novel
stimuli of Transfer Set 1 without warning
than to any loss of stimulus control over
selection. Apparently, with this novelty
worn off, subjects were able to match accu-
rately in Transfer Set 2 from the very first.
When visual samples were introduced in

Test 4 with Transfer Set 1, and again in
Test 5 with Transfer Set 2, subjects pro-
vided accurate tacts for the sample stimuli
and accurate matching continued without
disruption. No subject (Figure 2) made
more than three errors in either test.
Certainly the simplest explanation would
have it that the subject-provided tacts for
the stimuli replaced the experimenter-sup-
plied tacts.
Perhaps what is most interesting about

behavior in Tests 2 through 5 is the illustra-
tion it provides of how an instructional
stimulus can come to control different
kinds of matching relations even as it
maintains control over the same transfor-
mational response topographies. Thus, in
Tests 2 and 3, a white screen controlled the
selection of the comparison named by the
sample, while in Tests 4 and 5 a white
screen controlled selection of the compari-
son identical to the sample. Similarly, in
Tests 2 and 3 a gray screen evoked selec-
tion of a comparison not named by the
sample, while in Tests 4 and 5, the gray
screen evoked selection of a comparison
stimulus not identical the sample.
Taken across Tests 2-5, white might thus

be said to serve as a label for the higher-
order relation of equivalent to, while gray
signified the relation not equivalent.
Comparable performances were directly
observed by Lowenkron (1989) where two
instructional stimuli controlled overt trans-
formational responses for the spatial rela-
tions shorter than, and longer than as well as
for nearer, and further. The stimuli thus
came to function as labels for the more
general quantitative relations less and more.
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EXPERIMENT 2

The tasks used in the prior experiment
may be described as simple matching
because each sample specified a single
comparison. Prior research (Lowenkron,
1989) has demonstrated, however, that the
performances described here have the
capacity to generalize to more complex
tasks.
One such task is constant-relation match-

ing. In this task, on trials in which a com-
parison bearing a specified relation (i.e.,
next size larger) is not found, the subject
must select, from among the comparisons
available, the one closest to the specified
relation (i.e., next available size larger).
Thus the relation of the search target to the
sample remains constant even if the target
itself does not. Such a performance has a
property typical of a goal-oriented behav-
ior: in the face of the failure of a search, the
subject changes the search target in a sys-
tematic fashion.

In this experiment, constant-relation
matching is trained for the next-forward
matching relation. If the properties of the
behavior trained here parallel those trained
in the prior study, it will produce a gener-
alized performance in which subjects,
under the control of instructional stimuli,
select either an identity match, or a next-
forward match. But on the latter type of
trial, if the comparison next forward in the
trained order is not found, subjects will
change the target of their search to a com-
parison two steps forward from the sample.
The next-forward transformation thus
comes under two sources of control: back-
ground color, and the absence of the ini-
tially specified comparison (Lowenkron &
Colvin, 1992).

METHOD

Subjects

All of the subjects from Experiment 1
were retained and their training continued.

Stimuli

The transformation array. As illustrated in
Figure 1 (panel B), after the sample was
pressed, a row of five 1.5 cm black squares

appeared across the center of the monitor
as a transformation array. Each square rep-
resented the training-set character which
held the corresponding position in the for-
ward order (Figure 1, panel A). In addi-
tion, a 0.8 by 3.5 cm black rectangle
appeared either below the array or at the
center of the comparisons. Pressing this
rectangle allowed subjects to toggle the
view back and forth between the transfor-
mation array and the comparisons.

Procedure

A summary of the procedures is given in
Table 2.

Array training. This procedure (Figure 1,
panel B), taught subjects to transform sam-
ples in the forward order using the visual
stimuli of the transformation array.
Training was begun in the session follow-
ing Test 5. A sample face was presented
(panel B [1]). After the subject tacted and
touched the sample, the transformation
array appeared with the sample face at the
location in the array that corresponded to
its position in the forward order. Thus, in
panel B(2), the clown, which holds the
third position in the forward order, now
appears in the third position in the array.
On forward-matching trials (gray screen

as shown here), the experimenter pointed
to the square in the array to the right of the
sample face and told the subject to press it.
Once it was pressed, the sample face was
replaced by a square and the training-set
face of the next character in the forward
order appeared in place of the square
pressed (as shown in panel B[3]). The
experimenter then asked "Who is it?" to
prompt the subject to tact the newly visible
character. Subjects were then prompted to
press the rectangle below the array to view
the comparisons (panel B[41).
When the comparisons appeared, sub-

jects were prompted to select the compari-
son last tacted. If the subject did not select
a comparison, the experimenter asked
"Who do you need?" to prompt the subject
to select the last character tacted. If the
subject could not remember who it was,
he/she was prompted to touch the rectan-
gle at the center of the comparisons. This
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Table 2

