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Behavioral contrast reliably occurred in pigeons following errorless discrimination train-
ing, contrary to Terrace's (1963) observations. In the main experiment, a 60-sec green key-
light, associated with a variable-interval 30-sec schedule of reinforcement alternated with
a 60-sec period of extinctioni when the key was dark. Suich aspects of the discrimination
training procedure as: (1) the amount of prior nondifferential exposure to the positive
stimulus before the discrimination was instituted, and (2) the rapidity with which the
negative stimulus was introduced (whether progressively or abruptly) directly influenced
the amount of behavioral contrast produiced. This occurred independently of the number
of errors made by a pigeon during acquisition of the discrimination. In a series of con-
trol experiments, substitution of a red keylight for the dark key during extinction re-
sulted in greater behavioral contrast, while an increase to 3 min in the duration of the
green keylight associated with reinforcemnent attenuated the behavioral contrast effect.
Key words: behavioral contrast, errorless discrimination, acquisition of discrimination,

discrimination training, errors, extinctioni, key peck, pigeons

Behavioral contrast is often observed within
the context of successive discrimination train-
ing. For one stimulus, S+, the consequences
of responding remain constant throughout the
experiment; the schedule of reinforcement as-
sociated with that stimulus never objectively
changes. However, when S+ alternates with
another stimulus, S-, whiclh is associated with
nonreinforcement (or reinforcement on a less-
preferred schedule) for the same response, an
increase in responding (luring S+ occurs rela-
tive to the baseline rate of responding during
S+ (Reynolds, 1961). This response-rate in-
crease is the defining characteristic of behav-
ioral contrast.
Stemming from his early iiivestigatioins of

the acquisition of a discrimination (Terrace,
1963), Terrace (1972) formulated an influen-
tial theory to account for behavioral contrast
as a byproduct of discrimination learning.
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University, New Orleans, Louisiana 70118. The authors
wish to acknowledge the invaluable assistance of Harry
Jay Caplan in designing and criticizing this project and
of Jacquelinie Dawley, Donaldl Stehouwer, Marcia Van-
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The critical observation from which Terrace's
theory evolved was that behavioral contrast
occurred only when the discrimination train-
ing procedure produced a reduction during
S- of the response that is reinforced during
S+. Such responses during S- are commonly
designated as errors. Wlhen the discrimination
was acquired without such errors, no behav-
ioral contrast was observed (Terrace, 1963).
Terrace consequently concluded that behav-
ioral contrast does not occur in cases where a
discrimination is acquire(d without errors.

Considerable research challenges the valid-
ity of Terrace's conclusion. For example, Hal-
liday and Boakes (1974), Reynolds (1961), Sa-
dowsky (1973), Tatis and Hearst (1970), and
Vieth and Rilling (1972), investigated the ef-
fects of blackouts on behavioral contrast. Be-
cause the pigeon easily discriminates the
blackout from the stimuli associated with re-
inforcement, the blackout serves as an S- that
readily occasions errorless (or nearly errorless)
performance. In each of these studies, the rate
of responding during S+ increased above base-
line rates when alternated with a blackout
period, even tlhough few responses were made
during blackout periods.

Because Terrace's (1963) observation that
behavioral contrast occurs only in subjects
that learned the discrimination with errors
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is so fundamental to his theory of discrimi-
nation learning, and yet so discrepant from
the results noted above, the present study in-
tensively investigated the influence of Ter-
race's discrimination training procedures on
the magnitude of behavioral contrast. Essen-
tially, this experiment tested whether pigeons
that acquire a discrimination errorlessly fail
to show behavioral contrast, regardless of the
procedure used to generate the errorless dis-
crimination. This crucial test of Terrace's ma-
jor premise has never been performed uinder
conditions that approximate the context of his
original investigation. For this reason, a sys-
tematic replication of Terrace's (1963) study
(Experiment I) was attempted. If no compel-
ling relationship between the occurrence of
errors and the occurrence of behavioral con-
trast is demonstrated, then the alternative lhy-
pothesis must be entertained that the train-
ing procedure itself mitigates against both the
occurrence of errors and the occurrence of
belhavioral contrast. This interpretation is
plausible when one considers that Terrace's
(1963) errorless group, which showed no be-
havioral contrast, was also the only groupl that
experienced one particular training condlition
(Early-Progressive training).
Terrace (1963) considered two procedural

variables in deriving his discrimination train-
ing methods: the time in the pigeon's experi-
mental history at whiclh discrimination train-
ing is instituted, and the rapidity with which
S- is initially introduced. Clarifying the in-
fluence of these variables on the production
of errors during S- and of behavioral con-
trast was the focus of the present l)roceduiral
analysis.

