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Pigeons received variable-interval reinforcement for key pecking during presentations of
horizontal and vertical line-orientation stimuli, while pecks during five intermediate orien-
tations were extinguished. Lowest peck rates were observed during presentations of negative
stimuli adjacent to the positive orientations while peck rate during 45 degrees (the inter-
mediate negative orientation) was relatively high, i.e., there were negative contrast shoul-
ders. When peck rates were manipulated in the positive orientations, peck rate in neighbor-
ing orientations changed in the opposite direction. Contrast shoulders faded after prolonged
training. A second type of contrast, local contrast, was correlated with similarity of pre-
ceding stimulus and different average peck rates during different stages of the discrimination
process. The data suggest that sequential local contrast accompanying the formation of a
discrimination contributes to the form of generalization gradients. Blough's model of stim-
ulus control predicts the changes in gradient form described here, but may not accurately
depict the underlying processes responsible for gradient form.
Key words: local contrast, dimensional contrast shoulders, maintained generalization, line

orientation, key peck, pigeons

Stimulus generalization is a key explana-
tory concept in psychology. Hull (1943) and
Spence (1936, 1937), as well as-Skinner (1938),
included generalization as one of the corner-
stones of conditioning along with primary and
secondary reinforcement. Spence's durable
model for discrimination learning most fully
exploits the concept of stimulus generaliza-
tion. This model hypothesizes that an alge-
braic summation of underlying generalization
gradients of excitation and inhibition around
reinforced and nonreinforced stimuli is suffi-
cient to explain phenomena characteristic of
discrimination learning, such as transposition.

Spence's model, which uses stimulus gener-
alization as its explanatory principle, stresses
the static aspects of stimulus control. This em-
phasis is reflected in common techniques for
assessing stimulus control, such as the method
introduced by Guttman and Kalish (1956).
The Guttman-Kalish technique consists of

This research was supported by grant number
MH-29774 from the National Institute of Mental Health
to John C. Malone, Jr. We thank Norman Guttman
and J. E. R. Staddon for their helpful comments. Re-
prints may be obtained from J. M. Hinson, Department
of Psychology, Duke University, Durham, North Caro-
lina 27706, or J. C. Malone, Department of Psychology,
University of Tennessee, Knoxville, Tennessee 37916.

using stimulus pretraining with reinforcement,
followed by a test. During the test, several
stimulus values appear along with the train-
ing value(s), and reinforcers are not available
for responding to any stimuli. The test stimuli
are supposed to act as probes to reveal the
form of the underlying generalization gradient.
Individual empirical gradients can be mapped
in this way to allow predictions about the
form of responding under different pretraining
conditions.
Data derived from this extinction-test pro-

cedure suggest the inadequacy of Spence's
model. The most notable findings are the ab-
sence of hypothesized additivity of underlying
gradients in the empirical postdiscrimination
gradient (e.g., Honig, Thomas, & Guttman,
1959; Kalish & Guttman, 1957; 1959) and
the presence of positive and negative peak
shift (e.g., Guttman, 1965; Hanson, 1959). Al-
though ad hoc gradients can be devised to fit
many cases, findings from the extinction-test
procedure place severe limitations on the use-
fulness of Spence's model (e.g., Hanson, 1959).
The virtues and failings of Spence's model are
detailed in Mackintosh (1974) and Rilling
(1977).
As opposed to the Guttman-Kalish tech-

nique, which is designed to reveal the form
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of static underlying generalization gradients,
the maintained generalization procedure, first
used by Pierrel (1958), provides an approach

to the dynamic processes underlying stimulus
control. The maintained generalization pro-

cedure involves daily sessions in which stim-
uli correlated with various conditions of re-

inforcement are successively presented. This
procedure allows tracking of empirical gra-

dients over time, permitting firmer inferences
concerning the development of stimulus con-

trol than is possible with massed-extinction
tests (see Blough, 1969; Malone, 1974; Malone
& Staddon, 1973).

Using a maintained generalization proce-

dure, Reynolds (1961) presented pigeons with
several positive and negative stimuli drawn
from a stimulus continuum obtained by ro-

tating an isosceles triangle. The response rates

of the birds were typically highest during posi-
tive stimuli adjacent to negative stimuli, and
lowest during negative stimuli adjacent to the
positive set. Analogous results have been re-

ported by Catania and Gill (1964) using a

column of lamps as a stimulus continuum,
Farthing (1974) and Malone (1975) using a

line-tilt continuum, and Blough (1975) using
a hue continuum. These "contrast edge effects"
or "dimensional contrast shoulders" (Essock &
Blough, 1977) are similar to peak shift and
do not follow in a straightforward manner

from Spence's model (cf. Farthing, 1974; Ma-
lone, 1975).

