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Although a critical issue, and thus the target
of much investigation (Horne & Lowe, 1996;
Sidman & Tailby, 1982), the selection of ob-
jects in response to their spoken names, or to
other objects, has proven difficult to explain
in a strictly operant fashion. Consider, for ex-
ample, the ordinary account of selection within
a simple conditional discrimination. The ordi-
nary account treats the unmediated selection
of a red comparison in response to a red sample
object the same way it treats the selection of a
blue comparison in response to a red sample
(e.g., as arbitrary matching). In both cases se-
lections of appropriate comparisons in the pres-
ence of the respective samples have been rein-
forced. But the logical relation of identity that
exists between the members of the first pair of
stimuli, but not the second, is simply not rec-

ognized by this account. (Lowenkron, 1998,
2004, p. 81).

Turning from logical to semantic relations,
we find a similar problem in describing the
connection between words and objects. Thus,
if the only connection between a word and an
object is based on the unmediated selection just
described, then in word-object matching the
listener can respond to no relation between the
stimuli other than that which was explicitly
trained. And so, after a subject is trained in a
conditional discrimination to select the appro-
priate shapes in response to the phrases square
over circle and triangle over line, unmediated
selection cannot account for untrained gener-
alization to novel combinations of these words
so that listeners, with no additional training,
now select appropriate stimuli in response to
the phrases square over line and triangle over
circle. Clearly, a rationale broader than the
notion of unmediated selection is needed, and
providing the empirical basis for such a ratio-
nale is the focus of the research reported here.

In a recent article Lowenkron (1998) dem-
onstrated the utility of the notion of joint con-
trol in providing this broader rationale. Joint
control involves nothing beyond the familiar
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notions of operant stimulus control, but it does
so in cases where a single topography comes
under the (joint) control of two verbal operants.
Thus, with respect to the abstraction of iden-
tity, if a person was briefly shown an unfamil-
iar object (e.g., a small, red-and-green vase) and
after it was removed was asked to select a du-
plicate object from among a variety of similar
vases, the joint control account would say that
the subject rehearsed the object’s description
first when the object was shown, and occasion-
ally again while searching for it and, coinciden-
tally, yet again when the described object was
actually encountered. This last repetition would
then have occurred under joint control because
the topography at this moment was emitted both
as a self-echoic (a verbal operant under the con-
trol of the previously spoken instances of re-
hearsal) and (jointly) as a tact (a verbal operant
under control of the stimulus features of the
now-encountered object.)

Selecting the object that enters into this joint-
control relation thus necessarily produces an
identity match. Selection is thus freed from the
specifics of any particular stimulus. Instead,
reinforcement is contingent upon selecting the
comparison that enters into joint control. This
thereby provides a consistent basis for gener-
alized selection of the comparison identical to
the sample. Joint control, it may be said, is a
generic event, and it is this generic feature that
allows for generalized responding.

To its credit, however, beyond the logical
relation of identity the joint control account also
describes the semantic relation (i.e., meaning)
where, for example, the sample is a spoken
description of an object rather than the object
itself. But this makes no real difference: Re-
gardless of its source, the subject still rehearses
the description (initially self-generated or else
mimicked from someone else) as a self-echoic,
and can still select under joint control. Con-
ceptually, then, the notion of joint control seems
to be one of significant utility for the behav-
ioral perspective. Indeed, a broad sampling of
the role joint control plays in the conceptual
analysis of many abstract performances is pro-
vided in Lowenkron (1998).

There is, though, empirical evidence for the
functioning of joint control as well. Thus, in a
series of systematic replications, across a vari-
ety of matching tasks, all based on abstract re-
lations such as identity, larger/smaller, before/
after, and clockwise from, Lowenkron (1984,

1988, 1989) and Lowenkron & Colvin (1992,
1995) showed that the generalization of these
relational matching performances to novel
stimuli uniformly depended on first bringing
the comparison-selection response under joint
control. In contrast, where responding was sim-
ply unmediated comparison selection, subjects
showed no generalized responding with novel
stimuli. These studies, however, showed some-
thing else beside the variety of relations joint
control might mediate, because each of these
systematic replications used a different medi-
ating topography as well. These topographies
included hand signs, mechanical representa-
tions of the orientations, and lengths of stimuli
and of the distances between stimuli. The rea-
son for studying this diversity of performances
was as follows.

As Sidman (1978) has noted, stimulus-con-
trol relations cannot be observed directly, but
may only be inferred from characteristics of
the behavior they control; so it is with joint
control. There is, in fact, no way of directly
observing the effect of the two sources of stimu-
lus control (tact and self-echoic) over a com-
mon topography. One can only observe a cor-
relation between some characteristic of these
responses and an observable stimulus event.

It is for this reason that the variety of overt,
directly observable mediating response topog-
raphies was used in the series of systematic
replications cited above. Not only did these
overt replications most clearly illustrate the de-
pendence of generalized responding on joint
control, but they also provided for the most
direct observation of the component responses
that comprise joint control and thus the gener-
alized matching performance it mediates.

Thus, in Lowenkron (1988) developmentally
disabled children were trained in an identity-
matching task to tact the shape of the sample
stimuli by making directly observable handsigns
to each of four shapes. The children were also
trained to maintain unchanged (rehearse) each
hand sign across a delay interval of a few sec-
onds and then select the comparison stimulus
that evoked the currently rehearsed and un-
changed hand sign. Where any of these mediat-
ing responses did not occur, subjects invariably
selected incorrectly in a generalization tests with
novel stimuli. That is, where subjects did not
select under jointly accurate tact/self-mimetic
control, they generally failed to select the com-
parison appropriate to the current sample. The
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data were thus in accord with what one would
expect if subjects were in fact selecting com-
parisons under joint control.

In another experiment—this with young nor-
mal children (Lowenkron, 1984)—rather than
using handsigns as the overt mediators, subjects
“tacted” the spatial orientation of each sample
geometric figure by rotating a paper arrow so
that it was oriented in accord with the orienta-
tion of the axes of symmetry of the sample fig-
ure. Next, the subjects were taught to change
the orientation of the paper arrow by rotating it
90 degrees clockwise from its initial orienta-
tion, and then maintain this transformed orien-
tation (rehearsal) until they encountered a com-
parison stimulus itself in the orientation for
which this currently maintained arrow’s orien-
tation was appropriate. Subjects thus learned to
match based on the spatial relation clockwise
from. What is critical here is that accurate gen-
eralized responding once again depended on the
emergence of those mediating responses speci-
fied by the notion of joint control.

Similarly, in Lowenkron (1989), again with
young children, mediating behavior was made
directly observable when subjects were trained
to represent the lengths of lines, and the dis-
tances between points, using a mechanical
compass. Once again, accurate generalized re-
sponding involving relations such as longer/
shorter and further/nearer all depended on the
emission of the mediating behavior specified
by the notion of joint control.

In general, all of the studies indicated that
directly training the target performance (unme-
diated selection) with one set of stimuli, was
not adequate to produce generalized perfor-
mances of that behavior with other, untrained
members of the same stimulus set. Rather, these
studies showed that for generalized respond-
ing to occur, subjects had to act in accord with
the stimulus-control relations described by joint
control.

As to the studies reported here, they are in-
tended to further the applicability of the joint
control account by applying it to what is cer-
tainly the most important sort of mediating
behavior for human functioning—namely, vo-
cal behavior. Technically, of course, the prob-
lem with such behavior is that it may occur at
a covert level beyond the reach of current tech-
nology. Thus, to gain conceptual rigor, the stud-
ies reported here should be viewed as exten-
sions of the overt systematic replications re-

ported above, with close correspondences be-
tween the components of joint control (tact and
self-echoic) made overt and explicit in the ear-
lier studies, and those not directly observable
with the vocal mediation used here.