Manipulation of the time at which discrim-
ination training is introduced influienced the
amount of nondifferential exposure to S+
each pigeon received before S- was intro-
duced. Thus, for some pigeons, discrimination
training followed a period of nondifferential
baseline training on S+, with the time of in-
troduction thus described as Late. For other
pigeons, discrimination commenced from the
first day of training, a condition labelled
Early.
The introduction of S- was accomplislhed

either abruptly or gradutally across trials. The
abrupt introduction of S-, termed the Con-
stant procedure, involved presenting S- at
full duration and intensity from the outset of

discrimination training, differing from S+
only with respect to the relevant stimulus di-
mension: wavelength or color. This is in con-
trast to the Progressive procedure, which in-
volved first presenting S- at reduced intensity
for brief exposures and then gradually increas-
ing intensity and exposure time with succes-
sive presentations of S-.
Each of the four procedures that resulted

from crossing tile Early versuis Late time of
initiation of (liscrimination training condi-
tions with the Progressive versus Constant
manner of S- introduction ultimately pro-
duced a discrimination. However, the quality
of the discrimination obtained for groups dif-
fered considerably. Among these differences
was the fact that the Early-Progressive group
alone displayed errorless or nearly errorless
performance, and at the same time it was the
only group that did not exhibit behavioral
contrast.

In order to partition the presumed effects
due to training procedure from those due to
responding or not responding to S-, it was
necessary to establish more than one errorless
group in the present study. The key to the
design of this aspect of the experiment was
evidence, cited previously, that the rate of
pecking a dark key is very low when respond-
ing on an illuiminated key is reinforced. Since
the likelihood of significant responding to a
dark key is low, the probability of producing
another errorless groulp by Terrace's suggeste(d
criterion of 25 or fewer responses tlhroughout
the course of the experiment (Terrace, 1972)
is greatly increased wlhen a dar-k key is uised
as S-.

METHOD

Si bjects
Forty adult female White Carneaux pi-

geons, with no experimental history, were
maintained at 80 ±+-2% of free-feeding body
weiglhts and individlually lhousedtunder conidi-
tionls of constant illumination and free access
to water and grit.

A pparatnis
Two standard tlhree-key operant chambers

(LVE model 1519) were equipped with LVE
model 1348 QL, stimulus projectors. Only the
rigl t key, 5 cm to the right of center and
25 cmii above the floor, operated; the other
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keys were covered. A minimum effective force
of 0.2 N was requiired to operate thie response
key, wlhich was lighted either red or green or

remained dark. The key-peck response occa-

sionally resulted in the presentation, accord-
ing to schedule, of a hopper of mixed grain as

a reinforcer. Except during scheduled black-
outs, the chambers were each illuminated by
2.25-W houiseliglhts. Extraneous sound(ls were

partially maskedl by ventilating fans in each
chamber. Electromechanical programming
an(l recording equipment was contained in an

a(ljacent room.

Design
The variables, time of introduction of S-

(Early or Late), and rapidity of introdutction
of S- (Progressive or Constant), were nianipiu-
lated in a 2 x 2 factorial design. Eight pigeons
serve(I in each of the four main treatment
groups. Four other pigeons also served in
each of the two control groups. For pigeons
in each group, within-subjects comparisons
were made possible by multiple alternations
between l)aseline and (liscrimination training
condlitions.

Procedure
Because only those factors relating to the

introduction of S- differed across the four
main treatment groups, the conditioins for
baseline and discrimination trainiing were

identical for all birds. Consequently, the pro-

cedures for each training phase are described
below without regard for the specific treat-
ment group designation of each pigeon. The
order of these training phases, however, re-
flects the Early versus Late group distinctions,
witlh subjects from the Early groups beginning
immediately with discrimination training
while subjects from the Late groups estab-
lished baseline levels of responding before
discrimination training was instituted. The
Progressive versus Constant grouip distinction
determined the rapidity with which exposure

to S- was initiated during the first discrimi-
nation phase. The basic procedure followed
for each group is outlined in Table 1.

Baseline training phases. During all base-
line sessions, only one stimulus component
was available. The response key was green

(S+) for 60-sec periods, during which time a

variable-interval (VI) 30-sec schedule of rein-
forcement was in effect. Eaclh 3-sec reinforce-
ment presentation was arranged according to
the formula described by Catania and Reyn-
olds (1968) for deriving constant-probability
VI schedutiles. During reinforcement, the key-
light changedl from green to red. Successive
presentations of S+ were separated by 3-sec
blackouts, dturing which time the key- and
houiseliglhts were tuirned off. Daily baseline ses-

sions terminated after 25 presentations of S+.
Discrimnination training phases. The prin-

cipal distinction between baseline and dis-
crimination training phases consisted in the

ble 1

Stummary of Training Procedutres for Experimental Groups

Experimwental Groups

Phiase Early-Progressive Early-Constant Late-Progressive Late-Constant

Pr-ogressive introduiction Constantt introdtiction
of S- of S- BASELINE BASELINE

I
DISCRIMINATION DISCRIMINATION Training Training

Training Training

Progressive intr-oduiction Constant introduction
BASELINE BASELINE of S- of S-
Training Trlaining DISCRIMINATION DISCRIMINATION