Training and testing procedures in experiment 2.
Procedure Stimulus Set Array Matching

Relations

Array training Training Set operational =, >
Train constant-relation matching Training Set operational >, >>

Generalization Test 6 Transfer Set 1 operational =, >,>
Generalization Test 7 Transfer Set 2 operational >>

Generalization Test 8 Training Set inoperative =, >, >>

Train matching with array inoperative Training Set inoperative >>

Generalization Test 9 Transfer Set 1 inoperative =,>,>
Generalization Test 10 Transfer Set 2 inoperative >, >>

Note. Referent matching, next-forward matching and constant-relation matching are indi-
cated by the symbols =, >, and >> respectively.

caused the transformation array to reap-
pear with the product of the last transfor-
mation still visible (i.e., panel B[3]). The
subject could then press the bottom rectan-
gle to toggle back to the comparisons and
make a selection.
On identity-matching trials (white

screen), when the array appeared, the sub-
ject was prompted to repeat the sample
name and press the bottom rectangle so as
to produce the comparisons without trans-
forming the array. When the comparisons
appeared, the experimenter asked "Where
is (sample name)?" to prompt the subject
to select the sample character - thus gener-
ating an identity match. Over subsequent
trials the prompts in both conditions were
faded to a 5-s delay and finally omitted.
Training continued until the standard cri-
terion was attained in two consecutive
training sessions.

Training constant-relation matching. In this
task, on some next-forward matching tri-
als, the comparison (e.g., Doug in Figure 1,
panel C[3]) specified by the first transfor-
mation was not among the four available
for the subject to select among (Figure 1,
panel C[4]). Rather, the subject had to learn
to repeat the transformation in order to
select the second comparison forward, Ella.
Because these constant-relation match-

ing trials were interspersed with simple
next-forward matching trials, they could

only be detected by the failure of a search
to find the first comparison. Therefore, on
these trials, after it was determined that the
subject could not find the first comparison
(by his answering "no" to the query "Is he
there?"), the experimenter pointed to the
central rectangle and told the subject to
"Press it to go back" (to the array). At the
transformation array, the experimenter
said "Who do you want? Press here to
see." and pointed to the square to the right
of the currently visible character -- thereby
prompting the subject to make a second
transformation (Figure 1 panel C[5]). When
the square was touched, it was replaced by
the character corresponding to that posi-
tion in the forward order while a square
replaced the last character. The experi-
menter then prompted the subject to tact
the newly visible character, press the bot-
tom rectangle to return to the comparisons,
and select one. Over subsequent trials, all
prompts were faded to a 5-s delay and
finally omitted.

Since selection did not wrap around the
end of the list, on simple forward-match-
ing trials Ella could not be the sample, and
likewise on constant-relation trials neither
Doug nor Ella were ever presented as sam-
ples.

In the final phase, training continued
with a baseline block containing identity
trials (white background) interspersed
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with simple forward and constant-relation
forward-matching trials (both on a gray
background) until the training criterion
was attained. Initially, this performance
provided the baseline for Test 6, but was
repeated later to provide baselines for
Tests 7 and 8.

Test 6. In a subsequent session, after
reaching the training criterion with the
baseline for Test 6, two test blocks were
presented to measure the generalization of
constant-relation matching to Transfer Set
1. Subjects were still required to correctly
tact each training-set sample for the trial to
proceed. Tacts for transfer-set samples
were recorded, but a correct tact was not
required for the trial to proceed. The com-
position of the trials in this test is indicated
in the data.

Test 7. After subjects reviewed the tacts
and the forward order for the stimuli in
Transfer Set 2, followed by one block at the
training criterion on the baseline for Test 6,
two test blocks with Transfer Set 2 were
presented as Test 7. Here the transforma-
tion array contained faces from Transfer
Set 2.