Finally, as to the overall logic of this pair of
experiments, the general idea here was to ma-
nipulate, in separate experiments, each of the
components of joint control, the tact and the self-
echoic, and thereby advance the joint-control
account by showing the function of each com-
ponent within the joint control relation. Further,
whereas the earlier experiments were designed
to make the components of joint control as di-
rectly observable as possible, the current ex-
periments were intended to make the compo-
nents as authentic as possible by using vocal,
rather than mechanical, mediating responses.

Thus, Experiment 1, while holding self-
echoic behavior constant, manipulates tact
strength by first training a conditional discrimi-
nation that requires no accurate tact perfor-
mance but also produces no generalized re-
sponding. Then, increasing amounts of tact
training are provided until generalized match-
ing occurs in the conditional discrimination,
thereby showing the relevance of tacting to
performances mediated by joint-control.

The second experiment controls for tacting
behavior while it manipulates the availability
of the self-echoic leg of joint control by vary-
ing the length of time the subject must engage
in a distracting task until the correct compari-
son appears. This demonstrates that with an
increasing length of time in which the self-
echoic cannot be practiced, the accuracy of
generalized matching falls, thus showing the
relevance of the self-echoic leg to selection
under joint control.

EXPERIMENT 1

If generalized matching does indeed require
that comparison selection occur under joint
control, and if, in turn, joint control does in-
deed depend on a subject’s ability to accurately
tact stimuli prior to selecting, then, all else be-
ing equal, generalized matching with novel
stimuli should only emerge as tacts, for these
stimuli are first acquired and then emitted by
the subject to mediate the matching task. To
study this relation this experiment examines the
correlation between the acquisition of tacts and
the emergence of generalized matching.
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To do this, subjects were first trained to se-
lect six different stimuli in response to three-
word spoken descriptions. Each word of a de-
scription was the name of a color, shape or
border feature of the stimulus. This auditory-
visual conditional discrimination training was
then followed by a test for generalized selec-
tion with six new, untrained stimuli—all com-
prised of novel combinations of the same color,
shape, and border features. After finding no
evidence of either generalized selection, nor
even any ability to reliably tact the individual
color, shape, or border features of the stimuli,
subjects were next trained, over a series of pro-
cedures, to tact these features. After each tact-
training procedure was completed, its effect on
generalized matching was assessed.

Thus, the first tact-training procedure trained
subjects to tact the color, shape, and border fea-
tures when each feature was presented alone.
In the subsequent test it produced no general-
ized responding to the untrained stimuli. A sec-
ond procedure then trained tacting when the
features were presented in the same six com-
binations used in the auditory-visual condi-
tional discrimination training. Though this level
of tact training might seem adequate to pro-
duce generalized tacting of these color, shape,
and border features no matter how else com-
bined (and thus generalized matching to novel
stimuli), a third generalization test revealed it
did not. Therefore, following this test, addi-
tional tact training was given using six novel
combinations of the color, shape, and border
features (these were neither the original six
combinations used in the conditional discrimi-
nation training, nor the six used in the gener-
alization test). This tact training was followed
by a another test for generalized matching.
Cumulatively improving tacting performances
over these three training procedures was ex-
pected at some point to produce generalized
selection, thereby replicating with vocal stimuli
a finding regularly demonstrated with overt
mediating responses: namely, that generalized
selection with novel stimuli requires the emis-
sion of appropriate tacts to those stimuli
(Lowenkron, 1984, 1988, 1989).

METHOD

Subjects

Six girls (AG, JB, BS, RR, JA, and SS ) and

two boys (AL and MB) from the first grade of
a local elementary school were run initially.
Girls SB and EB were added later. Subjects’
ages ranged from 5.2 to 7.2 years.

Apparatus and Setting

Apparatus. Stimuli were presented by a
Commodore 128D® computer on a 45 cm
Amdek II® color monitor. The monitor-screen
locations touched by the children were mea-
sured by a touch-sensitive screen (Personal
Touch Corp. IBM® analog model) through an
interface specially modified for the computer.

Setting. Sessions were run in a small room
at the school. The child sat at a small table fac-
ing the monitor. The experimenter sat to the
side of the child and in front of the computer
keyboard. An observer sat behind the child.

Stimuli and Consequences

Stimuli. All sample stimuli (Table 1) were
three-word spoken descriptions of the compari-
son stimuli. The three words in these descrip-
tions were arbitrarily assigned as the names of
the color, shape, and border feature (e.g., king-
bus-clip) of each comparison stimulus. In or-
der to avoid any pronunciation problems, the
names were all familiar English words.

All comparison stimuli appeared as pictures
approximately 3 cm high x 3 cm wide on the
monitor on a white background screen. The
pictures all contained three features: a shape
surrounded by a border; both of the same color
(Figure 1). These picture stimuli were con-
structed by combining one of three color fea-
tures, purple, aqua and orange (named king,
pond, and leaf), with one of three shape fea-
tures, a rhombus, a trapezoid, and an X (named
bus, trap, and flag), and one of three borders
(named point, sol, and clip). There were thus
27 possible stimulus combinations. Some of
these stimuli are shown in Figure 1, Panel A,
and all are described by the feature names listed
in Table 1.

Six of these combinations were selected for
the training set (Table 1). The six combina-
tions chosen were selected so that the three
features on each of the three dimensions (color,
shape, and border) appeared in two different
stimuli, but never twice with the same features
on the other two dimensions. This provided a
logical basis for comparing stimuli, and thereby
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Fig. 1. (A) Some of the stimuli comprising the training and transfer sets in each experiment. The word below each
stimulus indicates the color of the stimulus. The three training-set stimuli shown here for Experiment 1 were named
king-bus-clip, leaf-trap-check, and pond-flag-sol. The three transfer-set stimuli shown here are pond-trap-sol, king-flag-
sol, and leaf-trap-clip.

For Experiment 2 shown here from Set 1 are the training-set stimuli gray-fish-dots, brown-tree-ladder, and green-
chair-lines; and the transfer set stimuli green-tree-lines, gray-chair-lines, and brown-tree-dots. The Training-Set 2 stimuli
are red-boy-fence, yellow-house-circle, and blue-clown-box. The transfer-set stimuli are blue-house-box, red-clown-box,
and yellow-house-fence.

(B) An example of the monitor screen as it appeared during the third stage of conditional-discrimination training and
during all baselines and tests. The subject may either push on the comparison stimulus to select it, or else push the black
square to see the next comparison.
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identifying the names of the nine stimulus fea-
tures during conditional discrimination train-
ing. Although highly unlikely with children this
young, this property of the stimulus set still
served the important function of permitting the
children, in principle, to isolate the name of
each feature and thus emit generalized match-

ing immediately after being trained to select
these six stimuli in response to their descrip-
tions, and before receiving any tact training.

From the remaining combinations six other
stimuli were selected so as to be maximally
different from the training set and from each
other. This set, Transfer Set 1, was used to test
for generalization. From the still remaining
combinations, a third set of six was chosen as
the novel-tacting set (Table 1). This set was
used to train tacting behavior with previously
untrained stimuli, but never used in a test. Fi-
nally, six of the remaining stimulus combina-
tions comprised Transfer Set 2.

Training, baseline and test trial displays.
During training trials, various numbers of
stimuli appeared on the screen. During those
steps in which one comparison appeared, it was
in the center of the top third of the screen. When
two or three comparisons appeared, they were
equally spaced horizontally across the top third
of the screen. On baseline and test trials there
was always a single comparison in the center
of the top third of the screen along with a 3 cm
by 3 cm black square in the center of the bot-
tom third of the screen (Figure 1, Panel B).

Baseline trials and generalization-test trials.
These two types of trials differed from each
other only in terms of the types of stimuli they
contained. Baseline trials only contained train-
ing-set stimuli, while generalization-test trials
also contained stimuli from a transfer set: ei-
ther from Transfer Set 1 or else from Transfer
Set 2 depending on what the current test was.

