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Fifteen pigeons were given conditional discrimination training in which a colored sample
stimiiulus determined which of two line comtiparison stimuli (vertical and horizontal) was cor-
rect. As part of the conditional discrimination procedure, birds were required to make an
"observing response" to the sample stimulus presented on a wide key. The location on this
key of the required observing response for the two sample stinmuli differed by 0, 3, or 6 in.
(0, 7.6, or 15.2 cmii) for three groups of birds. Accuracy of conditional discrimination perform-
ance was directly related to the amount of separation. In subsequent generalization tests with
novel sample stimuli, both observing-response location and comparison responding changed
within the samiie region of the wavelength continuum from that appropriate for one of the
training samples to that appropriate for the other. A maintained generalization test (continued
reinforcenment for training stimuli) revealed this relation more strongly. A test in which
observing-response location was the only sample stimulus of a conditional discrimination
revealed stimiiulus control by this observing response, supporting a response mediation inter-
pretation of the data.

Several models of stimulus control have
relied upon response mediation. Schoenfeld
and Cumming's "instructional response"
(1963), Lawrence's "coding response" (1963),
Hull's "pure stimulus acts" (1930), and
Osgood's "signs" (1953, p. 392) are operants
that have been proposed as mediators of ex-
ternal stimulus control. A problem plaguing
each of these proposals, however, is the obscur-
ity of the hypothesized responses. Only rarely,
apparently, have overt mediating responses
been noted. Blough (1959) came closest to
observing directly response mediation of a
visual discrimination when he found that two
pigeons developed a response mediation of a
delayed matching-to-sample problem. They
were able to maintain accuracy at much longer
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delays than the usual 2 to 5 sec by emitting
topographically different response patterns
during delay periods following the two sam-
ples. Such a performance had developed even
though no responding was required during
these periods. Because operanda were not ar-
ranged to measure these behaviors and because
the mediators were easily disturbed by at-
tempts to photograph, even these mediating
patterns were not available for close study.

Tile experiments of Cumming, Berryman,
and Cohen (1965); Cohen (1965); Berryman,
Cumming, Cohen, and Johnson (1965); and
Cohen (1969) give impetus to the study of re-
sponse mediation of the stimulus control ex-
hibited in conditional discriminations. By
conditional discrimination is meant a dis-
crimination in which a standard or sample
stimulus designates which of a number of
comparison stimuli is correct. The control
exerted by this sample is called "instructional"
by Cumming and Berryman (1965). The ex-
periments noted were concerned with the
transfer of this instructional control to novel
sample stimuli. They report that for four
different conditional discrimination pro-
cedures, a novel color was (1) confused with
one of the training colors when presented as
a sample, but (2) discriminated from the train-
ing color when presented as a comparison
stimulus.

301

1970, 13, 301-316 NUMBER 3 (MAY)



DAVID A. ECKERMAN

Data from these studies were interpreted in
terms of the response mediation model dia-
grammed in Fig. 1. This model assumed (1)
that each training sample (Si and Sii) came to
control a different pattern of observing (Ri
and Ri,) that served to code the sample and
(2) that stimulus consequences of these coding
responses (Sri and Srii) combined with com-
parison stimuli (COn and COn1) to control re-
sponding to the comparisons. The interpreta-
tion Cumming et al. suggest for the transfer
data is that the novel color produced the
coding response for one of the old sample
stimuli and that once this coding response was
emitted, its stimulus consequences controlled
comparison choices.
The present experiment sought to make

coding responses in a conditional discrimina-
tion overt by requiring sample-specific observ-
ing responses. By making the proposed mediat-
ing responses overt, study of their properties
by direct rather than inferential methods be-
comes possible. The basic procedure resembled
the series of events diagrammed in Fig. 1. In a
trial, one of the two sample colors was pre-
sented and a sample-specific observing response
was required (peck in place I (RI) for sample
color I; place II (RI,) for sample color II)
before comparison stimuli (horizontal vs.
vertical lines) were presented. The first peck
at one of the comparison stimuli terminated
the trial and produced either reinforcement or
blackout. The role of the sample-specific ob-
serving responses was studied by comparing
acquisition of the conditional discrimination
for birds having different kinds of observing
responses (Exp. 1); by comparing generaliza-
tion of both observing response topography
and comparison choice to new sample stimuli
(Exp. 2 and 3); and by observing accuracy in
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Fig. 1. A diagram of the response mediation model
of conditional discriminations.

a conditional discrimination procedure where
response topograplhy was the only sample stim-
ulus available (Exp. 4).

EXPERIMENT 1: ACQUISITION OF THE
CONDITIONAL DISCRIMINATION

METHOD

Subjects
Fifteen experimentally naive Wlhite Car-

neaux cock pigeons, ranging in age from 5 to 6
yr, were maintained tlhrouglhout the experi-
ment at 75% of their free-feeding weiglht.
Experimental sessions were given only if a
subject's weiglht was within 2% of this value.
Birds were individually lhoused witlh free ac-
cess to water and grit in home cages. A seed
mixture (50% Kaffir corn, 40% vetch, 10%
lhemp) served as both the reinforcer and the
maintaining diet.

