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The five pigeons in Group 1 were given successive intradimensional discrimination training in
which responses to a line of 490 were reinforced on a variable-interval schedule and responses
to a line of 330 were not reinforced. Subsequent generalization testing with other line orien-
tations revealed a peak shift from the positive stimulus in the direction away from the negative
stimulus in all subjects. The four pigeons in Group 2 received successive discrimination
training with the 490 value on the key during both stimuli. During the negative stimulus,
however, the floor was tilted 160 counterclockwise. When tested (with the floor flat) these sub-
jects showed peak shifts similar to those observed with Group 1. A third group of three
pigeons, given successive interdimensional discrimination training with the 490 line as the
positive stimulus and the absence of the line as the negative, showed no peak shift in a subse-
quent generalization test. It was concluded that tilting the floor on which the pigeon stood
systematically distorted the bird's visual perception of the orientation of the line in a manner
consistent with the results of other studies in this laboratory.

Successive discrimination training involving
two values closely spaced along the same con-
tinuum (e.g., wavelength) typically results in
a postdiscrimination generalization gradient
with modal responding displaced from the
positive stimulus (SD) in the direction oppo-
site the negative stimulus (SA). This "peak
shift" occurs whether responding to the SA
value is extinguished in training (cf. Hanson,
1959; Honig, Thomas, and Guttman, 1959;
Thomas, 1962) or is reinforced less often (cf.
Guttman, 1959; Terrace, 1966) or with less
duration (cf. Mariner, 1967) than responding
to the SD. Furthermore, the effect is neither
specific to the pigeon nor to the wavelength
dimension. Pierrel and Sherman (1960, 1962)
demonstrated a postdiscrimination peak shift
in rats after discrimination training along the
auditory dimension of loudness. Bloomfield
(1967) demonstrated (with pigeons) a postdis-
crimination peak shift along the visual dimen-
sion of angular orientation of a line ("angu-
larity"), a finding of particular significance for
the present study.

'This research was supported by Research Grants
NSF-GE-5159 and NIH-RO-1-00903-06 under the direc-
tion of the first author. These findings were presented
by D.R.T. at the October, 1966, meetings of the Psycho-
nomic Society in St. Louis. Reprints may be obtained
from David R. Thomas, Dept. of Psychology, Univer-
sity of Colorado, Boulder, Colorado 80302.

Thomas and his associates (Lyons and
Thomas, 1967; Thomas and Lyons, 1966;
Thomas, Lyons, and Freeman, 1966) obtained
data which they interpreted as evidence of a
"sensory-tonic" interaction between the incli-
nation of the floor on which the pigeon stands
during testing and its perception of the visual
vertical. It is presumed that visual perception
is affected by concurrent sensory input from
other modalities, including the kinesthetic
one. Thus, the muscular imbalance created by
tilting the floor on which the pigeon stands
results in systematic "errors" in perception. In
a typical study (Lyons and Thomas, 1967), pi-
geons were trained in a darkened Skinner box,
with the floor in a normal horizontal (00) po-
sition, to peck a key on which a white vertical
(900) line was projected. In subsequent gen-
eralization testing, the floor of the box was
tilted laterally (by differing degrees in differ-
ent groups) and the subjects tended to respond
maximally to a line tilted from vertical in the
same direction (e.g., counterclockwise) and by
the same extent that the floor was tilted. Thus,
when the floor is tilted 300 counterclockwise,
a line inclined at an angle of 1200 (300 coun-
terclockwise rotation from vertical) becomes
functionally equivalent to vertical. Presum-
ably then, a true vertical line, under that floor-
tilt condition, is "equivalent to" one rotated
300 clockwise under the normal floor condi-
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tion. According to this analysis, manipulating
the angle of the floor alters the "apparent" in-
clination of the line on the key, and the sub-
ject then responds accordingly.