On both baseline trials and generalization-
test trials subjects were required to select com-
parison stimuli in response to their 3-word spo-
ken descriptions. Both baseline- and generali-
zation-test trials began with a blank white
screen. The experimenter then said the three-
word sample description. The subjects then had
to repeat this description aloud. If they did not,
the description was repeated by the experi-
menter, prefaced by the prompt Say. If subjects
mispronounced a word, they were similarly
prompted. As soon as subjects repeated the
description correctly, a single comparison ap-
peared at the top center of the screen (Figure
1, Panel B). Below the comparison there ap-
peared the black square. If subjects did not se-
lect the comparison, they could touch the black
square in order to reject it and replace it with
another stimulus from the same set. Each time
they touched the black square, they were re-

Table 1
Descriptions of stimuli by feature names.

Experiment 1

Training Set Novel-tact
Training Set

king bus clip king flag clip
pond bus check leaf bus sol
king trap sol leaf flag check
leaf trap check king bus check
leaf flag clip king bus sol
pond flag sol pond trap check

Transfer Set 1 Transfer Set 2

king flag check king trap clip
pond trap sol pond flag check
leaf bus clip leaf flag sol
king flag sol king trap check
pond bus clip pond trap clip
leaf trap clip leaf bus check

Experiment 2

Training Set 1 Training Set 2

gray fish dots red boy fence
green fish ladder blue boy circle
gray tree line red house box
brown tree ladder yellow house circle
brown chair dot yellow clown fence
green chair line blue clown box

Transfer Set 1 Transfer Set 2

gray chair ladder red clown circle
green tree line blue house box
brown fish dot yellow boy fence
gray chair line red clown box
green fish dot blue boy fence
brown tree dot yellow house fence

Note: Training Set and Transfer Set 1 of Experiment 1
also appear in Experiment 2 as Set 3.
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quired to repeat the sample description (self-
echoic rehearsal). Failure to do so brought a
prompt to comply (“What are you looking
for?”). If the subject could not say the descrip-
tion, the experimenter supplied it and the sub-
ject was prompted to repeat it. Six such touches
on the black square cycled through all the
stimuli in the current stimulus set and so
brought back the first stimulus. Subjects could
thus press the black square to cycle repeatedly
through all the members of the set of stimuli
(training set or a transfer set) being shown on
that trial (Table 1) until they finally selected a
comparison stimulus by touching it. This se-
lection also required that subjects repeat the
current sample description as they touched the
selected comparison. (Thereby, it was pre-
sumed, causing that particular rehearsal of the
description to occur under joint tact/self-echoic
control). Failure to do so again brought the
prompt “What are you looking for?”

Baseline blocks and generalization-test
blocks. Baseline blocks consisted of 12 trials
with the training-set stimuli. Within this block,
each of the six stimuli in the training set was
the correct choice on two trials. All six stimuli
were balanced with respect to the serial posi-
tion of the correct choice, and so for no two
appearances of the same stimulus was the same
serial position correct. These stimuli appeared
in a single fixed order as the subject pressed
the black square and cycled through the com-
parisons. This block, usually given before a
generalization-test, was used to insure that a
specified level of selection accuracy prevailed
with the training stimuli before a generaliza-
tion test was given.

Generalization-test blocks also contained 12
trials. On four of these trials (Trials 1, 3, 6, 9)
stimuli from the training set appeared. On the
eight trials remaining in the block, stimuli from
either Transfer Set 1 or Transfer Set 2 ap-
peared—depending on the phase of the experi-
ment. Thus, with eight generalization trials but
only six transfer-set stimuli, each of these
stimuli could appear in the generalization-test
blocks with only roughly equal frequencies.
Generalization-test blocks were always pre-
sented two or more times so as to collect at
least 24 trials of data: eight training-set trials
and 16 test trials.

Reinforcement in baseline blocks and in gen-
eralization-test blocks. In both the baseline
blocks and generalization- test blocks, correct

selections with the training-set stimuli on Tri-
als 1, 3, 6 and 9 were reinforced as described
below, while selections (correct or incorrect)
on the remaining eight trials (with the trans-
fer-set stimuli) had no differential conse-
quences—producing only the blank white
screen that marked the start of the next trial.
As a result, during the baseline blocks, sub-
jects learned to respond without continuous
reinforcement, and during test blocks, selec-
tions on the eight generalization-test trials were
without consequence. Generalization was thus
measured without reinforcement. In both kinds
of blocks, baseline and generalization, incor-
rect selections on Trials 1, 3, 6 and 9 produced
a vocal no and a 3-s screen blackout followed
by the start of the next trial.

The contingencies of reinforcement. The
baseline and test blocks were presented within
a simple video game in which a correct selec-
tion on a reinforcement trial (Trials 1, 3, 6, 9 in
either a baseline or a generalization-test block)
was followed by a 2-s tone with the simulta-
neous appearance of the Sesame Street® char-
acter Big Bird® at the center of the screen. The
screen then cleared, and a string of colored dots,
or cookies, appeared from left to right across
the upper portion of the screen. A little boy then
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 after which the screen cleared and the
next trial began.

On the first reinforcement trial within a
baseline or test block, 12 cookies appeared. On
each subsequent reinforcement trial the same
sequence of events reoccurred, but the num-
ber of cookies presented diminished across tri-
als so as to reflect those cookies that had been
picked up on prior reinforcement trials within
the block. After the twelfth cookie was picked
up, the program ended with a brief animated
musical display, and the subject was allowed
to select a sticker.

In both baseline and generalization-test
blocks, on trials without differential conse-
quences (Trials 2, 4, 5, 7, 8, 10, 11, 12) one
cookie was credited for each correct selection.
These credited cookies could be picked up on
the next reinforcement trial (1, 3, 6 or 9) in
which a correct selection was made. In this
case, after the correct selection was made, all
the cookies remaining since the last pickup
were presented, and the boy, when pressed,
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picked up the next cookie. Now, however, the
screen did not clear. Rather, the boy remained
to be pressed again: once for each cookie pre-
viously credited until all the cookies credited
since the last reinforcement trial had been
picked up. For example, a subject making cor-
rect selections on (unreinforced) Trials 4 and
5 would be credited with two cookies. If the
subject then made a correct selection on (rein-
forced) Trial 6, the string of all as-of-yet un-
collected cookies was presented, and the sub-
ject could press the boy three times: once each
to pick up the two cookies credited for Trials 4
and 5, and once for the correct selection on
Trial 6.

If the selection on Trial 1, 3, 6 or 9 was in-
correct, the trial ended and neither the tone,
the bird, or the cookies appeared. Rather, the
count of cookies owed were left to accumulate
until a correct selection was made on Trial 1,
3, 6, or 9. Thus, reinforcement density was cor-
related with selection accuracy, but no response
on a generalization trial was ever immediately
reinforced.

Baseline phases and generalization-test
phases. In baseline phases, only data on the
first 12 trials was collected as the subject re-
sponded to the baseline block. However, be-
cause 12 correct selections were required to
collect all the cookies, the actual number of
trials required to collect the cookies and end
the game could vary. And so, if by the twelfth
trial the subject had not collected all 12 cook-
ies, (e.g., due to incorrect selections on some
trials), the baseline block was restarted from
the beginning, now without data collection, and
continued until all 12 cookies had been picked
up. At this point the game ended and the child
was awarded a sticker.

Generalization tests were very short in or-
der to minimize learning during the repeated
testing. During generalization-test phases the
12-trial test block was presented at least twice
so that 24 trials of data were collected (16 tri-
als with the current transfer-set stimuli, and 8
trials with the training-set stimuli). Thus, in the
generalization test, if the subject selected with-
out error, and thus took only 12 trials to pick
up all the cookies and end the game, a rein-
forcing sticker was provided and the game was
immediately restarted (with 12 more cookies
available) to collect the 24 trials of data. On
the other hand, if the subject made too many
errors to collect the first 12 cookies, the test

block was simply recycled until 24 trials of data
were collected, at which point the screen went
blank (black) and the game was terminated
even though cookies remained to be collected.
If, however, despite the errors, the subject man-
aged to collect all 12 cookies and end the game
in less than 24 trials, a reinforcing sticker was
provided, and the game was immediately re-
started (with 12 cookies) and played until a total
of 24 trials of data had been collected. Data
collection then ceased, but the game itself con-
tinued until all the cookies were collected. The
game then ended normally.