Apparatus
The experimental chamber was 12.75 in.

Ihiglh by 14.5 in. wide by 10.75 in. deep (32 by
37 by 27 cm). Chamber illumination was pro-
vided by two 7-w bulbs mounted behind a
white Plexiglas ceiling. Three response-key
openings and a feeder opening were cut in
one 14.5 in. (37 cm) wide wall; a TV camera
opening and an exhaust fan duct were cut in
other walls. The response-key wall was covered
by a thin layer of black matte finish vinyl
(albedo of 0.025) that covered all mounting
screws for apparatus positioned on this wall.
This equipment is described below.
The observing response key. The observing

response-key opening was a horizontal slot
centered at a height of 8.5 in. (22 cm) above
the floor, having a 0.75 in. (19 mm) heiglht and
a 9.75 in. (25 cm) length. Mounted behind this
slot were twenty 0.5 in. (12.7 mm) wide Plexi-
glas paddles strung from a common axle above
the slot. Microswitches were positioned be-
hind these paddles, each microswitch being
activated by movement of one of the paddles.
Excursion and force requirements varied be-
tween keys and from time to time. The range
of minimum values was 4 to 12 g (0.039 to
0.118 N) over 0.02 to 0.15 in. (0.5 to 3.8 mm).
Forces and excursions did not covary; nor
were they systematically related to position
along the key. Maximum excursion was
limited by a stop to 0.37 in. (9.5 mm). The
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position of the pecking response witlhin this
9.75 in (251 mm) slot was recorded as the
ntumber of the switch activated. Wlhen two
adljacent switclhes were simultaneously acti-
vated, a separate type of response was recorded
and later included in the tally for the right-
lhand key of the pair. Peck position was re-

cor(le(d as a binary code on a paper tape per-

forator. Because of limiting pulse length for
correct punclhing of position, a maximum rate
of recording was imposed. Recordled responses
were always separated by at least 100 msec;

the minimum switch closure leading to activa-
tion of recording and control systems was 2
msec.

The comparison response keys and stimuli.
Two round openings 0.9 in. (22.5 mm) diam-
eter were cut below the observing response
key at a lheight of 6.3 in. (16 cm), 2.5 in (6.5
cm) to the riglht and left of the panel midline.
Lelhigh Valley clear plastic pecking keys were

mouinted belhind these openings (required
force of 10 g (0.098 N). Display cells were
mounted 0.25 in. (6.4 mm) belhind the keys.
Displays were all of a black line 0.1 in. wide
(2.4 mm) (liameter of a wlhite circle. The
orientation of the line varied between dis-
plays.
The feeder. A Lelhiglh Valley (# 1347) feeder

was mounted behind a 2 by 2.4 in (5 by 6 cm)
lhole centered below the response keys at a

height of 4 in. (10.5 cm).
The sample stimuli. The observing-response

key could be back-illuminated by monochro-
matic liglht provided by passing collimated
light tlhrouglh Bausch and Lomb second order
interference filters. The modal wavelength of
the filter was 506 or 583 nm. After passing
tlhrough the filter, light passed a shutter into
a row of four -6 diopter cylinder lenses
oriente(l to spread the light beam horizontally
while retaining its 1.75 in. (4.5 cm) height. The
beam then fell on a compensating neutral den-
sity filter (equating brightness across the width
of the key) and a wlhite diffusing surface. Light
passed from this surface to back-illuminate
the sand blasted Plexiglas paddles of the
observing-response key.
An effort was made to equate brightness of

the various monochromatic lights, taking
Blouglh's (1957) pigeon luminosity function,
the color temperature of the bulb, and the
per cent transmission functions for the various
filters into account. Brightness was manipu-

late(I by addition of Wratten Neutral Density
filters.

Procedure
Initial training. After training on a punch-

board (Ferster and Skinner, 1957, p. 32), birds
were hiopper trained and shaped to peck the
observing response key illuminated with white
liglht. On Day 1, birds were given 40 reinforce-
ments (3-sec access to grain) for responses
anywhere within the 9.75-in. (52 cm) wide ob-
serving-response key. On Day 2, forty reinforce-
ments were delivered according to a variable-
interval schedule of reinforcement where the
average inter-reinforcement interval was 15
sec (VI 15-sec). Again a response on any loca-
tion witlhin the wlhite observing response key
was effective. On Day 3, the same schedule of
reinforcement was arranged, but the two
monochromatic liglhts were randomly pre-
sented on the key.