Tr-aining Training

I)ISCRIMINATION D)ISCRIMINATION BASELINE BASELINE
Training Training Tr-aining Training
BASELINE BASELINE DISCRIMINATION DISCRIMINATION
Training Tr-aining Tiraining Tr-aining

v DISCRIMINATION DISCRIMINATION BASELINE BASELINE
Training Training Training Training
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interpolation of a stimulus correlated with
extinction (S-) between successive presenta-
tions of S+ during discrimination training.
Sixty-second presentations of a dark key (S-)
alternated on a pseudorandom schedule with
60-sec presentations of the green key S+, sepa-
rated by 3-sec blackouts. No stimulus was pre-
sented more than twice in succession.
A multiple schedule of reinforcement was

in effect during the discrimination training
phases, with S+ associated with a VI 30-sec
schedule (as it was during baseline training)
and S- associated with extinction. Responses
during S- had no scheduled consequences.
Daily discrimination training sessions termi-
nated after 25 presentations each of S+ and
S- components, making a total of 50 stimu-
lus presentations.

Introduction of S-. Immediately after the
key-peck response was established and 25 con-
secutive responses were reinforced, the train-
ing conditions appropriate to each group were
instituted. Both Early groups (Early-Progres-

sive and Early-Constant) were placed in the
discrimination phase with the next experimen-
tal session. The Late groups (Late-Progressive
and Late-Constant) established baseline levels
of responding to S+ before the discrimination
phase was initiated.
The Progressive procedure for introducing

S- preceded the first discrimination phase for
the appropriately designated groups (Early-
Progressive and Late-Progressive) according to
the procedure outlined in Table 2. All dis-
crimination-phase contingencies were in effect
throughout the Progressive introduction of
S-, but the dark key was gradually faded in
by increasing the duration of its exposure. No
special procedure was necessary for the Con-
stant groups because they were exposed to S-
at full duration from the first session of dis-
crimination training.

Control groups. Discrimination training for
both control groups followed the basic Early-
Progressive procedure. The training proce-
dure followed with the Red S- control group

Table 2

Summary of the Five-Day Progressive Procedure for Introducing S-

Day I Day 2 Day 3 Day 4 Day 5

S- S- S- S- S- S- S- S- S- s- S-
Trial Duration Intensitya Duration Intensity Duration Intensity Duration Intensity Duration Intensity

1 2 5000 2 2000 2 1000 2 600 3 300
2 3 4 6
3 4 6 9
4 4, 4, 4 4,
5 3 5 8 12
6 6 10 15
7 4, 4, 4 4
8 4 4, 7 4 12 4, 18 4
9 1400 8 850 14 500 21 200
10 4, 9 16 24
11 4 5 10 18 27
12 3 11 20 30
13 4, 12 22 33
14 6 4, 13 4, 24 4, 36 4
15 1200 14 700 26 400 39 100
16 4 4 15 28 42
17 2000 7 16 30 45
18 4 4 4
19 4 17 32 48
20 4 8 4 18 4 34 4, 51 4,
21 4 1000 600 4 300 4, 0
22 4 19 36 54
23 9 20 38 57
24 21 40 60
25 4, 4 4 4, 22 4 42 4 60 4

Group. For all other groups, S-
NOTE: S- duration is reported in seconds, S- intensity in ohms resistance.
aS- intensity manipulations were performed only for the Red S- Control

was a dark key.
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differed from that applied to the Early-Pro-
gressive group in the main experiment only
in the respect that during S- the key was red
rather than dark. The red S- was introduced
according to the schedule described in Ta-
ble 2. The intensity of S- was controlled by
placing a resistor in series with the 24-V, type
757, red stimulus light. The intensity values
listed in Table 2 are in units of ohms resist-
ance. The Three-Minute S+ control group
was exposed to stimulus comnponents identical
to those used in the main experiinent in all
respects except S+ duration. Total S+ time
was hleld constant at 25 min, but each succes-
sive presentation lasted 188 sec. Eight presen-
tations of S+ alternated with eight 60-sec pre-
sentations of the dark key as S-.
Phase termination. The decision to termi-

nate each baseline and discrimination train-
ing phase was based on a comparison of each
pigeon's behavior with a stability criterion: a
new phase could be initiated after at least 10
days of exposure to a given phase, but then
only if the standard deviation of the rate of
key pecking for five consecutive experimental
sessions was less than two responses per min-
ute. Any bird whose responding failed to sta-
bilize within 35 sessions on any phase was
dropped from the study. Only one pigeon
(from the Early-Constant group) failed to ex-
hibit stable performance by the thirty-fifth
day of the first discrimination training phase
and consequently was replaced.

For each group, a total of four clhanges in
training phase occurred, yielding a BABAB
configuration for Early groups, which began
oIn the discrimination phase (B) and were then
shifted to baseline training (A), then back to
discrimination training, etc., and an ABABA
configuration for the Late groups, whichi be-
gan with the baseline phase (A), were then in-
troduced to the discrimination training phase
(B), and then shifted back to baseline, etc.
The Red S- and Three-Minute S+ control
groups experienced only two training phase
clhanges.