Procedure

Overview of procedure. Subjects were seen
in three 30-min sessions per week. Generally,
all previously trained performances were re-
viewed before any new behavior was trained.

The procedure was designed to examine the
correlation between the acquisition of tacts and
the emergence of generalized matching. In the
first step, the children were given conditional
discrimination training in which they learned
to select the six training-set stimuli in response
to their spoken descriptions (i.e., the names
arbitrarily assigned to the colors, shapes, and
borders of the stimuli). Next, the ability of the
children to themselves use these arbitrary
names as responses to describe the stimuli (i.e.,
as tacts) was tested in a naming test. This was
followed by a test for generalization of the con-
ditional discrimination performance to the se-
lection of transfer-set stimuli in response to
their descriptions. Subjects were next trained
(feature tacting) to tact the color, shape, and
border features, as each was presented indi-
vidually. This was followed by another test for
generalized matching.

Next, subjects were taught to use the feature
names to tact the colors, shape, and borders
contained in each of the six training-set stimuli
(stimulus tacting) and again tested for the emer-
gence of generalized matching. Subjects were
then trained with the novel-tact training set to
tact the very same features, but here when they
appeared in novel stimuli). They were then
tested a third time for the emergence of gener-
alized matching. The details of the procedure
are as follows.

Conditional-discrimination training. Over
three stages of training, this procedure taught
subjects to select each training-set stimulus
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(Table 1) in response to its spoken description
when said at a normal conversational pace.
Here, every correct selection was followed
immediately by a 3-sec musical phrase and
then, immediately, by the beginning of the next
trial. Incorrect selections were followed by a
3-sec screen blackout and the beginning of the
next trial.

The first stage of training used only the first
two stimuli of the training set. On each trial,
the two stimuli appeared simultaneously on the
monitor on a white screen. The experimenter
gave the description (said the names of the three
features) of the first stimulus to be selected and
pointed to it. The child was vocally prompted
to repeat the description aloud and select the
stimulus named by pressing it. Whenever the
subject did not pronounce the description cor-
rectly, the experimenter said the names again
and instructed the subject to say them correctly.
On the next trial, the same procedure was fol-
lowed with the second stimulus. On all subse-
quent trials, the experimenter gave the descrip-
tion, but did not point, leaving the subject to
repeat the description and then select the cor-
rect comparison.

To complete this step subjects had to make
three consecutive correct selections of each of
the two stimuli in response to its description.
In the subsequent steps of this stage, the re-
maining training-set stimuli were added, one
by one, until the subject selected correctly from
all possible pairs of six stimuli drawn from the
training set. In the second stage, this same pro-
cedure was continued, except the number of
stimuli appearing simultaneously on the screen
on each trial, increased from two to three.

In the third stage, each trial began with a
blank white screen, and subjects had to select
from among three comparisons presented suc-
cessively. Now, when the experimenter gave
the description, the subject was prompted to
repeat it in order to see a screen containing the
first comparison and the black square (Figure
1, Panel B). By means of prompts, subjects
learned they could view each of the remaining
two comparisons, one at a time, by repeatedly
pressing the black square; thereby cycling
through the three comparisons until they lo-
cated the one described. On these trials sub-
jects, were prompted to repeat the description
aloud: first as a repetition of the words spoken
by the experimenter (an echoic), once again
each time they pressed the black square (a self-

echoic), and once more when they selected a
comparison (a self-echoic). Failures to repeat
the description aloud (virtually nonexistent)
were followed by a request to say the name
aloud, along with a prompt saying the current
name. These failures had no consequences for
the scoring of a selection as correct or incor-
rect. Training continued to a criterion of 18
consecutive correct trials: three correct selec-
tions of each of the six training-set stimuli when
presented in a random order.

Naming pretest. As mentioned previously,
the training set was constituted of stimuli se-
lected so that it was logically possible to iso-
late the names of all the features during condi-
tional-discrimination training. To determine if
subjects had in fact, by some means, acquired
feature names during conditional-discrimina-
tion training, or indeed could even remember
the names of the six stimuli they had just
learned to select, a naming pretest was given
in the session in which the 18-trial training cri-
terion was first met. In this test, the stimuli of
the training set were shown one at a time, and
subjects were prompted to supply the names
(“What’s this one called?”) that had just been
used in the conditional discrimination training.
These names were recorded in writing by the
experimenter but produced no consequences
for the subject. To evaluate the possibility that
the prompt in this test affected subsequent be-
havior, this naming pretest was not given to
subjects BS or MB.

Baseline 1. In the next session, the baseline
block was presented and practiced repeatedly
until the full 12-trial baseline block was com-
pleted without error. The task differed from the
third stage of conditional discrimination train-
ing only in that subjects were now selecting
from among six successively presented com-
parisons on each trial instead of three, and re-
inforcement was now intermittent—as de-
scribed above regarding the contingencies of
reinforcement in baseline blocks.

Test 1. In the next session, the three stages
of conditional-discrimination training were
briefly reviewed, and then the 12-trial baseline
block was presented for the baseline phase. If
the baseline block was completed with no more
than one error, the generalization-test phase
was run using the Transfer Set 1 stimuli (Table
1). Otherwise, the baseline block was presented
three more times for practice, and the session
ended. During these trials, if they did not do so
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by themselves, the subjects were prompted to
repeat the descriptions as described above.

Feature-tact training. In the first session af-
ter completing Test 1, the children were taught
to name the individual stimulus features of each
dimension. To train the names of each color,
the entire screen changed to one of the colors
as the experimenter said the name and pointed
to the color (e.g., with a purple screen the ex-
perimenter said, “This is king.”) Subjects were
then asked to repeat the name (“What color is
this?”) a few times, and then the second and
then the third color was presented; this train-
ing was repeated with each. On the subsequent
trial, children were asked to tact each color as
it appeared. If they could not, the experimenter
said the name and asked the subject to repeat
it. Training continued until subjects could tact
all three colors without prompting when they
appeared twice in random order.

In the next phases, the same procedure was
then used to train tacts for the three shapes and
then for the three borders. On these trials, each
shape or border appeared alone, colored black,
on a white screen. In the final phase, trials with
the three colors, the three shapes, and the three
borders were all interspersed, and subjects were
required to name all nine features accurately.

Test 2. The next session began with a very
brief review of the three stages of conditional-
discrimination training (two trials per stage).
Then, feature tacting was reviewed by asking
the subject to name each of the nine features
as each was shown alone. If there were more
than two errors in any task, appropriate train-
ing was provided and the session was con-
cluded. Otherwise, subjects continued in the
feature-tacting task until they correctly named
each of the nine features twice. Next, a baseline
phase was given. If this was completed with
no more than one error, the generalization—
test (Test 2) was presented—still with Trans-
fer Set 1. If there was more than one error in
the baseline phase of the test, the baseline block
was presented for practice as time permitted,
and this entire Test 2 procedure was repeated
in the next session.

Stimulus tact training. In the session, after
subjects completed Test 2, they were trained
in stimulus tacting. Here they were taught, over
three stages, to describe complete stimuli by
naming the color, shape, and border features
of each stimulus as each stimulus was presented
alone on the screen. In the first stage of this

training, the full screen changed to one of the
stimulus colors. The subject was then prompted
to name it (“What’s that?”). When the subject
named the color (e.g., king), a shape in that
color appeared against the usual white back-
ground. The subject was then asked to name
both the shape and its color (e.g., king-bus).
When the subject did so, a border appeared
around the colored shape, and the subject had
to provide the names of all three features of
the stimulus (e.g., king-bus-clip). Practice con-
tinued until subjects could do this errorlessly
with all six stimuli of the training set.