Differentiating observing responses to the
two colors. During the 15 days of training for
this plhase, responses on only some locations
produced reinforcement. Which location was
effective differed for the two colors and for
tlhree groups of five birds each. The locations
assigned to eaclh group were: Group 1-keys
10 and 11 (keys numbered from right to left)
for both colors; Group 2-keys 7 and 8 for the
506-nm liglht and keys 13 and 14 for the 583-nm
liglht; Group 3-keys 4 and 5 for the 506-nm
liglht and keys 16 and 17 for the 583-nm light.
Thus, Group 1 had no differentiation train-
ing specific to the stimuli presented, but was
trained to peck within the central 1-in. (2.54
cm) region of the key during both colors;
Group 2 had an intermediate distance 3 in.
(76 mm) and Group 3, a larger distance 6 in.
(152 mm) between the region appropriate dur-
ing one color and that appropriate during
the other.
By the end of this stage, sessions were com-

posed of 100 trials in which the observing-
response key was illuminated an equal num-
ber of times with each of the two training
colors. The first response in the location ap-
propriate to the color and the group that met
a VI 15-sec schedule contingency produced
reinforcement (2-sec access to grain) and ex-
tinguished the key light. Fifteen seconds after
reinforcement ended, the next color was pre-
sented on the observing-response key and the
VI 15-sec timer started.
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Shaping responses to the comparison keys.
After the above procedure was completed, the
observing-response key was covered with tape,
and responding was shaped to the comparison
keys. On each of 80 trials, one of the com-
parison keys was illuminated with either the
horizontal (00) or vertical (900) stimulus. The
first peck on the illuminated key produced
reinforcement (2-sec access to grain) and an
intertrial interval of 5 sec. Twenty reinforce-
ments were obtained for a peck at each com-
parison stimulus on each key.

Conditional discrimination training. For
the next 40 sessions, a conditional discrimina-
tion procedure involving both responses to
the observing-response key and responses to
the comparison keys was in effect. Sessions
were composed of 80 trials. A trial commenced
with onset of the 506-nm or 583-nm light on
the observing-response key. Responses to the
appropriate region of the observing-response
key (same as that shaped during differentia-
tion training) led, according to a VI 15-sec
schedule of reinforcement, to onset of the
comparison stimuli, a horizontal (00) and a
vertical (900) line. Each orientation appeared
on the left an equal number of times in each
20 trials. Once the comparison stimuli were
presented, observing responses no longer had
any effect, though the colored light remained
on the observing-response key until the end
of the trial. The first response to either com-
parison stimulus produced either reinforce-
ment (2-sec access to grain) or blackout (2 sec
with all illumination extinguished). For the
506-nm stimulus, a response to the 00 com-
parison produced reinforcement; for the 583-
nm stimulus, a response to the 900 comparison
produced reinforcement. The correct compari-
son appeared equally often on right and left
keys within each block of 20 trials. After rein-
forcement or blackout, a 15-sec intertrial in-
terval (keys dark, houselight lit) preceded on-
set on the next trial. No correction procedure
was used. One of three stimulus orders was
chosen for each day.
VR 3 reinforcement of the conditional dis-

crimination. The next 10 sessions followed
the same conditional discrimination procedure
except that (1) no blackouts were scheduled
and (2) reinforcement was not given for each
correct response. Reinforcement was sched-
uled according to a variable-ratio 3 schedule
of reinforcement (VR 3) for correct compari-

son responses (Nevin, Cumming, and Berry-
man, 1963). The first response to a comparison
stimulus still terminated a trial. Thus, the
maximum reinforcement density possible was
one reinforcement per three trials. Incorrect
and non-reinforced correct comparison re-
sponses produced a 17-sec intertrial interval.
Reinforcement continued to be 2-sec access to
grain and preceded a 15-sec intertrial interval.

RESULTS
Initial training procedures. All birds were

shaped to peck the observing-response key
within the first experimental session. Re-
sponding was observed at all locations along
the key, althouglh responding toward the cen-
ter of the key was more frequent. Performance
(lid not become hiighly stereotyped over the
initial training sessions; average deviation in
position (from the median response location)
ranged from 0.8 in. (20.3 mm) to 2.9 in. (71.1
mm). The average Redundancy2 (Attneave,
1959) for frequency distributions of respond-
ing across the key was 0.250.
The differentiation training of Days 4 to 17

shifted the locus of responding to specific re-
gions of the observing-response key. The re-
gions were dependent upon the color presented
and the group membership of the subject.
Relative frequency distributions of respond-
ing on the various key locations are shown in
Fig. 2 for the last day of differentiation train-
ing. The distributions for the two colors were
similar for Group 1 but differed for both
Group 2 and Group 3. Further, distributions
for the two colors overlapped more for Group
2 than for Group 3. These averaged distribu-
tions adequately characterize the performance
of each of the birds. It should be noted that
the stereotypy in performance was not strik-
ingly altered by the separation in regions

2Redundancy is a measure of variability that seems
especially applicable to topography, since it is designed
for nominal scale data. Redundancy is 0.0 for data
equally distributed among all possible categories and
is 1.0 for data that fall into one category exclusively.

i = k

Z -i log2 Pi

Redundancy = 1- log2 k for pi > 0

where pi is the proportion of data in category i and k
is the number of categories (in the present analysis
k=20).
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Fig. 2. Relative frequency distributions of response

locations averaged over all birds in each of the experi-
mental groups for the last session of differentiation
training.