Test 8. This test measured matching in
the training set with the transforming func-
tion of the array made inoperative. After
again completing one block at the training
criterion on the baseline for Test 6, the test
began. Two more baseline blocks were pre-
sented. In these blocks, events in identity
matching trials remained unchanged:
Pressing the sample still produced the
array with the sample face at the correct
position, and subjects could still press the
bottom rectangle to proceed to the compar-
isons. But on the simple forward matching,
and on constant-relation matching trials,
pressing a square in the array had no effect
- the sample face in the array remained
visible, and the next face forward did not
appear.

In response to subjects puzzlement on
the first few trials, the experimenter
pointed to the correct square in the array
and asked, "Who is that?" When subjects
answered, whether correctly or not, the
experimenter pointed to the bottom rectan-
gle and told subjects to press it and thus

display the comparisons. On constant-rela-
tion trials subjects could still toggle freely
between the (inoperative) array and the
comparisons.

Training matching with the array inopera-
tive. In the next session, the performance
measured in Test 8 was trained for use as a
baseline. Subjects learned to substitute
names for the pictures in the inoperative
array. When a sample appeared, the sub-
ject tacted and touched it to produce the
array. If needed, the experimenter then
asked "What do you do?" to prompt the
subject to press the square in the array one
place to the right of the (visible) sample
character and "Who is that? to prompt the
subject to name the character (now pre-
sumably as an intraverbal, since they were
no longer visible) whose square in the
array had just been pressed. Pressing the
rectangle again produced the comparisons.
On constant-relation trials, the subject

could toggle back to the still-inoperative
array, and make a second verbal transfor-
mation - pressing the square while saying
the name of the next character forward
(presumably as an intraverbal) - before
selecting a comparison. This performance
comprised the baseline for Test 9 and later
for Test 10.

Test 9. In the next session, after reaching
the standard training criterion with the
above-described baseline, two test blocks
measured the generalization of constant-
relation matching to Transfer Set 1 with the
array inoperative.

Test 10. In the next session, after subjects
tacted the stimuli of Transfer Set 2 and
rehearsed the forward transformation with
them (both without error), the procedure
described in Test 9 was repeated, except
the test contained the stimuli of Transfer
Set 2 instead of Transfer Set 1.

RESULTS AND DISCUSSION

Using visual samples and the transfor-
mation array allowed four components of
the matching performance to be measured
directly. The first component, the sample-
coding response, was scored as correct if
the subject correctly tacted the character
appearing as the sample. This behavior is
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not reported for training-set trials, since
subjects were required to tact samples cor-
rectly for the trial to proceed. Errors here
were virtually non-existent.
The second and third components, the

two transformations, were scored as fol-
lows. On constant-relation matching trials,
the first transformation was scored as cor-
rect if the subject changed the array by
pressing the square to the right of the sam-
ple before viewing the comparisons. The
second transformation was scored as cor-
rect if, after viewing the comparisons, the
subject retumed to the array and pressed a
square immediately to the right of the one
pressed in the first transformation.
On a simple forward-matching trial, the

first transformation was still scored as cor-
rect if the subject transformed correctly
before viewing the comparisons. The sec-
ond transformation was scored as correct
if, after viewing the comparisons, the sub-
ject did not return to the array and press a
square. On an identity trial, both transfor-
mations were scored as correct if the sub-
ject left the array unchanged throughout
the trial. Where the array was inoperative,
both the spoken transformations of the
names and attempts to change the array
were recorded.
The final component, comparison selec-

tion, was scored as correct if the compari-
son selected had the same name as the
character specified by the most recent
transformation; regardless of whether or
not that transformation was itself correct.