RESULTS
Chief among the results were the observa-

tions that the number of errors emitted dur-
ing S- and the amount of behavioral contrast
were independently influenced by the time at
which S- was introduced, and to a lesser de-

gree by the rapidity with which S- was intro-
duced. No systematic relationship was found
between the occurrence or nonoccurrence of
responding during S- and the production of
behavioral contrast. The greatest influence of
the Progressive or Constant S- introduction
procedure was on the distribution of responses
during S-.

Responses during S+. Figure 1 illustrates
the rate of responding to S+ exhibited by two
individual subjects randomly selected from
each training group across training phases.
Because the number of training sessions dif-
feredl between subjects, due to the imposition
of the stability criterion, only the first and last
five training sessions are represented for each
training phase. Baseline sessions are captioned
on each figure as "S+ ONLY"; discrimina-
tionl sessions are captioned as "S+ IS-". For
ease of reference, discrimination phases are
also indexed. The first five sessions of S+1S-1
presented for the Late-Progressive group are
the five discrimination sessions that immedi-
ately follow the progressive introduction of
S-. The numbers in parentheses indicate the
number of errors made by that pigeon during
each discrimination training phase.

It is important to recognize that the condi-
tions associated with S+ are never physically
changed. Any changes in S+ response rate are
instead due to the effect of S- alternating
with S+ during discrimination training. An
increase in S+ response rate at transitions
from baseline to (liscrimination training de-
notes behavioral contrast, as does a decrease
in response rate at transitions from discrimi-
nation training to baseline conditions. In all
subsequent discuissions, the magnitude of be-
havioral contrast observed was measured by
comparing the mean S+ response rate for the
final five sessions of one training phase with
the mean S+ response rate for the first five
sessions of the subsequent training phase.

Behavioral contrast was displayed in all
groups, although there were differences in the
magnitu(le of the effect, as well as in the reli-
ability and permanence of the change in S+
response rate. Behavioral contrast during each
training plhase was said to occur in individual
subjects only if the mean S+ response rate
during the first five days of each training phase
was greater than one standard deviation from
the mean response rate of the preceding five
days. In the Early-Progressive group, five pi-
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geons clearly showed contrast throughout the
experiment. Of the three remaining Early-
Progressive pigeons, one showed behavioral
contrast at the first phase change, but there-
after the effect dissipated. Contrast was evi-
dent to a small degree in another pigeon early
in the experiment, and only erratically in the
last.

All subjects of the Early-Constant group dis-
played contrast in all phases of the experi-
ment, with the exception of one that showed
response-rate changes at the start of eachi new
training phase, but these were not maintained
for more than one or two sessions. Each sub-
ject of the Late-Progressive group and of the
Late-Constant group manifested behavioral
contrast across all training phases. In some
cases, the magnitude of the effect was notably
small-as, for example, in the records of three
Late-Progressive and one Late-Constant pi-
geon-but the effect was nonetheless evident.
Although the data are not presented in Fig-
ure 1, contrast was evident in all except one
pigeon of the Late-Progressive group from the
first day of S- fade-in. The amount of contrast
exhibited on each succeeding session increased
in direct proportion to the total duration
of S-.
The mean daily rates of responding to S+

for each group are reproduced in Figure 2.
This figure underscores the observation that
behavioral contrast occurred in all groups. In
addition, it demonstrates that the groups did
not appreciably differ in baseline rate of re-
sponding to S+. For each group, response rates
for the initial baseline phase averaged between
50 and 57 responses per minute. Thereafter,
the baseline of the Early-Progressive, Late-
Progressive, and Late-Constant groups shifted
upward to a level approximately 10 responses
per minute higher than the initial baseline, at
which point they remained. An interesting
order effect can also be seen in Figure 2. To a
significant degree (t = 1.99, df = 126, p < 0.05)
more behavioral contrast was seen overall on
transitions from baseline to discrimination
training than on transitions from discrimina-
tion to baseline training.

Figure 3 presents the group means and
ranges of behavioral contrast expressed in
terms of the change in response rate at each
phase change and overall. This figure reveals
a trend for Late groups to exceed Early groups
in the magnitude of behavioral contrast pro-

duced. While time of S- introduction appears
to be the more powerful variable, if this varia-
ble is held constant, the Constant manner for
introducing S- produces more behavioral con-
trast than does Progressive S- introduction.
An analysis of variance conducted to inves-

tigate these trends indicated that time of S-
introduction significantly influenced the mag-
nitude of the contrast effect, with Late S-
introduction resulting in greater changes in
S+ response rate (F = 5.06; df = 1; p < 0.05).
Individual comparisons of group means from
the first phase change (S+IS- 1 -e S+ ONLY)
and overall by Dunn's Multiple Comparison
Procedure (Kirk, 1968, p. 79) disclosed no sig-
nificant differences at the first phase change.
Overall, Early-Progressive and Early-Constant
groups differed significantly from the Late-
Constant group (EP versus LC: d = 12.57;
df = 16,28; p < 0.05. EC versus LC: d = 10.54;
df = 16,28; p < 0.05), displaying less behav-
ioral contrast than did the Late-Constant
group. The difference between the means of
the Late-Progressive and Late-Constant groups
approached significance. The overall differ-
ence between Early and Late groups was sig-
nificant (p < 0.05); the difference between Pro-
gressive and Constant groups was very nearly
so (p < 0.10).