(Group 1 vs 2 vs 3). The average Redundancy
of these distributions is 0.389.
During Session 18, responding was estab-

lislhed on the two comparison keys and the
two comparison stimuli (00 and 900 lines).
Slhaping was not required. Latencies did not
(liffer by the end of training for either key
or eitlher stimulus. Responding on a dark
comparison key was not observed after the
fiftlh trial.
Responding on the observing-response key

during conditional discrimination training.
During conditional discrimination training,
requirements for responding on the observing
response key were identical to those for differ-
entiation training. Responding produced con-
ditioned reinforcement (comparison stimulus
presentation), rather than primary reinforce-
ment. The performance remained highly
stable across this procedural change and over
the entire conditional discrimination training,
altlhough for Group 3 the variability of re-
sponding increased for one session after the
clhange from CRF to VR 3 reinforcement. Re-
dundancy averaged 0.435 for the last session
of conditional discrimination training.
Responding to comparison stimuli during

conditional discrimination training. Figure 3
presents the average accuracy of comparison
clhoice on each session for each of the three
groups. Througlhout training the three groups
differed in accuracy. Group 3 (with widest
separation between observing responses for
the two samples) acquired most rapidly and
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Fig. 3. Acquisition of the conditional discrimination.
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to the highest level of accuracy. Group 2 was
intermediate, and Group 1 lowest in accuracy.
The effect of changing from CRF to VR 3 was
minimal except for Group 2 wlhiclh showed a
decrease in accuracy of 6.4%. The average
change for the other groups was 0.7%. A
Kruskal-Wallis one-way analysis of variance
on the individual bird's accuracies over the
last five sessions shows the probability of such
a difference between groups resulting from
chance to be less than 0.001. The individual
bird's accuracies (Table 1) thus confirm the

Table 1
Ranked final accuracy levels and type of pre-acquisition
pattern of responding.

Average Pre-
Accuracy Acquisition

Rank Bird No. Group (%)' Patterns

1 227 3 91 HINK
2.5 230 3 84 HINK
2.5 223 3 84 HINK
4.5 216 1 79 OP
4.5 226 2 79 HINK
6 218 3 77 OP
7.5 219 1 75 OP
7.5 222 2 75 OP
9 217 2 74 LONK
10 224 3 69 OP
11 229 2 67 OP
12 220 2 64 LONK
13 225 1 56 OP
14 228 1 53 ?
15 221 1 42 ?

2Average accuracy over the last three training ses-
sions.
2HINK designates above 90% Near-Key Preference,

LONK designates between 70 to 85% Near-Key Prefer-
ence, and OP designates over 90% Overall Position
Preference observed before the conditional discrimina-
tion was acquired. A "?" indicates birds not included
in these three categories.

group differences. Whereas the group accuracy
functions show a gradual and fairly steady in-
crease, however, individual functions show
abrupt changes in accuracy with many rever-
sals and differences in accuracy for the two
sample colors. Figure 4 presents individual
functions for Group 3 to illustrate these dif-
ferences.

Figure 4 also introduces two measures of
the bird's performance other than per cent
accuracy; overall position preference is the
per cent deviation from equal distribution of
responding on the right and left comparison
keys. The near-key preference represents a
more complex variety of position preference

observed for Groups 2 and 3 birds. Since these
birds were required to respond away from the
center of the observing response key, they were
actually closer to one comparison key than
the other when the comparison stimuli were
presented. The near-key preference measure
is the per cent deviation from equal distribu-
tion of responding to near and far comparison
keys. Three of the five birds in Fig. 4 initially
displayed very hiigh near-key preferences; two
birds displayed very hiigh overall position
preference.

In Table 1, the pre-acquisition belhavior of
each bird has been classified. All except two of
the birds fall within one (and only one) of
these categories. There is a relation between
the variety of observing response required and
the type of pre-acquisition behavior shown;
furtlher, there is a relation between the pre-
acquisition behavior and the accuracy achieved
on the conditional discrimination. The three
Group 3 birds that developed high near-key
preferences, for example, reached the higlhest
accuracy, and the one Group 2 bird that de-
veloped a high near-key preference showed
the higlhest accuracy for Group 2. Group 1
birds were prevented from developing a near-
key perference because neither comparison key
was physically closer after an observing re-
sponse. It was possible for them to develop
overall position preferences, however, and
birds that did so reached higlher accuracy on
the coinditional discrimination.

DISCUSSION
The conditional discrimination accuracies

of the present experiment were lower than
those of previous studies of conditional dis-
crimination performance in pigeons (Cum-
ming and Berryman, 1965). The lower ac-
curacy cannot be attributed to the particular
stimulus dimensions used, for Carter, Cum-
ming, and Eckerman (1968) obtained above
90% accuracy in conditional discriminations
involving these same stimuli (i.e., color sam-
ples and line comparisons). Nor can the lower
accuracy be attributed to the observing re-
sponse requirements of the present study. In
prior studies, birds were required to peck in
the same location regardless of which sample
was presented, a requirement identical to that
for the lowest accuracy group of the present
study (Group 1). The lower accuracy does not
result, then, from any interference produced
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EXPERIMENT B
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Fig. 4. Accuracy and position preference functions for individual birds in Group 3 during conditional dis-