If it is true that a tilt of the floor changes
the apparent inclination of the line on the
key, then discrimination training involving
two floor inclinations (with the key-line con-
stant) should be perceived by the subject as
involving two different angles of the line on
the key. With the key-line inclined, say, 490
from horizontal during the SD (horizontal
floor) condition, the key angle should be per-
ceived veridically, i.e., as 490. If the floor were
tilted 160 counterclockwise under the SA con-
dition, the (490) key-line should appear to be
inclined 330. Bloomfield's (1967)2 results sug-
gest that if the SA were actually (i.e., with re-
spect to gravity) 330, the result would be a
peak of responding displaced to an angle
greater than 49°. If the above analysis is cor-
rect, the 160 floor-tilt manipulation should
produce exactly the same result. The present
experiment sought to test this hypothesis.
Two groups of subjects were used. For each,

a line of 490 served as the positive stimulus
(SD) in discrimination training. For Group 1,
the negative stimulus (SA) was a line inclined
330; for Group 2 the key stimulus was un-
changed but the floor was tilted 160 counter-
clockwise during SA periods, presumably mak-
ing the 490 angle "equivalent to" one of 33°.
After the discrimination problems had been
mastered, both groups received identical gen-
eralization tests in which the floor was hori-
zontal and the line on the key varied from 00
to 900. To disting'uish between specific effects
of intradimensional discrimination training
(presumably occurring with both of these
groups) and general effects which would have
been obtained even if SA were not on the same
dimension as SD, (cf. Friedman and Guttman,
1965; Switalski, Lyons, and Thomas, 1966) a
third group was tested after training with 490
as SD and a white blank key as SA. No peak
shift was anticipated for this third group.

2Bloomfield (1967) used a 900 SD and found no mir-
ror-image effect. We found one in several pilot subjects
(for which a 900 SD value was used) before this experi-
ment was initiated. The reason (or reasons) for this dis-
crepancy remain to be specified, but one procedural
difference which may be significant is Bloomfield's use
of a house light. In our studies the key stimulus has
been the only source of illumination in the chamber.

The training stimulus of 490 was chosen to
avoid the possible complications which could
result from a mirror-image transfer effect.
Thomas, Klipec, and Lyons (1966) have shown
that pigeons trained to peck an oblique line
(e.g., 60° counterclockwise rotation from hori-
zontal) often yield bimodal angularity general-
ization gradients with peaks of responding at
both the conditioned stimulus and at its mir-
ror-image (in this case 1200). It was reasoned
that a peak shift from a vertical SD might also
be accompanied by a mirror-image which
would make interpretation of the results diffi-
cult. To avoid this possibility, a 490 SD was
used and testing was restricted to stimuli from
00 to 900.2

METHOD

Subjects
Twelve experimentally naive homing pi-

geons, maintained at approximately 75% of
free-feeding weight, completed the experi-
ment.

Apparatus
Two operant conditioning chambers, de-

scribed in detail by Hiss and Thomas (1963),
were used. In one, a gear mechanism permitted
the lateral (sidewise) inclination of the floor
up to 300 in either direction from horizontal
(00). With one exception, noted later, the key
stimuli to both boxes were supplied by Indus-
trial Electronics Engineers in-line display cells,
and consisted of a black line %-in. wide by
%-in. high on a white background. The line
could be inclined from 00 to 900 (vertical) in
8.180 steps.

Procedure
After magazine and key-peck training with

a 490 stimulus, all subjects received two daily
30-min sessions in which responses were rein-
forced on the average of every 30 sec (VI 30-
sec). These were followed by two daily 30-min
sessions of VI-I min training. During this
training, stimulus-on periods of 50 sec were
alternated with timeout periods of 10 sec, dur-
ing which the chambers were in complete
darkness. On the next day, discrimination
training was begun for all subjects. The SD
was the 490 training stimulus. For Group 1
(n = 5), the SA was a line of 33°. For Group 2
(n = 4), the SA was a 160 counterclockwise
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floor tilt with the key stimulus unchanged. For
Group 3 (n = 3), SA was a homogeneous white
key (illuminated by an appropriately placed
desk lamp).
During discrimination training, SD and SA

periods of 50-sec duration were randomly al-
ternated with 10-sec timeout periods interven-
ing. The VI-1 min reinforcement schedule was
in effect during all SD periods; responses in
the presence of SA and during timeout periods
were not reinforced. Discrimination training
was continued until each subject achieved a
discrimination ratio of 10 responses to SD for
each response to SA during a given 30-min
training session. On the next day, after 5 min
of warm-up training, each subject was tested
for generalization in extinction with 12 stim-
uli ranging from 00 to 900 in 8.180 steps.
These stimuli were randomized within a series
and five different random series were pre-
sented to each subject. Stimulus presentations
were for 50 sec with 10-sec timeout periods in-
tervening.