In the second stage, the color-only screen
was omitted, and trials started with a color-
shape combination. In response, the child had
to name the color and shape before seeing and
naming the color-shape-border combination. In
the third stage, complete stimuli (a colored
shape and border) was presented, and subjects
had to provide the names all three features. At
each stage, subjects were prompted by the
phrases “What is this?” and “What else is this?”
If they could not give the correct answer, it was
provided. Practice continued in the third stage
until subjects could accurately name all the
features contained in each of the six stimuli.

Test 3. In the next session, to examine the
effects of the stimulus-tact training on gener-
alized responding, the procedures described for
Test 2 were repeated with subjects RR, SS, JA,
MB, and EB as Test 3, except that the prelimi-
nary review of feature tacting that preceded
Test 2 was replaced now by a preliminary re-
view of stimulus-tacting. In this review sub-
jects had to provide the correct names of the
three stimulus features contained in each of the
six stimuli of the training set.

Novel-tact training. Using both the training-
set stimuli and the novel-tact training set (Table
1), the procedures for stimulustact training were
then repeated for all subjects.

Test 3N. To examine the effect of the pre-
ceding stimulus tact training with novel stimuli,
the procedures described for Test 3 were re-
peated for all subjects as Test 3N. (The suffix
3N indicates that, in contrast to Test 3, which
was given after tact training just with the fa-
miliar stimuli of Transfer Set 1, here the ad-
ministration of Test 3 was given after novel
stimulus-tact training with the novel stimuli
listed in Table 1 as the novel-tact training set;
hence, 3N.

Test 4. The procedures described for Test 3
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were repeated for subjects EB and SB, but with
Transfer Set 2 replacing the stimuli of Trans-
fer Set 1 on generalization test trials.

Naming posttest. All stimuli of Transfer Set 1
and Transfer Set 2 stimuli were shown in mixed
order as the subject was asked to name each.

RESULTS

Acquisition during the three stages of con-
ditional discrimination training was very slow
and difficult (Table 2) requiring an average of
485 trials to learn to select all six stimuli of the
training set in response to their description. No
subject completed conditional discrimination
training in less than four sessions.

Despite this greatly extended practice, and
despite the fact that subjects needed virtually
no prompts to correct their pronunciations of
the features’ names, no subject correctly named
the color, shape, and border features of all the
training-set stimuli (Table 2). This was true
even though the training set was constituted
so that the names of all the features could be
logically deduced by the end of Stage 1 of the
conditional-discrimination training. Instead,
the data suggest that during the average 485
exposures to these stimuli, along with the re-
quired repetitions of their description while
selecting, subjects just memorized part or all
of the descriptions as intraverbal strings

(memorized sequences), but did not connect
these words to the individual features of the
stimuli.

Thus, only with two of the stimuli could sub-
ject AG emit the names of the three features
they contained. With one other stimulus she
could name two features, with two other stimuli
she could name but one feature, and in one
stimulus, none of the features. This, even
though she had named these features correctly
when they appeared in other stimuli moments
before or after. The data of subjects JB and AL
show this even more clearly. Thus, both sub-
jects correctly named all three features of five
of the six training-set stimuli, but in both cases
there was one stimulus, containing two features
they had already correctly named in the other
stimuli, that they now could not name. There
was no time pressure here, no reason for these
subjects, or any of the others, not to formulate
correct descriptions from the feature names if
these were indeed available as tacts. But the
evidence conforms precisely to what one would
expect from the procedure and subjects of this
age: without explicitly focused, reinforced
practice, tacts for the individual stimulus fea-
tures did not develop. Rather, during this test
subjects appeared to respond to the three-fea-
ture names as intact units.

In contrast to the trouble subjects had nam-
ing the training-set stimuli, no subject made

Table 2
Experiment 1. Trials to criterion at each stage of conditional discrimination training and the

number of features correctly named in the naming pretest for each stimulus.

Conditional discrimination training Naming pretest
Trials to criterion Number of features correctly named.

Stage 1 Stage 2 Stage 3 3 2 1 0

AG 293 30 25 2a 1 2 1
JB 328 49 36 5 0 1 0
BS 474 83 41
AL 326 29 14 5 0 1 0
SB 370 56 45 1 2 2 1
RR 286 37 46 0 2 2 2
SS 453 67 39 3 0 1 2
JA 265 25 48 2 1 2 1
MB 479 80 48
EB 633 70 19 3 0 3 0

Note: To evaluate the possibility that the naming pretest affected subsequent behavior, it was not given to BS or MB.
a Number of stimuli evoking correct names of this number of features.



140 BARRY LOWENKRON

more than one error selecting these same
stimuli in response to their names during the
baseline phase immediately preceding Test 1
(nor did they make errors on any of the trials
with the training-set stimuli interspersed in the
test blocks in Test 1). Thus, bi-directional sym-
metry did not appear: even as subjects accu-
rately selected in response to these names, they

could not accurately emit these names as tacts.
Despite the accurate selection of training-set

stimuli however, Figure 2 reveals no evidence
of generalized selection with the Transfer Set
1 stimuli in Test 1. And indeed, subsequently
training subjects to name each feature in fea-
ture-tact training (for an average of approxi-
mately 200 trials, including reviews) produced

Fig. 2. Data for Experiment 1. Bars indicate the percentages of correct selections on the 16 test trials in Tests 1 to 4.
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Fig. 3. The average number of features, across all selections in each test, by which erroneous selections were discrep-
ant from their descriptions. The largest possible error was to select a stimulus discrepant from the description on all three
dimensions. The dashed line at 2.36 indicates the expected discrepancy rate given random selection.
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no consistent improvements in generalization
during Test 2. Similarly, as shown in Test 3,
the prior stimulus-tact training with the train-
ing-set stimuli (for an average of approximately
100 trials, including reviews) also had incon-
clusive effects in improving selection accuracy.
In contrast, adding the novel stimuli to stimu-
lus-tact training (average 40 trials) had a dra-
matic and profound effect: producing high lev-
els of generalized selection in all subjects in
Test 3N.

The effect of acquiring these accurate tacts
may also be seen in the nature of the errors the
subjects made during the generalization-test
phase. Figure 3 depicts the average number of
dimensions, across the 16 trials with transfer-
set stimuli, by which incorrect selections were
discrepant from the sample descriptions. The
number reaches a maximum of three on those
trials in which the comparison selected differed
from the sample description on all three dimen-
sions (color, shape, and border). The dashed
line indicates the average discrepancy on error
trials (2.36 dimensions) that would result from
random selection, given the particular set of
stimuli and descriptions used in the eight test
trials contained in a test block.

In Tests 1 and 2, the numbers of discrepan-
cies did not much differ from what would be
expected under random selection. In contrast,
in Tests 3N and 4, errors did differ from ran-
dom selection. In Test 3N in most cases the
discrepancies were on single dimensions. Thus,
the four errors Subject AG made in Test 3N
(Figure 2) all involved the selection of com-
parisons differing from the sample description
by a single feature (Figure 3). On two trials
she selected trap where bus was correct, and
on two others she similarly confused check and
sol. On the single error made by Subject RR,
she selected a comparison differing from the
description on all three features. This was al-
most certainly an accident given her uniformly
accurate selections on all other trials.

In Test 4 there were no selection errors and
thus no discrepancies. Indeed in response to
completely novel descriptions subjects EB and
SB were able to select novel comparisons with-
out a single error and in the naming post-test
both were able to provide fully accurate de-
scriptions to all eight stimuli of Transfer Set 2
without a single error. Clearly, the training with
the novel-tact training set had a powerful ef-
fect on all subsequent behavior!