Finally, an overall match was scored as
correct, without regard to mediating
behavior, if the comparison selected was
correct given the sample and the current
instructional stimulus. A correct match
was thus partially redundant upon the cor-
rect performance of all components, but
the effects of inaccurate performances on
two or more components could cancel to
produce a correct match.
After constant-relation matching was

acquired, accuracy remained high with the
introduction of Transfer Set 1 in Test 6
(Figure 3). The immediacy of this general-
ization indicates that subjects used the
stimulus names as a basis for transforming

and selecting. Since the array contained
faces from the training set on both training
and Transfer Set 1 trials, only pre-existing
names, common to the corresponding
stimuli in both sets, would allow subjects
to match from the very first on trials where
a transfer-set sample, a training-set array,
and transfer-set comparisons appeared.
The equally rapid generalization with the
stimuli of Transfer Set 2 in Test 7 further
attests to the generality of stimulus control
over constant-relation matching; showing
that it did not depend on any aspects
unique to the training set or to their same-
named variants in Transfer Set 1.
The accurate comparison selection on

constant-relation trials in both Tests 6 and
7 indicates a role for some form of general-
ized stimulus control exerted by the absence
of specified comparisons (See Lowenkron
& Colvin [1992] for a discussion and
demonstration of how the absence of a
stimulus may control behavior.) Thus,
although subjects had only been trained to
return to the array and transform on trials
with training-set stimuli, the performance
appeared on trials in both Transfer Sets 1
and 2 with no direct reinforcement.

Since the absence of (or alternately, the
failure to find) the specified comparison
was the only common element in these tri-
als, it seems self-evident that this event
played a role in the rapid generalization of
constant-relation matching. This general-
ization not only emulates a highly abstract
performance, but by changing the search
target on constant-relation trials, the per-
formance appears goal-oriented. Subject
sought the next available stimulus bearing
a specified relation to the sample regardless
of the particular physical characteristics of
the stimulus itself.
The continued dependence of accurate

matching on the mediating transforma-
tional behavior is illustrated by the fact
that matching errors occurred on 75% of all
trials containing a transformation error in
Test 6, 66% in Test 7, 58% in Test 9 and
40% in Test 10. Interestingly, on constant-
relation matching trials there were no dif-
ferences in the error rates for first or sec-
ond transformations.
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Fig. 3. Accuracy in performing each component behavior and in overall matching in identity (=), simple relation (>)
and constant relation (>>) matching with the training set and Transfer Set 1 in Tests 6 and 9 and with the training set
and Transfer Set 2 in Tests 7 and 10. Horizontal bars indicate the number of trials of each type where it differs from
the highest value shown on the ordinate.

The dependence of accurate matching on
accurate transformations showed up in a
different way in Test 8. Thus, when the
array was made inoperative in Test 8, per-
formance was completely disrupted, and
matching accuracy fell to random levels in
all subjects.
However, in subsequent training with

the array inoperative, accurate matching
was regained in all subjects by prompting
on no more than 6 trials. This rapid switch
back to vocal mediation suggests that the
initial disruption in Test 8 was due more to
the novelty of the event than to the loss of
any crucial source of stimulus control in

the array. Apparently, in Tests 6 and 7,
subjects had let the changing faces of the
array specify the name of the next compar-
ison face to select. That is, they were tact-
ing the faces that appeared as squares in
the array were pressed. When this source
of control was removed in Test 8, after the
initial disruption, subjects apparently
reverted quickly to the intraverbal trans-
formations they had used in Tests 1
through 5.
As illustrated in Figure 3, matching with

the array inoperative generalized to
Transfer Set 1 in Test 9. The transformation
data shown here describe the accuracy of
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intraverbal transformations, that is, the
accuracy of the name said as a square on
the now inoperative array was pressed. No
subject pressed more than one square that
was incorrect for the name emitted.
Subjects were thus able to transform by
accurately pressing and naming the correct
squares in the array without relying on the
squares to change to faces when pressed.

In Test 10, accurate matching with the
array inoperative also generalized in
Transfer Set 2 despite the fact that this per-
formance required transformations with a
sequence for which the array had never
been inoperative. None the less, subjects
immediately provided appropriate intra-
verbal transformations for the stimuli
under appropriate instructional control on
both simple and constant-relation match-
ing trials.

GENERAL DISCUSSION

The role of transformational responding

Two facts suggest that the various
matching relations seen here did not result
from the sample, comparison, and instruc-
tional stimuli acting under conditional con-
trol as parts of a five-term contingency, but
rather from the direct control exerted by
instructional stimuli over transformational
responding to the samples.