Responses during S-. The dependent varia-
ble described as errors refers to the number
of responses directed toward the response key
during the dark-key S- component. Of inter-
est in the present study was the total number
of such responses and their distribution as a
function of the discrimination training proce-
dure followed.

Responses during scheduled blackouts were
not treated as errors, even though they were
responses directed toward a dark key. Re-
sponding during blackouts appeared to be the
result of a spill-over of activity from an im-
mediately preceding S+ component. Such re-
sponding ceased quickly after the onset of the
blackout. No responding was noted during
blackouts that followed S- components.
The distribution of responses during S- dis-

played by each subject is presented in Fig-
ure 4. The subjects in each group are ordered
according to the total number of errors they
emitted throughout the experiment, from the
least to the most. Note that the data are
plotted across the cumulative percentage of
sessions in each of the two discrimination

33



THOMAS L. KODERA and MARK RILLING

IS+ IS+IS- I S+ONLYIS+IS- 2 S+ONLYI S+IlS--
L.____ ~EARLY PROGRESSIVE GROUP I

n~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

80
70
60

50

80
70

60
50

{ - - - - - - - - --.l - - s =s - - - - s ;
-

FM B a a a m

EARLY CONSTANT GROUP
IYI I .II

iA 11 IIiI III GA III II III I,A I iiI II III LPA II i -4I I I I A I I I I
__. ,___ __ ±

__ LATE PROGRESSIVE GROUP _
II I.

90
80
70
60
50

100
90
80
70

60
50,

LATE CONSTANT GROUP . . . . . . .~~~~~~~~~~~~~~~

SESS IONS

Fig. 2. Mean rate of responding to S+ for the Early-Progressive, Early-Constant, Late-Progressive, and Late-
Constant training groups. Because the Early introduction of S- precluded an initial phase of baseline training,
the data for the Early groups are displaced to the right to place them in phase with the data of the Late groups.

All comparisons of the magnitude of behavioral contrast are based upon this configuration of the data.

Al-S..4-

'AI III I I I .A I I I I I I I I 1, I I I 1I I II I AI I I I1 I I II I 1,A I I II I
LUJ

cn

m
M

LLJ

CL

cn

I-

CD

0

z
0
CL
C,

LL~
0

LU

%a-0

C>:

CD
:c

LJ
i,e

Ia I*a Ia l I I II I I Ii a I a . a I I I I Ia a a ma a I I a I a a a a a,1 I a I I

,1/

II II IAII III,II I,III.A1 I1 11 I

34

%0% mpqr-"WlwI
"NN %00*

___"
AA_I_I_

94000
A IA II



BEHAVIORAL CONTRAST IN ERRORLESS LEARNING

z

C0
C'D
0

V-h

z

La-

(0

C-)

LLJ

5

4

3

2

I

Fig. 3. Mean change in response rate to S+ (behavioral contrast) for the Early-Progressive (EP), Early-Con-
stant (EC), Late-Progressive (LP), and Late-Constant (LC) training groups at each change of training condi-
tions. Each panel represents a comparison of mean S+ response rates in the last five days of one training phase
with the first five days of the subsequent phase. Positive values denote behavioral contrast, while negative val-
ues denote induction. The group means are represented by the circles, with the range of response-rate changes
indicated by the bars.

phases. This transformation was necessary to
standardize the disparate number of training
sessions given each pigeon. One can determine
the amount of discrimination training each
pigeon received by simply counting the data
points.
This figure clearly indicates the effective-

ness of the Early introduction of S- in reduc-
ing the number of errors during discrimina-
tion training. The influence of Progressive or

Constant S- introduction is more subtle and
requires finer analysis. Since the S- introduc-
tion procedures for the Progressive and Con-
stant groups differed only during the first five
days of discrimination training, the occurrence

of responding to S- during this five-day pe-

riod was compared with that of the subse-
quent five days. There is a problem with such
a comparison though: while the total number
of exposures to S- was equal for all groups,

the total time of such exposure was not. Con-

stant groups experienced 7500 sec of S-; Pro-
gressive groups experienced only 2111 sec of
S- during the same number of sessions. Con-
sequently, two separate analyses were con-

ducted, transforming the error data in slightly
different ways-as either the mean rate of oc-

curence of errors or as the absolute number
of errors produced.