DISCUSSION

In general, various data, as well as the pro-
cedure itself, suggest that during conditional
discrimination training subjects not only ac-
quire the conditional discriminations, but the
required rehearsing of the spoken stimulus de-
scriptions before selecting also allowed sub-
jects to acquire some of the descriptions as
three-word echoics and as intraverbals.

But the subjects did not appear to acquire
the descriptions as tacts of the individual stimu-
lus features. Thus, as indicated in Table 2, an
average of 485 trials was needed to train con-
ditional discriminations with all six training-
set stimuli. This slow pace is consistent with
the possibility that the three-word descriptions
served as nothing more than complex condi-
tional stimuli in a conditional discrimination.

The naming pretest data suggest the same
thing. Thus, as illustrated by the data in Table
2, by the end of conditional discrimination
training, after hearing each of the six descrip-
tions an average of approximately 80 times
(485 training trials), and after repeating the
feature names innumerable times as echoics
while cycling through the six stimuli of the
training and test blocks looking for the correct
comparison, subjects still could not emit these
names when shown the intact stimuli. This,
despite the fact that the names were all com-
mon English words. Rather, as the naming test
data indicate, when shown the stimuli subjects
could name a few in their entirety, but only frag-
ments or nothing at all for all the others. Fur-
ther, even where a feature was accurately
named when it appeared in one stimulus, this
was no guarantee it would be correctly named
when it appeared in some other stimulus. Sub-
jects thus seemed not have tacts available for
all stimulus features by the end of conditional
discrimination training.

Assuming this to be so, the feature-tact train-
ing procedure, focused as it was on training
individual tacts for each feature, should have
taken care of the problem. Apparently, subjects
simply did not use the individual tacts, even
when trained, to control stimulus selection in
Test 2.

The data of Test 3 also are consistent with
this notion. Stimulus-tact training with the
training set merely produced yet another ex-
posure to stimuli and descriptions the subject
had already seen and heard numerous times.
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There was no aspect of the contingencies here
that differentially reinforced tacting the features
as opposed to emitting the feature names as
previously heard intraverbals while the features
of a stimulus cumulatively appeared.

This of course was not the case with the
novel-tact training set and its effect on behav-
ior in Test 3N. The old three-word intraverbals
would not work with these novel stimuli, and
the new names were so similar to the old that
subjects could only differentiate their names
by responding to the individual stimulus fea-
tures. Thus the training set contained the stimu-
lus king bus clip, while the novel-tact training
set contained king bus check and similarly with
pond bus check and king bus check. In con-
trast to the previous training, responding dif-
ferentially to individual features within com-
plex stimuli was differentially reinforced here.

Performances with the novel stimuli of
Transfer Set 2 in Test 4 and in the naming post-
test provided a striking contrast with perfor-
mances with the then-novel stimuli of the nam-
ing pretest and Test 1. Thus, whereas no sub-
ject in the pretest accurately described all the
stimuli—even after spending 400+ trials learn-
ing to select stimuli in response to their
names—in the naming post-test SB and EB
tacted all the novel post-test stimuli at first
sight, and with no prior training at all. And it
would certainly seem to be this tacting that al-
lowed for the errorless generalized selection
performances observed with both subjects in
Test 4 as the notion of joint control would re-
quire.

Findings by Goldstein et al. (1987) support
this interpretation. Instead of looking at gener-
alized matching, they looked at the generali-
zation of naming. Thus, they trained subjects
to emit multipart names to each of a set of multi-
element stimuli, but also found this did not pro-
duce generalized naming: Subjects could not
emit novel names when shown novel recom-
binations of the same elements. After the sub-
jects were required to learn to name some novel
recombinations, however, generalized naming
appeared with other, novel recombinations.
These data thus support directly the interpre-
tation of the present study: that training sub-
jects to name novel stimulus combinations re-
sulted in the emergence of generalized,
recombinative naming which then contributed
to the appearances of generalized matching
under joint control.

EXPERIMENT 2

Although many studies have looked at the
general effect of acquiring sample-tacting re-
sponses (variously called naming or coding
responses) on selection accuracy in delayed-
matching tasks, none seem to have looked at
the role played by the active rehearsal of these
responses just before and during the compari-
son-selection phase of the performance (e.g.,
Cohen, Brady, & Lowry 1981; Eckerman,
1970; Parsons, Taylor, & Joyce, 1981; Urcioli,
1985). But if accurate comparison selection is
to occur, some aspect of the topography related
to the sample must be precisely maintained
until comparison selection has occurred.

In the current experiment these maintained
topographies, controlled as they are by prior
rehearsals, are in fact self-echoics and the ex-
periment analyzes the effect of these self-
echoics on comparison-selection accuracy by
studying the effect of preventing their rehearsal
while subjects cycle through a sequence of
successively presented comparisons, seeking
a match to the sample. It is assumed here that
the accurate selection of comparisons appear-
ing earlier in the sequence, and thus nearer the
experimenter’s pronunciation, will be less dis-
rupted than those occurring later in the se-
quence. Thus, a declining gradient of accuracy
across sequence position was expected when
subjects were prevented from self-echoic re-
hearsal. Conversely, if the mediating responses
are not vocal, or if indeed they play no role in
selection accuracy, as for example in an unme-
diated conditional discrimination, then flat gra-
dients across sequence positions would be ex-
pected.

METHOD

Subjects

Three boys (RJ, KH and BS) and one girl
(JL) participated. Their ages ranged from 6.8
to 7.1 years old.

Stimuli

Three sets of stimuli were used in this ex-
periment (Table 1). Training and Transfer Sets
3 here were Training Set and Transfer Set 1 in
Experiment 1. Training and Transfer Sets 1 and
2 here were composed of new features with
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appropriate names. (Figure 1). Thus the Train-
ing Set 1 stimulus described as gray fish dots
was exactly that: a gray fish with the dot bor-
der. As illustrated in Table 1, all the stimuli in
Training and Transfer Sets 1 and 2, were gen-
erated by systematically replacing the names
and features of Training and Transfer Set 1 of
Experiment 1 with new names and features so
as to produce new training and transfer sets
with compositions exactly comparable to those
used in Experiment 1. Thus, although the
names and features themselves were novel,
their pattern of combination was the same
across corresponding sets of stimuli.

Baselines and Tests

All baselines and tests for generalization
were constructed and administered in the man-
ner described in Experiment 1. They differed
from those in Experiment 1 only in terms of
the particular features they contained on the
color, shape and border dimensions. And, in a
corresponding fashion, so did the spoken
names of these stimuli.

To measure the effects of rehearsal preven-
tion, matching performance with the training
set was measured using rehearsal-prevention
baseline blocks, and performance with the
transfer set was measured with rehearsal-pre-
vention test blocks. Both types of rehearsal-
prevention blocks were the same as regular
baseline and test blocks, but with one addition:
A series of single, black digits (0–9) appeared,
one replacing the other every .8 s, 3 cm below
the location of the bottom of the comparisons.
The digits appeared on the blank white screen
that started a trial, continued as the subjects
pressed the black square to cycle through the
comparisons, and vanished when the subject
selected a comparison. Baselines still contained
one 12-trial block, and tests still contained 24
trials (two 12-trial test blocks).

Procedure

Stimulus Set 1. All aspects of the training and
testing procedures described in Experiment 1
up to, and including Test 1, were repeated but
using Training Set 1 and Transfer Set 1 for Ex-
periment 2 (Table 1 and Figure 1). Subjects
thus first received conditional discrimination
training, then the naming test, followed by a

Set 1 baseline block, and then Generalization
Test 1 with the stimuli of Transfer Set 1.

Response-prevention training. Following
Generalization Test 1, performance on the re-
hearsal-prevention task was trained using the
Set 1 baseline block. On the first trial, as the
numbers began appearing on the otherwise
blank white screen, subjects were prompted to
read each number as it appeared with the
prompt What number is this? After subjects
began reading the numbers without further
prompts, the experimenter said the name of the
first comparison to be selected and caused the
first comparison and the black square to ap-
pear on the screen.