RESULTS AND DISCUSSION
Group 1. The discrimination between lines

of 490 and 330 proved to be exceedingly diffi-

cult for most subjects in this group. Bird B6
achieved criterion after 36 sessions, P3 re-
quired 72, P1 took 87, P5 needed 103 sessions,
and P2 took 137. Four other birds initially as-
signed to this group failed to approach crite-
rion after 137 sessions and were discarded
without being tested for generalization. The
generalization gradients of the five subjects in
Group 1 which completed the experiment are
presented in Fig. 1. Two attributes of these
gradients are immediately apparent.

First, a peak shift was obtained in every
case, with modal responding displaced from
SD 160 in two cases and 250 in the other three.

Secondly, the gradients are much more vari-
able (i.e., they show many more inversions)
than is typical of postdiscrimination generali-
zation gradients along the wavelength dimen-
sion. There appears to be no relationship be-
tween the extent of the peak shift and the
variability of the gradient, and neither seems
related to the number of training sessions re-
quired to achieve criterion.
Group 2. These subjects also found their dis-

crimination difficult; S1 required 27 sessions to
meet criterion, S4 needed 54, B13 took 76, and
S3 needed 105 sessions.

Figure 2 presents the generalization gradi-
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Fig. 1. Postdiscrimination generalization gradients for the birds in Group 1.
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Fig. 2. Postdiscrimination generalization gradients for the birds in Group 2.

ents of the four subjects in Group 2 for which
data are available. Each gradient shows the
predicted peak shift; the displacement of the
mode from SD is 160 in two cases and 250 in
the other two. These gradients are comparable
to those obtained with Group 1. The trough
in each gradient is clearly in the vicinity of
33°. This fact, in combination with the peak
shift from 490 in the direction opposite 330,
provides seemingly incontrovertible evidence
that when the floor is inclined 160 counter-
clockwise the 490 ke " line "appears to be" (i.e.,
the subject responds as if it were) inclined 33°.
One possible alternative interpretation re-

mains to be precluded; that training with a

line of 490 would yield a gradient with a dis-
placed peak even in the absence of intradi-
mensional discrimination training.
To test this possibility, Group 3 was given

interdimensional discrimination training in

which SA was simply the absence of the 490
line which characterized SD.
Group 3. The discrimination between the

490 line and the homoge'neous white key was

a very easy one. Pigeon G3 achieved criterion
in just three sessions, GI and G5 required six.

Interdimensional discrimination training
established some control over response rate by
the angularity dimension. The subjects in

Group 3 yielded extremely variable decremen-
tal generalization gradients with peak re-

sponding to the training stimulus value. De-
spite the variability of these gradients, it may
be concluded from them that the peak shift
observed with Groups 1 and 2 was attributable
to the use of another inclination of line (real
or apparent) as the SA. Again, as in Groups 1

and 2, there was no relationship between ses-

sions to achieve criterion and the nature of
the generalization gradient.

In conclusion, successive intradimensional
discrimination training with a 490 line as SD
and a 330 line as SA results in a peak shift in
the postdiscrimination generalization gradi-
ent. Successive discrimination training with
the 490 line always on the key, and the floor
tilted 160 counterclockwise during SA periods,
yielded generalization gradients comparable
to those produced with an actual 330 SA and
no floor-tilt manipulation. This supports the
contention that this floor-tilt manipulation
renders the 490 stimulus equivalent to one of
330, indicating that (as predicted) the visual
perception of vertical is systematically dis-
torted by the muscular imbalance created by
the floor-tilt manipulation. This study thus
contributes to a growing body of literature
which demonstrates that operant conditioning
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Fig. 3. Postdiscrimination' generalization gradients for the birds in Group 3.

procedures can be used to investigate complex
perceptual phenomena previously inaccessible
to scientific investigation in non-verbal orga-.
nisms.
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