Regardless of the statistical treatment of the
error data, the Early versus Late group com-

parisons by Mann-Whitney U tests revealed
that Late groups displayed more responding
to S- during the first five days of discrimina-
tion training. (Total errors: U = 63.5; p <
0.01. Error rate: U = 83; p < 0.05). The only
other significant difference between groups re-

sulted from the analysis of the absolute num-

ber of errors produced during the first five
days of discrimination training. Individual
group comparisons showed significant differ-
ences between the Early-Progressive and Late-
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Fig. 4. Occurrence of responses during S- (errors) during S+IS- 1 and S+IS- 2 for individual pigeons. The data
are plotted across the cumulative percentage of sessions. The pigeons are ordered according to the total number
of errors made by each during discrimination training, with those producing the fewest errors at the front of
each block.

Constant groups. (Total errors: U = 1.5; p <
0.001. Error rate: U = 24; p > 0.05). The
Early-Progressive group emitted fewer re-
sponses to S- than did the Early-Constant
group. (Total errors: U = 8.5; p = 0.006. Er-
ror rate: U = 23; p > 0.05). The Progressive
groups made significantly fewer errors during
the first five days of discrimination training
than did the Constant groups. The rate of oc-
currence of errors, however, did not differ be-
tween the groups. (Total errors: U = 64.5;
p < 0.01. Error rate: U = 123; p > 0.05). The
importance of this discrepancy, which relates
to the method of transforming the error data,
is noted later in the discussion. Analysis of
the occurrence of errors during the second five
days of discrimination training revealed no
significant differences between the groups.

The upper panels of Figure 5 represent the
total number of errors made by each pigeon
during the first discrimination phase (S+IS-
1) and throughout the experiment (S+!S- 1
and S+ S- 2). Because the Early groups ex-
perienced three discrimination training phases
while the Late groups experienced only two,
the first two discrimination phases alone are
included for purposes of statistical analysis.
The data in Figure 5 are ordered according to
the number of errors made during the first
discrimination phase (S+JS- 1). Group means
are indicated by horizontal arrows.
For the first phase of discrimination train-

ing (S+IS- 1), the Early-Progressive group
averaged 6.5 errors, ranging from 0 to 24. The
Late-Constant group produced the largest
number of errors, averaging 191.8 and rang-
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BEHAVIORAL CONTRAST I

ing from 5 to 525. Falling between these two
extremes were the Early-Constant group, with
a mean of 15.0 errors and a range of 3 to 38,
and the Late-Progressive group with a mean
of 76.5 and a range of 0 to 132. Applying a
criterion suggested by Terrace (1972) that sub-
jects making 25 or fewer responses to S- be
considered errorless, there were thuis eight er-
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rorless subjects in the Early-Progressive group,
seven in the Early-Constant group, five in the
Late-Progressive, and five in the Late-Constant
group during the first discrimination phase.

Overall (see upper-right panels of Figure 5
labelled S+jS- 1 and S+IS- 2), the Early-
Progressive group produced a mean of 9.1 to-
tal errors (range: 0 to 24), the Early-Constant

U,

+C/)
cn

CD0

Cl)
L&J
cn

CLzL
0=

z

w o
= +
O-0

crI

C.)

c +
OC/)

LA
aD

SUBJECTS SUBJECTS
Fig. 5. Relationships between responding during S- (errors) and the magnitude of behavioral contrast pro-

duced. The bars within each panel are ordered with respect to the total number of errors produced during
S+ S-1 (the first discrimination phase). Arrows within each panel mark the group mean for that measure. The
left half of this figure depicts the relationship between the number of errors made during S+JS- 1 and the
amount of behavioral contrast observed for each pigeon. The right half of the figure presents the relationship
between the total number of errors occurring during the first two phases of discrimination training and the
mean behavioral contrast produced overall. Spearman rank-order correlation coefficients for each group are indi-
cated by the numbers appearing just below the error data.
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group averaged 21.9 errors (range: 6 to 39),
the Late-Progressive group averaged 85.5 er-
rors (range: 3 to 317), and the Late-Constant
group averaged 204.4 errors (range: 15 to 580).
At the completion of the experiment, all eight
birds of the Early-Progressive group were still
errorless, as were six of the Early-Constant
group, three of the Late-Progressive group,
and four of the Late-Constant group.

Considerable caution must be exercised,
however, when interpreting differences be-
tween group means, since the assumption of
homogeneity of variance, necessary for para-
metric statistical analyses, is invalid (F..ax =
1028.8, df = 4/7, p < 0.01). In view of this,
group differences were assessed by Mann-
Whitney U tests, which are summarized in
Table 3. In all comparisons, the Early-Progres-
sive group made significantly fewer errors
than did the other groups. The Early-Con-
stant, Late-Progressive, and Late-Constant
groups did not significantly differ from each
other. The time at which the discrimination
was introduced significantly influenced the
number of responses to S-: fewer errors were
observed when S- was introduced Early. Such
differences were evident during the first dis-
crimination phase, as well as overall. The Pro-
gressive manner of introducing S- also sig-
nificantly influenced the total amount of re-
sponding to S-, resulting in fewer errors than
did the Constant procedure. However, this

Table 3

Summary of Mann-Whitney U Tests

Value
COMPARISON of U p

Errors during first discrimination phase (S+IS- 1):
EP vs EC 14.5 p < 0.037
EP vs LP 14.0 p < 0.032
EP vs LC 7.5 p < 0.004
EC vs LP 20.5 n.s.
EC vs LC 21.5 n.s.
LP vs LC 27.0 n.s.
EARLY vs LATE 63.5 p < 0.010
PROG. vs. CONS. 92.5 n.s.