Through further prompting and instruction,
subjects were taught to continue to read the
numbers as they appeared, while pressing the
black square to cycle through the comparisons.
Whenever subjects stopped reading the digits,
they were immediately prompted (read the
numbers) to continue to do so. Over further
trials, training continued until subjects could
maintain the number reading while pressing the
black square and selecting comparisons. There
was no criterion for matching accuracy as the
intent here was simply to train subjects to read
the numbers while selecting these already-
trained comparisons.

Rehearsal-prevention Test 1. In the next ses-
sion, after completing a regular baseline block
in which all comparisons were selected cor-
rectly, two 12-trial rehearsal-prevention
baseline blocks were administered to test the
effect of rehearsal prevention on selection ac-
curacy.

Stimulus Set 2. In the next session, subjects
were given conditional-discrimination training
with Training Set 2. At criterion this was fol-
lowed by the naming test, a baseline block, and
a test for generalized matching (Generalization
Test 2 in Figure 4). In the following session, to
measure the effect of rehearsal prevention, sub-
jects were given a single rehearsal-prevention
baseline block (Rehearsal-prevention Test 2)
followed by two rehearsal-prevention test
blocks all with the stimuli of Transfer Set 2
(Rehearsal-prevention Test 3).

Stimulus Set 3. In the next session, condi-
tional discrimination training began with the
training stimuli of Set 3 (Set 1 in Experiment
1). In a subsequent session, at criterion, this
was followed by the naming test, a baseline
block, and a test for generalized matching
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(Generalization Test 3). In the following ses-
sion, subjects were given two rehearsal-pre-
vention baseline blocks with the training
stimuli of Set 3 (Rehearsal-prevention Test 4).
Subjects were then given feature-tact training
for the names of the nine dimension features
of Set 3, followed by a baseline test and then a
test for generalization (Generalization Test 4).

RESULTS

As illustrated in Table 3, on the average, sub-
jects acquired the conditional discrimination
with the familiar names for the stimuli of Train-
ing Set 1 in 142 trials. This is about a third as

many trials as it took with the novel names for
the stimuli used in Experiment 1. Furthermore,
and again in contrast to Experiment 1, in the
naming test, 3 of the 4 subjects gave correct
names for all of the stimuli. RJ forgot the name
lines, calling this border ladder when Stimu-
lus 3 was shown, and dot when Stimulus 6 was
shown.

Generalization in Test 1 was equally error-
less (Figure 4), with three of the subjects mak-
ing no errors. One of the two errors made by
RJ was correlated with his performance in the
naming test: He confused the lines with the
ladder in Transfer Set Stimuli 1 and 4.

In Figure 5, the gradients of declining accu-

Table 3
Experiment 2. Trials to criterion at each stage of conditional discrimination training and the

number of dimensions named for each stimulus in the naming test.

Set 1 (Familiar names)
Conditional discrimination training Naming test

Trials to criterion Number of features correctly named

Stage 1 Stage 2 Stage 3 3 2 1 0

RJ 94 18 27 4a 2 0 0
KH 84 23 29 6 0 0 0
JL 86 20 34 6 0 0 0
BS 92 28 33 6 0 0 0

Set 2 (Familiar names)
Conditional discrimination training Naming test

Trials to criterion Number of features correctly named

Stage 1 Stage 2 Stage 3 3 2 1 0

RJ 44 24 17 6 0 0 0
KH 36 25 17 6 0 0 0
JL 41 27 17 6 0 0 0
BS 42 25 18 4 2 0 0

Set 3 (Unfamiliar names)
Conditional discrimination training Naming test

Trials to criterion Number of features correctly named

Stage 1 Stage 2 Stage 3 3 2 1 0

RJ 219 17 41 4 0 1 1
KH 264 45 45 3 0 0 3
JL 234 18 38 3 1 0 2
BS 220 18 34 1 2 2 1
a Number of stimuli evoking correct names for this number of features.
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racy illustrate the effect of preventing subjects
from repeating the sample descriptions. In Re-
sponse-prevention Test 1, the Page L statistic
(Siegel & Castellan, 1988, p. 184) verified a
significant decline in selection accuracy with
Training Set 1 (L = 346, p < .001) as a function
of the number of comparisons the subjects had
to view before encountering the one that had
been named by the experimenter; this, in con-
trast to the errorless selection performance with
these same stimuli in the immediately preced-
ing regular baseline block.

Performance with Set 2, also with familiar
names, was comparable to Set 1. Once again
(Table 3), the conditional discrimination was
rapidly acquired (mean = 83 trials), and sub-
jects named the stimuli accurately in the nam-
ing test. Subject BS called the border appear-
ing in Stimuli 3 and 6 square instead of box.

Generalized conditional-discrimination per-
formance in Set 2 (Figure 4) was again essen-
tially errorless. No subject made an error on
the training-set trials, nor more than two er-
rors on the generalization test trials. Again, as
illustrated in Figure 5, rehearsal prevention was
found to influence selection accuracy: Signifi-
cant gradients of declining selection accuracy
were found with both in Rehearsal-prevention
Test 2 with Training Set 2 (L=335, P < .01),
and in Rehearsal-prevention Test 3 with Trans-
fer Set 2 (L=345, p < .001).

In contrast to Sets 1 and 2, here, introducing
the stimuli of Set 3 had a dramatic effect on

the rate of acquisition of the conditional dis-
crimination. These were the same stimuli and
names used in Experiment 1 as the training set;
and as in Experiment 1, here too, acquisition
of the initial conditional discrimination (Re-
hearsal-prevention Test 2), though it took
roughly half as many trials as in Experiment 1,
was still very slow (mean = 298 trials, Table
3). Once again, the subjects did not learn names
for the individual features. Thus, in the nam-
ing test, no subject named all of the features of
more than four stimuli and all subjects failed
to name any feature of one or more stimuli. As
in Experiment 1, it appears that subjects sim-
ply repeated the complete sample names they
remembered from the roughly 300 training tri-
als it took to reach criterion. And as in Experi-
ment 1, generalization with the transfer set was
poor in Test 3 as well (Figure 4).

However, unlike the performances in Re-
hearsal-prevention Tests 1, 2, and 3, in Re-
hearsal-prevention Test 4, rehearsal prevention
did not affect selection accuracy with the train-
ing-set stimuli here (L = 304, p > .1). Instead,
the gradients (Figure 5) are flat: subjects made
as many accurate selections with five interpo-
lated comparison stimuli as with none.

As to generalized matching, after just fea-
ture-tact training with Set 3 (Figure 4), all sub-
jects showed high levels of generalization in
Test 4 (Subject JL left the experiment at this
point). Thus, generalized matching with Set 3
was achieved here with far less training than

Fig. 4. Generalization data for Experiment 2, Tests 1 to 4. The open bars indicate the percentages of correct selections
on training set trials. The filled bars describe performance with Transfer Sets 1, 2, and 3. Generalization Test 1 was
conducted with Stimulus Set 1; Generalization Test 2 was conducted with Stimulus Set 2 and Generalization Test 3 with
Set 3. Test 4 retests with Set 3.
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Fig. 5. Percentages of correct selections on rehearsal-prevention tests. All gradients, except for Training Set 3, show
significant declines in selection accuracy (p < .01) as a function of the number of incorrect comparisons presented
between the spoken sample and the appearance of the correct comparison.
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in Experiment 1 where comparable generali-
zation with this set was only achieved after
stimulus-name training with novel stimuli.

DISCUSSION

Once again, the role of tact availability in
generalized selection was demonstrated. In
Figure 4, in Sets 1 and 2, where the stimuli had
familiar names, virtually errorless performance
on the naming test was accompanied by high
levels of generalization, while in Set 3 poor
naming was accompanied by low levels of gen-
eralized matching in Test 3.