crimination training.
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by similarities in observing responses to the
two samples. Two apparatus characteristics,
however, may account for the lower accuracy:
the wide sample display area or the low posi-
tion of the comparison keys. Whatever the
source of the lower accuracy, it is hoped that
its only influence is to lower the baseline upon
which the experimental manipulation's effects
are observed.
The data support the notion that condi-

tional discrimination acquisition follows a
period of systematic pre-acquisition perform-
ance more readily than it follows a period of
non-systematic pre-acquisition performance
(Cumming and Berryman, 1965). There is a
further suggestion that the variety of pre-
acquisition performance may be correlated
with subsequent conditional discrimination
accuracy. Whether this relation is causal or not
remains problematical. It is difficult to under-
stand, for example, how a performance shown
early in training could determine the accuracy
of performance after 50 days. At this point, it
seems simpler to view the relation between
pre-acquisition performance and conditional
discrimination accuracy as correlational and
not necessarily causal.
Experiment 1 demonstrated a relation be-

tween the variety of observing response re-
quired and the conditional discrimination ac-
curacy: birds with sample-specific observing
responses (Groups 2 and 3) acquired the dis-
crimination more rapidly and to a higher level
of accuracy. The result is in accord with the
mediational interpretation of conditional dis-
crimination performance, which will be dis-
cussed at the end of the article.

EXPERIMENT 2: GENERALIZATION OF
THE OBSERVING RESPONSE AND
CONDITIONAL DISCRIMINATION:

TEST DURING EXTINCTION

METHOD

Apparatus and Subjects
Same as those for Exp. 1 except that 506,

525, 548, 565, and 583 nm interference filters
and line orientations of 0, 30, 45, 60, and 90
degrees were used.

Procedure
After completion of Exp. 1, the next three

sessions consisted of a generalization test con-

ducted during extinction. Any of five wave-
lengths of light could be presented on the
observing-response key; and any of five com-
parison orientations could appear. Since the
same orientation was never presented simul-
taneously on botlh comparison keys, 20 com-
parison pairs were possible. Every pair was
scheduled to appear with every color once in
each 100-trial session. Within each block of 20
trials, every comparison pair appeared once
and eaclh color, four times. Due to an error,
when the 300, 450, or 600 comparison stimuli
were paired, white light appeared on the
sample key whenever the 506-nm color was
intended. Data are thus available for respond-
ing to white light as well as for responding to
the five colored samples.
A trial commenced with presentation of one

of the five colored lights on the observing re-
sponse key. A peck anywhere on this key meet-
ing the VI 15-sec requirement produced the
comparison stimuli. The first response on an
illuminated comparison key extinguished the
stimuli and started a 17-sec intertrial interval
(houselight on). No reinforcements or black-
outs were scheduled.
A "limited hold" condition was placed on

trials. If no comparison response occurred
within 5 min after trial onset, the trial was
terminated and the next trial was presented
after an intertrial interval. After at least 10
consecutive cancellations by the limited hold
condition, a session was terminated.

RESULTS
Generalization of observing-response loca-

tion. The extinction generalization test pro-
vided data on generalization of responding on
the observing key in the presence of novel sam-
ple stimuli. Figures 5 and 6 plot two measures
of responding under each of the colors, sum-
med over all test sessions: Figure 5 presents
median response locus and Fig. 6 presents
a measure of variability of the distribution
(Redundancy).
Group 1. The median response location

and variability of performance remained fairly
constant across the sample stimulus dimension
for this group except that performance was
characteristically more variable during presen-
tation of the white-light sample.
Group 2. The median response location

changed gradually across the sample stimulus
dimension for all but Bird 217. Several of the
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medians are intermediate between the rein-
forcement regions of the observing response
key. These intermediate medians do not repre-
sent a bimodality in performance under the
intermediate stimuli, but reflect an increased
proportion of responding at central response
locations. For all Group 2 birds, variability of
response locus was greater for novel sample
stimuli. For the white-light stimuli, variability

was also high and median response location
was intermediate for four of the five birds.
Group 3. The performance of birds in

Group 3 was different from that seen in Group
2. The response location for intermediate
wavelengths was not intermediate, but was
within either one reinforcement region or the
otlher. The shift in response locus took place
between 525 and 548 nm for all except Bird
223. This bird produced the one intermediate
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median location obtained (548 nm). This in-
termediacy reflects a bimodality in the fre-
quency distribution of response location,
rather than an increased frequency of respond-
ing at intermediate response locations. For
the white-liglht stimulus, the median response
was similar to that of the 583-nm sample (Bird
224 being the exception).