In addition to dimensional contrast shoul-
ders, maintained generalization procedures
have also revealed the presence of local (tran-
sient) contrast (Malone & Staddon, 1973; Nevin
& Shettleworth, 1966). Local contrast refers
to the sequential after-effects of stimuli pre-

sented in successive-discrimination procedures.
Positive local contrast is enhanced responding
during a stimulus when it is preceded by a

stimulus correlated either with less frequent
reinforcement or with a lower overall rate of
responding. The symmetrical effect, i.e., nega-

tive local contrast, is suppressed responding,
relative to baseline, when the preceding stim-
ulus is correlated either with more frequent
reinforcement or with a higher overall rate
of responding. Both effects may be large,
doubling or halving baseline response rate as

a function of stimulus sequence. Local con-

trast is pervasive in discrimination learning
(e.g., Mackintosh, 1974); it represents the op-

erant analogue of Pavlovian induction (Ma-
lone, 1976).
Given the inadequacy of Spence's static

model to explain phenomena such as dimen-
sional contrast shoulders, and given the per-
vasiveness of dynamic phenomena such as local
contrast, it is prudent to investigate the rela-
tionship between local contrast and dimen-
sional contrast shoulders. The experiment de-
scribed below investigated changes in the form
of the maintained generalization gradient and
local contrast during the development of a
discrimination along a line-tilt continuum.

Pigeons' key pecks were reinforced only
during two extreme orientations and extin-
guished during five intermediate orientations.
Local contrast among the negative stimuli fol-
lowed the pattern that would be expected if
each stimulus had been correlated with a
different reinforcement frequency, instead of
the same (zero) frequency. Transitions from
a stimulus maintaining a higher average peck
rate to a stimulus maintaining a lower rate
resulted in negative local contrast, whereas
transitions from a stimulus maintaining a
lower peck rate to a stimulus maintaining a
higher peck rate resulted in positive local
contrast, despite equivalent reinforcement con-
ditions.
The form of local contrast changed in or-

derly ways during training. Early in training,
local contrast in negative stimuli was stimu-
lus-specific (cf. Malone & Staddon, 1973); that
is, the magnitude of local contrast varied di-
rectly with similarity of orientation. The
greatest suppression occurred when the pre-
ceding stimulus was most similar. Later in
training, the direction and magnitude of local
contrast were determined by average response
rates. During this period of training, negative
contrast shoulders appeared. After extended
training, local contrast disappeared as did the
niegative contrast shoulders. Thus, changes in
local contrast paralleled changes in the form
of the overall gradients.

METHOD

Subjects
Six White Carneaux pigeons were reduced

to 80% of their free-feeding weights. All birds
had several months' prior experience pecking
white keys on the wall and floor of a different
chamber, with reinforcement provided by
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fixed-ratio, differential-reinforcement-of-low-
rates, or differential-reinforcement-of-other-
behavior schedules. This unpublished research
did not involve discrimination training among
stimuli or between spatial location of keys.
One bird was dropped from the present ex-

periment for failure to show stable baseline
responding.

Apparatus
The experimental chamber was a 33 by 33

by 40 cm steel and Plexiglas box enclosed
in a larger soundproof box. A Grason-Stadler
stimulus projector mounted behind the trans-
parent pecking key provided line-orientation
stimuli. The key was centered over a 3 by
2.4 cm magazine aperture. Reinforcement con-

sisted of 3-sec access to mixed grain. Dur-
ing reinforcement the 6-W houselight and the
stimulus on the key were extinguished. The
soundproofed box and a large ventilation fan
masked extraneous noises. Programming and
recording equipment was in an adjacent room.