Total errors (S+JS- 1 and S+jS- 2):
EP vs EC 12.5 p < 0.022
EP vs LP 12.5 p < 0.022
EP vs LC 6.0 p < 0.002
EC vs LP 23.0 n.s.
EC vs LC 20.5 n.s.
LP vs LC 24.0 n.s.
EARLY vs LATE 62.0 p < 0.010
PROG. vs CONS. 83.0 p < 0.050

difference was not observed during the first
discrimination training phase (S+1S- 1): the
total number of errors made during the entire
initial phase of discrimination training was
not significantly affected by the rapidity of S-
introduction.

Relationships between S+ and S- respond-
ing. Figure 5 also details the relationship be-
tween the amount of responding during S-,
or errors, and the magnitude of the change in
response rate to S+, or behavioral contrast,
for each subject. The left panels relate the
number of errors during the first discrimi-
nation training phase (S+JS- 1) with the
amount of behavioral contrast exhibited dur-
ing the phase. The right panels relate the
total number of errors made throughout the
experiment with the mean behavioral con-
trast produced by each pigeon. Subjects within
each group are ordered with respect to the to-
tal number of errors emitted during the first
discrimination training phase.
A direct relationship between errors and be-

havioral contrast within groups would be rep-
resented by a series of bars that reflect the sym-
metry of the error data. Clearly, such was not
the case with the present data. Pigeons that
produced the fewest errors in each group were
as likely to show the greatest amount of con-
trast as were those that produced the greatest
number of errors. Spearman rank-order corre-
lation coefficients between the number of er-
rors and the amount of behavioral contrast
are indicated in Figure 5 for each group. For
the relationship to be considered significant
(df = 6), the absolute value of r had to exceed
0.70. None of the groups showed a signifi-
cant correlation between number of errors
produced and the magnitude of behavioral
contrast.

Control groups. The rates of responding to
S+ for the Red S- group and the Three-
Minute S± group are recorded in Figures 6
and 7, respectively. All four pigeons of the
Red S- group showed behavioral contrast at
each change of training phase. Three of the
four birds were errorless at the end of the first
phase of discrimination training (mean errors
= 19.25; range = 2 to 60). Only one bird was
errorless at the completion of the experiment
(mean total errors = 164.25; range = 2 to 445).

Behavioral contrast was very slight, if pres-
ent at all, in the Three-Minute S+ group. All
pigeons in this group were errorless through-
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Fig. 7. Rate of responding to S+ for the Three-Minute S+ control group. Individual data and group means are
presented. The numbers in parentheses refer to the numiiber of responses during S- (errors) produced during that
phase of discrimination training.

out the experiment (mean total errors = 0.75;
range = 0 to 2). Neither group showed a sig-
nificant correlation betwveen the number of
errors emitted and the magnitude of behav-
ioral contrast.
Comparisons were made betwveen the twvo

control groups and the Early-Progressive
group of the main study. These calculations
are based on comparisons of the mean re-

sponse rate for the first five days of one train-
ing phase with the mean response rate for the
final five days of the preceding training phase.

In terms of the mean overall behavioral con-
trast produced, the Three-Minute S+ group

displayed the least contrast, averaging a rate
change of 7.8 responses per minute. The great-
est amount of behavioral contrast, on the or-
der of 23.2 responses per minute, was pro-
duced by the Red S- group. The data from
the Early-Progressive group for a comparable
period of training fell midwvay betveen the
data for the two control groups: the mean be-
havioral contrast for the Early-Progressive
group wvas 15.3 responses per minute across the
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BEHAVIORAL CON'TRAST IN ERRORLESS LEARNING

first two changes in training phase. The dif-
ference between the Red S- group and the
Three-Mlinute S+ group was significant
(Mkann-Whitney U = 0, p = 0.014). Each of
the control groups differed from the main
Early-Progressive group to a degree that
nearly approached significance (Early-Progres-
sive versuis Red S-: U = 7, p = 0.077; Early-
Progressive versus Three-Minute S+: U = 8,
p = 0.107).