Generalization of instructional control. The
extinction generalization test also provided
(lata on the stimulus control of comparison
choice. Two varieties of generalization may
occur: (1) generalization among samples: gen-
eralization of the instructional control ex-
hibited by one of the sample colors to some
novel sample color, and (2) generalization
among comparisons: a gradient of generaliza-
tion along the line orientation dimension for
comparison choices made in the presence of the
same sample color. These two kinds of gen-
eralization could both be assessed because
novel comparison orientations as well as novel
sa'mple stimuli were given. The measure P,o
wvas used to assess both types of generalization:
PCO = (R/T)100, where R is the number of
times a response was made to a particular

comparison stimulus (irrespective of which
otlher comparison stimulus was paired with it)
and T is the total number of times that com-
parison was presented (irrespective of wlhicl
otlher comparison stimulus was paired witlh
it). If the performance (lisplayed complete ad-
lherence to some "rule" suclh as "peck the most
vertical", P.( values for the five comparison
values would be 100%, 75%, 50%, 25%, and
0%. The function across these points has a
slope of 1.1%/degree, and represents a maxi-
mum slope for the P,. gradients. Obtained
slopes were less than this maximum, presum-
ably because of (a) the non-perfect accuracy on
the conditional discrimination and (b) the gen-
eralization among comparison stimuli them-
selves.

In Fig. 7, P,0 functions are averaged for all
birds that slhowed greater than 75% accuracy
in the last tlhree days of conditional discrimi-
nation training. (Other birds were excluded
because their behavior was apparently uncon-
trolled by color or line orientation). Separate
functions are presented for each of the five
sample colors and eaclh of the three groups;
each data point represents an average of 14

°° GROUP 1 506 525 548 565 583
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Fig. 7. Averaged functions for high-accuracy birds relating the probability of response to comparison stimuli

(P,O) for each of the five wavelengths given in the extinction generalization test.
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GENERALIZATION OF A CONDITIONAL DISCRIMINATION

trials for each bird. Peo values for 300, 450,
and 600 comparisons have been omitted for the
506-nm sample because of the experimental
error noted in the procedure section. The
averaged functions include the following num-
bers of subjects: Group 1 (2), Group 2 (3),
Group 3 (4).

Figure 7 reveals that the slope of the P,0
function was maximally negative under the
506-nm sample and maximally positive under
the 583-nm training sample. Intermediate
sample colors typically had intermediate
slopes for Groups 2 and 3. For Groups 2 and
3, the point of change in sign of the slope was

consistently the same as that wlhich produced
the largest shift in median response locus for
responding on the observing-response key (be-
tween 525 and 548 nm). The P,0 functions for
Group 1 do not differ greatly from those
obtained for Groups 2 and 3, although the
slopes do not change in as orderly a fashion
across the wavelength continuum. The slope
again changed sigin between 525 and 548 nm.

DISCUSSION
The extinction test demonstrated the gen-

eralization of observing responding to novel
sample stimuli. This generalization was nearly
complete for Group 3; that is, intermediate
stimuli yielded observing responding similar
to that emitted to one of the training stimuli.
These results replicate the prior observations
of Cumming and Eckerman (1965) with the
same response dimension (location of a key
peck within a 10-in. key), the observations of
Cross and Lane (1962) with human humming,
those of Migler and Millenson (1969) with a

two-lever discrimination, and those of Migler
(1964) with rats' pausing behavior. The lower
Redundancy for the intermediate stimuli of
the present experiment shows, however, that
the differentiated patterns of training were
not entirely duplicated for these intermediate
stimuli. Further, birds with intermediate
separation between observing-response pat-
terns (Group 2) showed a different variety of
generalization: intermediate stimuli produced
responding intermediate between that for the
training stimuli. This last observation suggests
that response class overlap may be an impor-
tant determinant of the generalization of dif-
ferentiated responding.
The generalization of sample control ob-

served in this extinction test differed from that

observed in the previous experiments (e.g.,
Berryman et al. 1965; Cohen, 1965, 1969;
Cumming et at. 1965). In the prior studies,
novel samples produced comparison choice
very similar to that produced by one of the
former training samples; in the present study,
novel samples produced comparison choice
intermediate to that produced by training
samples. The differences in procedure are too
many to allow meaningful suggestions about
the different results. The stimulus dimensions
and values, the number of sample and com-
parison stimuli, and the reinforcement con-
ditions present during the test all differed. The
present data, indicate, however, that one or
more of these variables critically determines
the form of generalization of sample control.
The fact that control of comparison respond-

ing varied continuously as sample color was
changed suggests a difference between this
generalization and that of response locus for
Group 3. The difference is less apparent, how-
ever, when response variability measures are
considered; novel sample colors produced less
stereotyped observing responding at the same
time that they produced intermediate com-
parison choice. Further, one very strong simi-
larity between the two generalization measures
is apparent: observing response location
showed its greatest change in the same color
region in which the slope of the P,0 gradient
changed sign.

EXPERIMENT 3: A MAINTAINED
GENERALIZATION TEST FOR
OBSERVING RESPONDING AND

COMPARISON CHOICE

METHOD

Apparatus and Subjeets.
Same as in Exp. 2.