Procedure
Seven line-orientation stimuli (00 [horizon-

tal], 150, 300, 450, 600, 750, and 900 [vertical])
appeared during successive 30-sec presenta-
tions. Pecking during 00 and 900 was rein-
forced according to a variable-interval (VI)
30-sec schedule; pecking during all other stim-
uli was extinguished. Each session consisted
of 108 stimulus presentations arranged in
eight blocks. At the end of each block the key-
light was turned off. During these dark-key
components, responding was never reinforced
and each peck reset a 30-sec timer that con-

trolled the duration of the component. This
procedure was used to facilitate control by line
stimuli on the key; all animals stopped re-

sponding during the dark-key components
within two sessions. The line stimuli were ar-

ranged randomly within blocks with the re-

striction that each stimulus precede all stimuli,
including itself, approximately equally often.
Some stimuli appeared more often than others.
Line tilts 00, 150, 300, and 600 appeared
daily in 16 components while 450, 750, and
900 appeared in 14 components. One of the
former four stimuli always preceded the dark-
key components. Due to the large number of
components and their quasi-random order,
the animals showed no discrimination of this

difference. The stimulus sequence remained
unchanged throughout all conditions of the
experiment.
The order of conditions was as follows:
Condition I. (Sessions 1-32) All stimulus

presentations lasted 30 sec and each stimulus
preceded itself and all other stimuli twice.

Condition I. (Sessions 33-47) Components
of 00 were shortened to 10 sec and components
of 900 were lengthened to 50 sec. This manipu-
lation was based on the finding that decreas-
ing the duration of a VI component increased
key-peck rate in that component (Hinson,
Malone, McNally, & Rowe, 1978; Shimp gc
Wheatly, 1971). Pecks in 00 and 900 were still
reinforced according to VI 30-sec. Pecks dur-
ing all other stimuli continued to be extin-
guished; the duration of the extinction com-
ponents remained 30 sec.

Condition III. (Sessions 48-149) The dura-
tion of all stimuli was returned to 30-sec, as
in Condition I.
The main dependent variable was pecking

rate during presentations of the nonreinforced
stimuli. Condition II, in which the durations
of the two reinforced components were changed
in opposite directions, was intended to deter-
mine the effect of changed average response
rates during the reinforced components on
peck rates in the extinction stimuli.

RESULTS
Condition I. Figure 1 shows data for indi-

vidual birds. For each bird, the upper left
panel represents maintained generalization
gradients averaged across five days of train-
ing for Condition I (days 28-32) and Condition
III (days 73-77). In Condition I, Birds 52 and
67 pecked about equally in the VI stimuli 0°
and 900, Bird 61 pecked more rapidly in 90°
than in 00, while Birds 57 and 66 pecked more
rapidly in 00 than 900; the only large differ-
ence between 00 and 900 was 34 pecks/min
for Bird 66. Peck rates for all birds in the
negative stimuli, 150, 300, 600, 750, generally
decreased with increasing angular difference
from the VI orientations. The most striking
feature of these gradients was the relative peak
in response rate at 450, the negative orienta-
tion equidistant from the positive pair. This
peak in the gradient represents a negative
contrast shoulder.
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the preceding stimulus, corresponding to the upper

panels. See text for details.

Below the overall gradients of Figure 1 are
displayed peck rates during the first 10 sec
of the positive components, 00 and 900, as a
function of the preceding component. (See
the legend in Figure 1.) This representation
maximizes the effect of local contrast, which is
usually most evident during the initial part
of the component. For all birds, local con-
trast functions mirrored generalization gradi-
ents of average response rate, being M-shaped
where the overall gradients were W-shaped.

Condition II. Shimp and Wheatley (1971),
Todorov (1972), and Hinson et al., (1978)
found that the VI response rate could be
increased by decreasing the duration of the
VI component. Condition II examined changes
in maintained generalization gradients and lo-
cal contrast when 00 was shortened to 10-sec
components and 900 was lengthened to 50-sec
components.

In Figure 1, the upper right panel for each
bird shows the maintained generalization gra-
dient averaged over the last five sessions of
Condition II. Peck rate increased for all birds
during the shortened VI stimulus, 00; it
changed little, or decreased slightly, during
the lengthened VI stimulus, 900. Increases in
00 ranged from a low of 10 pecks/min for
Bird 57 to a high of 30 pecks/min for Bird
66. The degree of increase was not correlated
with baseline peck rate.
The lower right panels of Figure 1 again

represent peck rate in the first 10 sec of 00
and 900 as a function of the preceding stimu-
lus. Peck rate in 00 was generally elevated
relative to Condition I, regardless of the pre-
ceding stimulus. An important change during
this condition is in the relative standing of
150 (nearest to 00) and 750 (nearest to 900).
For 4 of 5 birds, in succeeding 00 components,
the 150 components produced slightly greater
positive local contrast, relative to 750, than
they did in Condition I. Analogous, though
smaller, changes in positive local contrast oc-
curred in 900. As in Condition I when response
rates stabilized, so in Condition II average
peck rate in the preceding stimulus well pre-
dicted the magnitude of positive local contrast;
this was exemplified in the effects that 150
and 750 produced in the positive stimuli that
followed them.