First, in Experiment 1, inappropriate ref-
erent matching (on the next-forward trials)
and inappropriate next-forward matching
(on referent trials) appeared with the intro-
duction of novel stimuli even while the
alternate matching relation with these
stimuli was retained. That this was due to
the loss of instructional control over the
transformational response is suggested by
the fact that these data replicate two earlier
studies (Lowenkron 1984, 1989) where
mediating responses were overt, and the
loss of transformational responding with
the introduction of novel stimuli was
observed directly.
A second, and more direct form of sup-

port for the role of mediating transforma-
tional responses is provided in Experiment
2 by the data, cited earlier, illustrating the
dependence of accurate matching on accu-

rate transformational responses to the
array. Taken together, these findings argue
that in the performance trained here,
instructional stimuli affected matching
solely through their control over the trans-
formational responses - both intraverbal
and array-changing.

The emergence ofgeneralized relations

The control exerted by the instructional
stimuli was not specific to transformations
with the trained stimuli: The intraverbal
recital of a list of names for training-set
stimuli (next-name forward), was first
found to generalize to the physically simi-
lar transfer-set stimuli where the experi-
menter supplied the sample names (Test 1
and 2). Later, the performance was seen to
generalize to a task in which the subjects
had to supply the sample names (Test 4).
In addition, the transformation perfor-
mance was maintained with the novel
names of the stimuli of Transfer Set 2 (in
Tests 3 and 5), and later, with both sets of
stimuli, in a task (constant-relation match-
ing) in which the occasion for an additional
transformation was supplied by the failure
to find the comparison specified by the
first transformation. The relation, after was
thus instantiated in a number of different
instances by a single transformational
operant. Thus, consistencies in the subject's
matching behavior across a variety of
tasks, which might typically be ascribed to
some conceptual relation possessed or
known by the subject, could in fact be
ascribed to the generalization of a single,
broadly applicable, transformational
response - in this case the intraverbal
recitation of a list of names.

The emergence ofgeneral labels and broadly
applicable relations

Beyond the single transformation, a
broader level of generalized application
appears when a collection of different trans-
formational responses come under the con-
trol of a common instructional stimulus.
Thus, in the present case, referential and
identity matching were controlled by a
white screen color. In terms of over-all
matching, white might be said to have
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served as a name, label or signal for the
conceptual relation same as just as the gray
background was the label for next.
But if these subjects had also been

trained in the tasks described in
Lowenkron (1989), such that the white
screen color also controlled the selection of
line lengths, rectangle widths and dot dis-
tances identical to the sample, then white
could now be said to serve as a label for
the broadly applicable relations same as or
equivalent to across a wider variety of
dimensions and tasks. Similarly, if in addi-
tion to the forward transformation trained
here, gray were made to control the next-
larger transformation in the selection of
lengths, widths and distances, then gray
could be said to be a label for the broad
relation, roughly, greater or more than. In
essence then, relations become more gen-
eral as their labels become more broadly
applicable, i.e., as more transformations, each
within its own context, come under the control
ofa common instructional stimulus.
As to the process by which additional

transformations come under the control of
a common instructional stimulus, concep-
tual analysis suggests that it could arise
from the generic extension of tacts
(Skinner, 1957, p. 91). Consider for exam-
ple, the relation lower. The tact low may be
applied to the pitch of a note, the ampli-
tude of a sound, the price of an item, or
the location of something. Skinner (1957)
suggests that these varied usages of the
word low are the result of generic and
metaphoric extension (i.e., generalization
along common, relevant or irrelevant
elements of the stimuli). In each case, a dif-
ferent response would be required to trans-
form a stimulus to conform to this label,
i.e., to lower the property (pitch, amplitude,
price or location) named, but as these dif-
ferent transformational responses are
acquired and brought under control of the
common instructional stimulus lower, it
appears that the relation lower is being
applied in an increasingly broader manner.
Thus, through the processes of tact

extension, a seemingly arbitrary collection
of diverse transformations may come
under the control of a single instructional

stimulus. When this stimulus is subse-
quently applied to a particular matching
task, it evokes the appropriate transforma-
tion response; thereby allowing the selec-
tion of stimuli bearing the relation to the
sample specified by the instruction. On this
view a set of diverse, broadly applicable
relational matching performances con-
trolled by a common label, may be
accounted for in terms of the interaction of
simple operants.
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