The data also show that self-echoic behav-
ior had an important role in maintaining selec-
tion accuracy. In Figure 5, in Sets 1 and 2, the
consistently declining gradients of selection
accuracy when rehearsal was prevented indi-
cate that selection accuracy depended on the
availability of some cue derived from the
sample and retained by rehearsal over the in-
terval until the specified comparison appeared.
That this cue was vocal is suggested by the fact
that the sloping gradients were produced by
requiring a competing vocal response (num-
ber naming).

In Set 3, however, rehearsal prevention pro-
duced no detectable gradient. Subjects per-
formed just as well if the correct comparison
was presented immediately, as if it was the last
of the six comparisons. This suggests that what-
ever it was that may have mediated the delay
interval here, it was not verbal behavior. In-
stead, given the fact that subjects had seen and
selected these six training-set stimuli well over
200 times during conditional-discrimination
training, it is possible that subjects used a vi-
sual mediator, perhaps using the sample de-
scription to picture the comparison to be se-
lected. Conceivably, such seeing in the absence
of the visual stimulus (Skinner, 1969) would
be immune to competition from vocal re-
sponses. Thus, though it is admittedly specu-
lative, it is also parsimonious to suggest that
here (and in Tests 1 and 2 in Experiment 1 as
well) subjects pictured the described object
(Skinner, 1974, p. 82) and sought the compari-
son that entered into joint control with that
image (i.e., that allowed the subject to continue
to see the rehearsed image in the presence of
the actual image).

If the declining gradients do indeed indicate
a role for actively rehearsed vocal mediation

in comparison selection, then they also indi-
cate a role for vocal mediation in generaliza-
tion; for in Sets 1 and 2 high levels of gener-
alization were accompanied by declining gra-
dients, while in Set 3 a flat gradient was ac-
companied by the absence of generalization.
There thus seems to be a clear link between
self-echoic rehearsal and generalized respond-
ing.

GENERAL DISCUSSION

Taken together, the data in Experiments 1
and 2 indicate that the generalized selection of
comparisons in response to sample names de-
pended on the availability of both of the ele-
ments that comprise joint control: accurate tacts
and accurate self-echoic rehearsal. Precisely
how these responses interact must, of neces-
sity, remain subject to speculation, but the fact
that the only selections that were reinforced
were the selections of comparisons for which
the rehearsed self-echoic also served (jointly)
as an accurate tact certainly suggests that it was
this event, this joint self-echoic and tact con-
trol by a single comparison, that provided the
basis of generalization with the novel stimuli.
In essence, the selection response was an
autoclitic report of this generic stimulus con-
trol event (Lowenkron, 1991, 1998.)

But joint control was not the only means by
which stimuli were selected. The data in Ex-
periments 1 and 2 indicate that comparison
selection was, at times, under some other form
of stimulus control: namely, a non-verbal, and
possibly visually mediated, conditional-dis-
crimination control. And so, taken together, the
data suggest two forms of stimulus control oc-
curred here.

Thus, in Experiment 1, and with Set 3 of
Experiment 2, when the stimuli had unfamil-
iar names acquisition of the initial conditional
discrimination was very slow, subjects could
not name the stimuli in the naming pretest,  and
generalization was poor. In Experiment 2, re-
hearsal prevention produced a flat gradient.
This is just what would be expected if the dis-
crimination was acquired under unmediated
conditional stimulus control.

On the other hand, in Experiment 2, with Sets
1 and 2, the stimuli had familiar names, acqui-
sition of the initial conditional discrimination
was rapid, subjects could tact the stimuli when
asked, generalization was immediate, and un-
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der rehearsal-prevention, selection accuracy
deteriorated across the delay gradient. All this
would be expected in a mediated perfor-
mance—as, for example, one under joint con-
trol.

A dual basis for discrimination learning in
children has been suggested before. These find-
ings are strongly reminiscent of the extensive
body of research comparing reversal and ex-
tra-dimensional shift performances (Kendler &
Kendler, 1970; Lowenkron, 1969; Wolff,
1967). Those data, acquired from a develop-
mental viewpoint, showed that children about
the age of the present subjects generally tend
to learn simple discriminations, involving mul-
tidimensional stimuli, in an unmediated single-
unit fashion. With age, however, they could
learn to select stimuli based on the products of
their own mediating responses. Lowenkron
(1969) and Lowenkron & Dreiessen (1971)
extended these studies to adults, showing that
even with this population various task variables
could serve to determine which mode of re-
sponding (mediated or unmediated) subjects
would select in. The current finding extends
this, showing the dual basis (mediated and un-
mediated) for acquiring a conditional discrimi-
nation.

Additional evidence for the operation of two
different forms of stimulus control is provided
by the interaction observed between the type
of names used in conditional discrimination
training and the emergence of the arbitrary
names for the stimulus features. Thus, in Ex-
periment 1, training the initial conditional dis-
crimination with unfamiliar stimulus names
seemed to block the application of these tacts
to stimulus selection. As a result, much addi-
tional training, in the form of both feature-tact
training and stimulus-tact training with novel
stimuli, was needed before generalized match-
ing finally appeared. If, as the naming pretest
data indicate, subjects responded to the three-
part names as intact, undifferentiated units dur-
ing conditional discrimination training, this
may have interfered with any subsequent train-
ing to teach subjects to select comparisons
based on matches between parts of the names
and the corresponding parts of the compari-
sons. The effects seen here are reminiscent of
the blocking effects of trial and error training
in the transfer of stimulus control observed by
Touchette, (1969) and Fields (1978) and in the
blocking effect of pictures on the acquisition

of names for printed words (Singh & Solman,
1990).

In contrast, in Experiment 2, when subjects
were first trained with two sets of stimuli, both
comprised of familiar names, and then given
stimuli with unfamiliar names (Set 3), gener-
alized matching appeared at full strength after
only feature-tact training. Pretraining with the
familiar names of Sets 1 and 2 thus seemed to
potentiate the subsequent learning with the
unfamiliar names of Set 3 and thereby hastened
generalized responding.

This improvement emulates another devel-
opmental process. For had adults been exposed
to the novel names of Set 1 in Experiment 1,
almost certainly they would have attempted to
isolate the names for each feature during the
very first stages of conditional discrimination
training—something possible given the logi-
cal structure of that set of stimuli. And success
here almost necessarily would have contrib-
uted to success on both the naming pretest and
in the tests for generalized matching.

Taken together, these data rationalize a dis-
tinction between the traditional notion of stimu-
lus selection in a conditional discrimination and
the notion of stimulus specification under joint
control. In the traditional account (Michael,
1985), response strength is continuously vari-
able, and in a conditional discrimination, a
comparison stimulus is selected as a result of a
heightened response probability to that stimu-
lus in the presence of a given sample or some
rehearsed representation of the sample. The
availability of tacts or other differential re-
sponses to the comparison stimuli is immate-
rial.

In contrast, under joint control, the strength
of the selection response is discrete, though not
quantal in the sense described by Bickel &
Etzel (1985). Rather, it is discrete in the sense
that joint control either does or does not exist
between the elements of the sample descrip-
tion and the elements of the comparison tact,
and it is this discrete event that is reported by
the autoclitic selection response. Thus in the
present case, the experimenter’s description
specified one particular comparison: namely,
the comparison that evoked a tact whose to-
pography allowed a repetition of the self-echoic
of the sample, but no other.

It would appear that such a distinction pro-
vides a clear, behavioral basis for viewing the
commonplace notions of reference, description,
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and specification as something distinct from
the notion of stimulus selection as the result of
a heightened selection-response probability
(Lowenkron, 1998). That is to say, while an SD

evokes a selection response, a description fits
the object described in the sense that the de-
scription consists of, and the object evokes, two
verbal operants (self-echoic and tact) with a
common topography. And at this point the ob-
ject could be said to have been recognized from
its description.
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