Condition III. Component durations in 00
and 900 were changed back to 30 sec as in
Condition I. The upper left panels in Figure
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1 show maintained generalization gradients
for this period. These gradients show about
the same relationships among stimuli as in
Condition I, but absolute response rates in the
extinction stimuli were lower. The functions
describing local contrast in 00 and 900 in
Condition III (lower left panels; see legend)
were like those found in Condition I. Magni-
tude of positive local contrast was, again, well
predicted by average peck rate in the preced-
ing stimulus. As in Condition I, the different

negative stimuli affected gradient form as
would stimuli correlated with different fre-
quencies of reinforcement. The relative peak
in response rate in 450 was correlated with
less positive local contrast in 00 and 90°
components that followed 450 than in VI
components that followed other extinction
stimuli. Thus the increased peck rate in 450
functioned comparably to an increase in rein-
forcement to reduce the magnitude of positive
local contrast in the ensuing VI components.
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Fig. 2. Upper panels display maintained generalization gradients for the days indicated averaged across all ani-
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Table 1
Response rate in each stimulus as a function of the preceding stimulus over Days 17 to 19 of Condi-
tion I in Experiment I. See text for details.

Following Stimulus Following Stimulus

00 150 300 450 600 750 900 00 150 300 450 600 750 900

Bird 52 Bird 57
00 130 6 7 16 16 20 134 B 0° 68 16 12 27 24 36 81

.J150 167 12 13 30 31 37 186 J150 66 21 13 26 42 48 90
.%300 179 18 14 24 29 36 184 300 75 26 12 24 34 38 89

450 180 34 29 18 29 30 185 45° 95 39 21 20 21 26 89
600 181 36 32 20 22 24 180 < 600 96 48 29 22 12 28 86

M750 182 32 33 27 20 18 164 750 94 44 23 28 18 20 72
C900 134 8 8 14 12 11 129 900 79 17 14 26 10 24 66

Bird 61 Bird 66
u 0° 53 8 3 27 8 12 56 B 0° 59 10 15 21 16 8 63
J150 57 10 4 32 20 29 73 J150 64 18 23 47 38 30 98
A300 62 14 5 24 23 28 75 X300 69 22 17 34 34 29 98

450 68 20 12 20 18 24 74 w 450 72 25 20 29 28 24 96
s 600 70 25 18 28 14 18 70 G 600 70 28 26 36 24 19 92

750 72 23 22 38 18 12 65 750 73 27 28 43 29 17 88
' 900 50 8 6 25 5 7 52 900 55 12 10 23 22 10 73

Bird 67 Average Five Birds
u 0° 74 25 14 23 14 22 94 3 0° 77 13 10 23 16 20 86

150 84 21 12 35 14 38 93 J150 88 16 13 34 29 36 108
*300 85 13 17 21 11 33 96 A 300 94 19 13 25 26 33 108
w 450 104 20 16 20 11 27 101 w 450 104 28 20 21 21 26 109

600 95 28 21 19 12 22 86 600 102 33 25 25 17 22 102
750 92 27 24 31 11 18 79 750 103 31 26 33 19 17 94
900 87 28 25 24 7 20 70 900 81 15 13 22 11 14 78

Extended training. The major feature of
the generalization gradients of Figure 1 was
the relative peak in response rates at 450;
this feature of the gradients was still apparent
after 80 sessions. With further training, this
peak diminished and U-shaped gradients ap-
peared (see Figure 2). Just as local contrast
mirrored the gradient form in the earlier con-
ditions, so with extended training, local con-
trast disappeared when U-shaped gradients
appeared.
The parallel course of development of gra-

dient form and local contrast suggests several
possibilities. Local contrast could be caused
by dimensional contrast shoulders evident in
the global gradient, or both could be due to
another discriminative process. A third possi-
bility is that local contrast produces the glo-
bal gradient form. To evaluate this third
suggestion, data from three different periods
in training are presented in Figure 2. The
upper panels represent maintained generaliza-
tion gradients averaged across all birds for
days 17-19 (before response rates had stabil-
ized), days 28-32 (a period of stable gradient

form), and days 147-149 (extended training
and eventual gradient form). (Bird 67 was
discontinued after 90 sessions due to illness.)
The lower panels of Figure 2 present peck
rate in each stimulus as a function of the pre-
ceding stimulus for the training period indi-
cated. Tables 1-3 contain local contrast data
for individual birds over the same periods.