DISCUSSION
The present study showed that the occur-

rence of errors is not necessary for the produc-
tion of behavioral contrast. In addition, the
magnitude of behavioral contrast exhibited
no systematic relationshil) with the nuLmber of
errors produced while pigeons learned a dis-
crimination. This demonstration stuggests that
one need not posit separate laws to account
for errorless learning as a special case of dis-
crimination learning. The present results in-
dicate that procedtural variables that affect
the acquisition of the discrimination have
long-term influences on stubsequent discrimi-
nation performance. Early initiation of differ-
ential training facilitates learning the (liscrim-
ination quickly and with relatively few errors.
Additionally, it appears to reduce the magni-
tude of behavioral contrast throtughout the
experiment from the level that wouild other-
wise occur if a Late procedure were appliedl.
Progressive introduction of S- likewise results
in fewer errors during discrimination train-
ing, as well as a reduction in the amount of
behavioral contrast.

In this experiment, the first five days of dis-
crimination training had a substantial influ-
ence upon whether or not a subject acquired
the discrimination without errors. Although
the rate of responding to S- did not differ
between Progressive and Constant groups, the
absolute number of errors produced during
the first five days was significantly greater for
the Constant groups. This indicates that the
Progressive introduction procedure effectively
redtuced the tendency to respond to S- by sim-
ply restricting the opportunity for responding
early in the pigeon's experimental history
when the tendency to respond to S- was
greatest. Once the crucial first sessions were
completed, responding to S- was similar
across all training groups.

One surprising result was the number of
pigeons in the three discrimination training
groups other than Early-Progressive that were
also errorless: six in the Early-Constant group,
three in the Late-Progressive group, and four
in the Late-Constant group at the end of the
experiment. This can perhaps be attributed
to the use of a dark key as S-. It may be that
the difference between a dark key S- and a
green key S+ is so great that the acquisition
of the discrimination is a simple task. The
fact that the Progressive or Constant introduc-
tion of S- was a less powerful manipulation
than the Early versuis Late introduction of S-
is consistent with this argument, since the
gradual introduction of S- would be unnec-
essary in easy discrimination.
From the results of the two control groups,

the fact that Terrace (1963) failed to observe
behavioral contrast appears to be due in part
to the uise of stimulus components of 3-min
duration. The effect of the illuminated key
S- was to increase the magnitude of behav-
ioral contrast observed. In the present experi-
ment, this amounted to a two-fold increase in
behavioral contrast.

It must be note(d that the Progressive pro-
cedlure for introducing the illuminated S-
was less effective than Terrace's: errors oc-
curred to a stubstantially greater degree, espe-
cially dturing the second discrimination train-
ing phase where no special S- introduction
procedui-es were applied. Although the Red
S- subjects acquired the discrimination less
accurately than did Terrace's, there was no
indication of a systematic relationship be-
tween the occurrence of errors and the occur-
rence of behavioral contrast. The three Red
S- pigeons that were errorless at the end of
the first discrimination phase showed behav-
ioral contrast at the subsequent phase change.
In addition, the one Red S- pigeon that was
errorless at the completion of the experiment
showed behavioral contrast throughout the
experiment.

Determinants of Behavioral Contrast
As the results of the present experiment

demonstrate, the following variables are re-
lated to the occurrence of behavioral contrast.

(1) The amount of prior nondifferential ex-
posure to S+ before discrimination is intro-
duced directly influences the amount of be-
havioral contrast produced. Of the two levels
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manipulated, introduction of the discrimina-
tion immediately after the key-peck response
was acquired reduced the level of behavioral
contrast throughout the experiment. Sensitiv-
ity to this variable is probably restricted to
large differences in the range of prior expo-
sure, as no significant correlation was found
within groups between the number of train-
ing sessions and the magnitude of behavioral
contrast produced.

(2) The procedure by which initial intro-
duction of S- is accomplished, whether Pro-
gressively or Constantly, affects the occurrence
of behavioral contrast. If a Progressive proce-
dure is followed, less contrast results through-
out discrimination training than if a Constant
procedure, where S- is abruptly introduced,
is used.

(3) The duration of the stimulus compo-
nents, within a currently ill-defined range of
variation, acts directly upon the magnitude
of the behavioral contrast effect. In general,
the longer the duration of S- (Taus and
Hearst, 1970; Wilton and Clements, 1971) and
the shorter the duration of S+, the greater
the amount of behavioral contrast. Exten-
sion of S+ exposure to 3 min in the present
study virtually eliminated behavioral contrast
following the Early-Progressive introduction
of S-.

(4) The physical characteristics of the stim-
uli selected as S+ and S- contribute to the
production of behavioral contrast. In this ex-
periment, the similarity between the stimuli,
in terms of saturation and/or wavelength, di-
rectly influenced the amount of behavioral
contrast that resulted: the more similar the
stimuli, the greater the behavioral contrast.
A similar observation was reported by Hearst
(1969). When the postintradimensional dis-
crimination training gradients were compared
with the corresponding excitatory gradients,
behavioral contrast was observed in the region
of S+. The magnitude of the elevation of the

postdiscrimination gradient in the vicinity of
S+ was directly influenced by the proximity
of S+ and S- and on the line-tilt dimension.
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