Procedure
Birds were retrained for seven sessions under

the procedure of Exp. 1, except that blackout
duration was increased from 2 to 30 sec in the
last four sessions. A second generalization test
series was then given, consisting of three 50-
trial sessions. Five wavelength stimuli were
again presented (506, 525, 548, 565, and 583
nm), but only the training comparison stimuli
(00 and 90°) were used. Each sessions included
five presentations of each of the 10 stimulus
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combinations (each of five sample colors with
the 00 stimulus of the 0-900 pair on the right
comparison key and again with 00 on the left
comparison key). A trial commenced with the
onset of one of the five wavelengths of liglht
on the observing-response key. If this wave-

GROUP I

100

41

0

GROUP

length was one of the training values (506 or
583 nm), only responses in the appropriate
regions of the key led to onset of the compari-
sons. If the wavelengtlh was one of the three
intermediate colors (525, 548, or 565 nm), a
response anywlhere on the key meeting the VI
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Fig. 8. Observing response location and probabilty of response to the 0° comparison for each of the five wave-

lengths of the maintained generalization test. The number in the upper right-hand corner of each panel identifies
the bird.
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GENERALIZATION OF A CONDITIONAL DISCRIMINATION

15-sec contingency produced the comparisons.
The first response to a comparison stimulus
extinguislhed the wavelength and line stimuli
and started an intertrial interval (17 sec). For
training wavelengths, the comparison response
also produced either reinforcement (2-sec
access to grain) or blackout (2 sec) according
to the training contingencies; for intermediate
wavelengths no reinforcement or blackout
was presented.

RESULTS
Figure 8 presents the average median observ-

ing-response location and the per cent of re-
sponses to the 00 comparison (P0,.) during the
generalization test as a function of wave-
length for each bird.
Group 1. Average median response location

was constant across wavelength for all birds.
Those birds that previously displayed above
chance accuracy in the conditional discrimi-
nation (Birds 216, 219, and 225) show a step-
like P,O function; both 506 and 525 nm have
high P0o values and 548, 565, and 583 nm have
low P0O values.
Group 2. Only three of the 25 median ob-

serving-response locus values for Group 2 are
outside the reinforcement region of the ob-
serving-response key; there was an abrupt shift
from one observing-response type to the other
as wavelength varied. Again, those P0o. func-
tions that have non-zero slope have high values
for both 506 and 525 nm and a low value for
548, 565, and 583 nm.
Group 3. All 25 median observing-response

locus values fall within the reinforcement re-
gions of the observing key. Note that Bird 223
alone shifted observing-response locus between
548 and 565 nm. The other four birds shifted
between 525 and 548 nm. Only two P0o values
are intermediate between a high level char-
acterizing lower wavelengths and a low level
characterizing higher wavelengths. These two
intermediate values are the 548-nm value for
Birds 218 and 223.
The intermediate P0o value for Bird 223

should be interpreted in terms of a bimodality
of responding on the observing-response key
for this 548-nm stimulus. The median re-
sponse location for seven of the 30 trials in
548 nm was on the "583-nm" side of the ob-
serving response key. On all these seven trials,
a response was made to the 900 comparison.
When P0o. is computed for the remaining 23

trials it compares favorably with P0o. values
for 506 and 525 nm (plotted as an open tri-
angle in Fig. 8). There was thus a strong cor-
relation between observing responding and
responding to comparison stimuli.
The intermediate P0o value for Bird 218 is

related to a strong position preference for the
right-hand comparison key (26 of 30 trials). It
might be argued then, that position, wave-
length, and line orientation were jointly con-
trolling the bird's responding and that at the
548-nm sample color the relative control by
position was increased.

DISCUSSION
The maintained generalization test, as the

extinction test, showed for Group 3 an abrupt
shift in observing-response locus from that ap-
propriafe for 506 nm to that appropriate for
583 nm. During the maintained test, the shift
for Group 2 birds was rapid as well, and re-
sponding at intermediate response locations
was infrequent.
The pattern of comparison choice also

changed abruptly from that appropriate for
506 to that appropriate for 583 nm. Bird 218
alone showed an intermediate P0o that did not
correlate with a bimodality of response loca-
tion. The fact that the maintained test pro-
duced a more orderly and homogeneous per-
formance than the extinction test supports
Blough's (1969) stated predeliction for steady-
state over transitional measures of stimulus
control. Further, the fact that the maintained
test produced sample-stimulus control similar
to that of prior studies (e.g., Berryman et al.
1965; Cohen, 1965, 1969; Cumming et al.
1965) suggests that the mediation hypothesis
discussed later is more compatible with data
obtained for maintained performance than for
performance in transition.

EXPERIMENT 4: CONDITIONAL
DISCRIMINATION WITH RESPONSE
POSITION AS THE ONLY SAMPLE

STIMULUS
METHOD

Apparatus and Subjects
Four of the birds from Exp. 3 were used.

Apparatus was the same.