In the first panel of Figure 2 (early in train-
ing), the W-shape is just beginning to appear
in the overall gradient, and at this stage all
birds showed local contrast that was stimulus-
specific, i.e., similarity in angle between pre-
ceding and current stimulus best predicted the
magnitude of local contrast. For example,
peck rates in 150 or 300 and in 600 or 750
were low when the preceding negative stimu-
lus was similar (150, 300 and 600, 750, re-
spectively) and much higher when the pre-
ceding stimulus was more distant. When the
preceding stimulus was one of the VI pair,
00 or 900, peck rate was consistently lower.
It is possible that in the case of preceding
VI components the effect of similarity was out-
weighed by some inhibitory after-effect of food
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Table 2
Response rate in each stimulus as a function of the preceding stimulus averaged over the last
five days of Condition I in Experiment I. See text for details.

Following Stimulus Following Stimulus

00 150 300 450 600 750 900 00 150 300 450 600 750 900

Bird 52 Bird 57
0° 120 12 10 25 14 12 122 0° 60 8 5 15 10 13 58

J150 155 30 16 51 22 28 157 J150 85 23 12 34 22 20 91
300 179 43 22 61 28 47 179 30° 103 29 17 45 30 37 96
450 124 21 15 42 17 19 113 4450 79 14 9 20 16 12 80

- 600 180 46 29 64 24 43 178 . 600 90 20 14 31 25 36 81
750 154 32 24 54 19 25 148 Q 750 81 18 12 30 21 18 77

; 900 123 14 10 22 9 10 121 900 60 10 4 17 12 9 57

Bird 61 Bird 66

3 0° 39 8 2 10 3 4 35 | 0° 58 8 6 16 10 13 42
J150 68 17 6 17 6 7 76 J150 90 21 17 27 17 31 71
30° 79 22 7 23 8 12 78 300 93 25 22 28 20 33 81
450 66 13 2 16 4 7 56 t 450 84 17 19 24 15 38 69

G 600 78 24 6 24 8 12 73 t 600 96 27 24 30 23 32 78
}750 67 12 7 25 9 10 72 750 92 15 19 26 20 26 68
9900 36 7 2 8 2 3 40 900 62 12 12 18 13 11 41

Bird 67 Average Five Birds

0° 57 9 6 13 7 8 54 | 0° 67 9 6 16 9 10 62
15° 68 16 12 34 10 10 77 J150 93 21 13 33 15 19 90

A300 77 27 14 38 15 19 76 C 30° 106 29 16 39 20 30 102
bJ450 70 12 10 28 8 7 77 b 450 85 15 11 26 12 15 79
X 600 82 28 14 39 12 14 82 600 105 29 17 38 19 25 98

750 74 25 15 39 12 10 79 750 94 20 15 35 16 18 88
900 56 10 5 18 4 5 61 900 67 11 7 17 8 8 64

delivery itself. (We were unable to separate
extinction components on the basis of whether
the preceding VI component did or did not
have a food delivery. However, the account
is plausible since ordinal ranking of peck rate
in extinction stimuli preceded by VI stimuli
was correlated with similarity.) In any case,

peck rate in the extinction stimuli was strongly
affected by the similarity of the preceding
orientation.

Consider the local contrast curves for 150
and 300, and for 600 and 750 early in training.
The curves for 150/300 increase as they ap-

proach 900; the curves for 600/750 increase
as they approach 00. Each of these pairs pre-

sents half of an M-shape, reflecting increasing
distance from 00 (150/30° curves) or from 900
(600/750 curves). The curve for 450 approxi-
mates their summation; the end points are

not as low and there is an elevation on either
side of 45°. The 450 stimulus thus appears to
be at an optimal distance to benefit from dis-
similarity from both 00 and 90°. Since local
contrast at this stage of training is best pre-
dicted by similarity, it is plausible to argue

that the peak in response rate at 450 in the
global gradient is produced by local contrast
during the formation of the discrimination.
During the period of training represented in

the second panels of Figure 2, response rates
have stabilized and the gradient form shows
little visible change for weeks. At this point,
as noted earlier, local contrast is no longer
predicted by similarity of preceding stimulus,
but rather by average response rate. The
M-shaped local-contrast curves in the lower
middle panel of Figure 2 perfectly mirror the
form of the overall gradient above. The higher
the peck rate maintained by a stimulus, the
lower the rate in the following stimulus. Given
that local contrast, based on similarity, had
earlier produced the gradient form, local con-
trast now based on average response rate
would serve to maintain the W-shaped gradient.
The third panels of Figure 2 show data

from extended training. The upper right panel
shows that at this stage, the relative peak at
450 (the negative contrast shoulder) is entirely
absent from the generalization gradient. Peck
rates in the extinction stimuli are highest in
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Table 3
Response rate in each stimulus as a function of the preceding stimulus averaged over the last
three days of training in Experiment I. See text for details.

Following Stimulus Following Stimulus

00 150 300 450 600 750 900 00 150 300 450 600 750 900

Bird 52 Bird 57
2 0° 130 7 5 6 5 6 128 8 0° 80 8 4 3 5 6 85
J150 135 3 4 3 5 4 132 J 150 83 10 5 3 5 7 84

q 30° 134 4 4 3 4 7 133 = 300 85 11 5 3 4 9 83
C11450 135 4 3 3 3 6 130 M450 86 10 5 3 5 9 84

. 600 131 6 3 4 3 6 129 4 600 84 10 6 2 3 8 86
750 131 6 4 4 2 5 128 ; 750 84 9 4 4 6 7 87

; 900 132 7 6 6 6 5 131 ; 900 79 7 3 2 3 7 85

Bird 61 Bird 66
i 0° 78 7 2 3 2 6 82 i 0° 90 4 3 4 2 6 92

150 82 7 3 2 2 8 83 J150 92 5 3 4 2 7 91
c 300 83 8 3 2 2 8 80 q 300 94 7 3 3 4 7 91
b.450 82 9 2 1 2 9 83 t 450 95 3 2 2 3 7 93
i600 79 8 2 2 1 7 84 s 600 96 7 2 2 3 6 93

750 79 10 2 2 2 8 81 750 95 6 3 2 2 4 89
900 79 7 2 3 4 7 80 900 93 5 2 2 4 4 89

Average Five Birds
U 0° 95 7 4 4 5 7 97
S 150 98 6 4 3 4 7 98
A5 300 99 7 4 3 4 8 97
.2 450 100 8 3 2 3 8 98
X 600 98 8 3 3 3 7 98
t 750 97 8 3 3 3 6 96

900 96 7 3 3 4 5 96

150 and 750, the stimuli most similar to the
VI pair, although the absolute rates in all ex-
tinction stimuli are consistently low. The lower
right panel also shows that local contrast is
absent. There is no longer a discernible effect
of the preceding stimulus on the peck rate in
subsequent stimuli.

DISCUSSION
These data add to previous accounts show-

ing that the formation of a discrimination is
not adequately described by the Spence model
or by any account that assumes discrimina-
tion learning depends simply upon interact-
ing static gradients of excitation and inhibi-
tion. Over the period of training described
here, the most striking features of behavior
were dimensional contrast shoulders and local
contrast.
Blough (1975) has proposed a dynamic

model of stimulus control that couples a psy-
chophysical similarity function, akin to the
Spence generalization gradient, with a varia-
tion on the Rescorla-Wagner model of condi-

tioning (Rescorla & Wagner, 1972). Blough
specifically designed his model to account for
dimensional contrast shoulders. In fact, in
computer simulations we have found that with
appropriate choice of parameter values, many
of the results reported here fit Blough's model,
including the eventual disappearance of di-
mensional contrast shoulders. Blough's dy-
namic model explains what the classic Spence
model cannot. We shall not discuss the model
in detail, since our aim is neither to refute
nor confute the model. However, a shortcom-
ing of the model worth mentioning is that it
is essentially an "outcome" model that may
not accurately reflect the processes leading to
these outcomes. Blough's model does not yield
the local contrast effects described here. Fur-
ther, Blough's (1975) failure to simulate the
mnagnitude of dimensional contrast shoulders
by parameter manipulation may well be due
to failure to recognize the contribution of
local contrast. Similarly, earlier suggestions
(e.g., Catania & Gill, 1964; Malone & Staddon,
1973) that a "neural-unit" model fashioned
on the formal processes described by Bekesy
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(1967) might account for data such as these
are also called into question by the time-
dependent nature of local contrast.