Procedure
Four birds, chosen from the highest ac-

curacy subjects, were given 11 sessions where
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the only sample stimulus was the required
position for responding on the observing-re-
sponse key. In these sessions, each of 80 trials
commenced with presentation of a white light
(1.25 log ft-lamb) on the observing-response
key. A response on this key was required for
presentation of the comparison stimuli. This
response had to meet both a VI 15-sec and a
response location requirement. On half the
trials, a response in the region of the key for-
merly required in the 506-nm sample led to
onset of comparisons. On the other half, a
response in the region formerly required in
the 583-nm sample led to onset of comparisons.
The order of required responses was scram-
bled. Both 00 and 90° comparisons were pre-
sented on each trial. The first response on an
illuminated comparison key produced either
reinforcement (2-sec access to grain) or black-
out (30 sec). If the required observing response
had been in the region formerly required for
the 506-nm sample, the 00 comparison was
correct. If the required observing response
was that formerly required for the 583-nm
sample, the 900 comparison was correct. This
relation between observing-response locus and
the correct comparison was identical to that
previously arranged when the colored sample
was also presented. Thus, this procedure tested
the adequacy of the position of "observing"
response in determining choice of comparison
stimuli.

RESULTS
The four birds all showed above-chance

accuracy. Figure 9 plots the per cent of trials
with a correct comparison choice. Separate
functions are presented for trials that required
a "'right-hand" observing response and for
trials that required a "left-hand" observing
response. It should be emphasized that this
white-light procedure represented a consider-
able departure from previous procedures;
birds took 130% to 362% longer than in Exp.
1 to complete the initial session. There was a
strong tendency to respond on the "583-nm"
side of the observing-response key in the white
light (a tendency also observed during the ex-
tinction generalization test of Exp. 2). The
preference for left-hand observing responses
gave way during the initial session to an
"alternation" pattern of observing responding.
Despite the radical shift in procedure, ac-
curacy for Birds 217, 223, and 230 averaged

between 65% and 72% (an average drop of
only 15% from previous accuracy with colored
sample stimuli). Accuracy for these birds was
as higlh during the first 20 trials of the initial
session as during the last 20. Accuracy varied
over sessions but showed no consistent im-
provement.

Bird 227 showed near-chance accuracy dur-
ing the first session; almost all observing re-
sponses were to the "583-nm" side of the key
(wrong for one-half the trials) and a near-key
preference characterized its comparison re-
sponding. Accuracy rose on the second day
and stabilized at 85 to 90%.

DISCUSSION
The above-chance accuracy of comparison

responding with position of observing re-
sponse as the sample stimulus suggests that
observing-response position had gained in-
structional control during prior conditional
discrimination training. The comparable ac-
curacies for the first and last blocks of the
initial session argue against attributing the
above-chance accuracy to learning taking place
during the test, as does the lack of a consistent
increase in accuracy across the 11 training
sessions. The one bird that showed an increase
did so in the second session; the increase was
a sudden change from chance to above 80%
accuracy, which paralleled a redevelopment of
responding at both positions of the observing-
response key.

DISCUSSION OF THE MEDIATION
HYPOTHESIS

The present data offer several lines of pre-
sumptive evidence for a mediation interpreta-
tion of simultaneous conditional discrimina-
tions. The strongest support is found in Exp.
4, where observing-response location was
found to control choice of comparisons even
though prior training had not required such
control. Such a finding represents support be-
cause the mediation hypothesis assumes that
sample-specific responses acquire control of
comparison choice.
A second line of support is the concordance

between generalization functions for observ-
ing-response location and comparison choice.
This concordance was most marked for the
maintained test, though also present during
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location was the only stimulus. The

the extinction test. A correlation between the
two behaviors is required because the media-
tion hypothesis asserts a causal relation be-
tween them. Two results that might at first
seem contrary to the mediation hypothesis
are not: (1) That Group 1 birds showed gen-

eralization of comparison choice similar to
that for groups that required sample-specific
observing responses is not evidence against
the mediation hypothesis. The hypothesis as-

serts that the development of sample-specific
behaviors takes place before the conditional
discrimination is acquired, whether these

behaviors are required or not. Inasmuch as

these inferred behaviors show generalization
like that of response location, their control
for comparison choice should be similar to
that for birds with experimenter-required
sample-specific behaviors. (2) The reduced
control of comparison choice during the
extinction test would be a problem for the
mediation hypothesis except for the observed
decrease in stereotypy of the observing re-

sponding. The reduced control of comparison
choice may reflect a decrement in the sample-
specific response stereotypy and a resulting de-
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crement in its response-produced stimulus
control.

Acquisition performance provides a third
line of support for the mediation hypothesis.
Required sample-specific observing responses
facilitated acquisition of the conditional dis-
crimination. A mediation interpretation might
assert that sample-specific responses were more
readily available to serve as mediating re-
sponses for birds with required sample-specific
response locations. Further, the greater over-
lap between observing-response patterns for
Group 2 could render these patterns less dis-
tinctive and hence less readily available as
mediators. The requirement of similar re-
sponding in both samples for Group 1 birds
might actually have retarded acquisition of
sample-specific responding.
The mediation hypothesis is not readily

subjected to test. It serves as a framework for
describing the observed broad generalization
of instructional-control at a time when narrow
generalization of comparison-control is also
observed. The present experiment does not
test the hypothesis. It does, however, affirm a
consequent of the mediation hypothesis in at
least three distinct ways while offering no
strong contradictions to it.
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