Farthing (1974) reported dimensional con-

trast shoulders using a line-orientation con-

tinuum. His pigeons pecked at the highest
rates during VI stimuli bordering a set of ex-

tinction values. Negative shoulders did not ap-

pear, probably owing to a floor effect, since
key pecking to all extinction stimuli was ex-

tremely low. The positive contrast shoulders
persisted for over two months, but after 60
to 80 sessions they were displaced by Spencian
gradients; the highest peck rates then occurred
in VI stimuli most distant from the extinction
set. Catania and Gill (1964) similarly found
that their contrast shoulders faded with con-

tinued training but they were able to rein-
state them in several ways, all of which ren-

dered the discrimination more difficult. For
example, the dimensional-contrast effects re-

turned if a plastic plate covered the 16 lamps
that served as a stimulus- continuum, thus
making them less discriminable.
Why should contrast shoulders fade with

training and why should obscuring the stimuli
restore them? Perhaps low stimulus discrimi-
nability leads to local contrast, which in turn

produces contrast shoulders. Malone (1976)
found that local contrast that had disappeared
would return if the stimuli were made more

similar and thus less discriminable. He sug-

gested that this could account for the occa-

sional indefinite persistence of induction which
puzzled Pavlov (1927).
The crucial question is whether local con-

trast produces contrast shoulders, accentuates
differences produced in other ways, or is
merely the outcome of the same discriminative
processes that produce contrast shoulders. Our
data show that early in training local contrast
is stimulus-specific; that is, the magnitude of
local contrast is greatest when the preceding
stimulus is most similar to the current stimu-
lus. This stimulus-specificity may account for
decreased response rate in extinction stimuli
adjacent to a VI stimulus. Though local con-

trast sometimes depends on stimulus similarity
(e.g., Mackintosh, 1974; Malone, 1976), it was

not previously known to depend on the stage
of training. (Malone's [1976] effects were pres-
ent after prolonged training, but the discrimi-
nation was a difficult one.) Given that the
form of the gradient (contrast shoulders) had

already been determined by local contrast,
later in training that form would be main-
tained and accentuated by local contrast that
is dependent upon average response rates. Why
local contrast should act in this time-depen-
dent manner is a question still to be answered.
The data presented here argue for the im-

portance of sequential processes in determin-
ing overall gradient form in maintained-gen-
eralization procedures. The importance of
sequential effects has also been noted in sev-
eral studies employing the Guttman-Kalish
technique. For example, Honig et al. (1959)
found that massed extinction of responding
during a stimulus in discrimination training
was insufficient to produce peak shift, and
Donahoe, McCroskery, and Richardson (1970)
reported that mixed presentations of positive
and negative stimuli were necessary to pro-
duce peak shift. These authors suggested that
Pavlovian induction (i.e., local contrast) is
important in discrimination learning. Further,
Ellis (1970) concluded that discrimination
training must include stimulus sequences of
positive stimuli preceded by negative stimuli
in order for peak shift and contrast to appear
in the post-discrimination gradient. Ellis went
on to suggest that sequential dependencies
could be incorporated into Bush and Mostel-
ler's (1955) linear operator model (the basis
of the Rescorla-Wagner and Blough models)
by using different operators for different se-
quences of stimuli.

If Blough's model were extended to take
local contrast into account it would become
more similar to Konorski's (1948) model for
discrimination learning. Konorski explained
Pavlovian induction (which is analogous to
local contrast) by assuming the existence of
"subliminal reflexes" dependent upon shared
elements of CS+ and CS-. In brief, presenta-
tion of a CS+ elicited tendencies both to re-
spond and not to respond. This "subliminal"
tendency not to respond found expression dur-
ing a subsequent CS-, leading to suppressed
responding. A similar sublimal CS+ response
during CS- was held to produce enhanced
responding during the following CS+. Such
subliminal tendencies depended upon response
strength associated with CS+ and CS- and
tupon their similarity.
While the Blough model seems useful, a

treatment including sequential effects, which
may be responsible for overall gradient forms
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and which, at the least certainly contribute to
them, promises a more nearly complete ac-
count. This may involve incorporating local
contrast into the Blough model, or the devel-
opment of an independent model based upon
sequential effects. In either case, these processes
should play an important role in theories of
stimulus control.
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