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Some temporal factors affecting
conditional discrimination

LEE D. COOPER
University of North Carolina at Greensboro, Greensboro, North Carolina

Pigeons acquired a serial conditional discrimination in which the onset of one of two colors
(the instructional cue) on the center key preceded the onset of a white light (the trial cue) on
one of two side keys. An autoshaping preparation was employed, in which food was delivered
depending upon the color-side combination. Five groups of birds were studied at instructional
cue durations of either 30 or 60 sec, and trial cue durations of 3, 6, or 12 sec. These temporal
parameters allowed for different ratios of the instructional stimulus duration (I) to the trial stimu-
lus duration (T), while keeping the absolute duration of the instructional stimulus constant, and
for different absolute durations of the instructional stimulus, while keeping the I/T ratio con-
stant. These manipulations were studied with either a 30 or a 60-sec cycle (the interval between
the onset of the intertrial interval and the offset of the trial cue), thus permitting examination
of the cycle duration to trial duration ratios as well. The results showed that the larger the value
of I relative to that of T, the greater the final level of accuracy; this implicates the I/T ratio as
a controlling variable. In contrast, the larger the cycle duration (C) relative to T, the greater
the rate of responding to the trial stimulus, which is consistent with previous findings in auto-
shaping studies. These results suggest that whereas the C/T ratio directly influences response

rate, the I/T ratio affects accuracy in a serial conditional discrimination.

The term conditional discrimination refers to behavior
in which reinforcement in the presence of one stimulus
is conditional upon other stimuli that are present
(Heinemann & Chase, 1970; Thomas, 1985). This be-
havior has been studied extensively in pigeons within a
response-dependent paradigm involving both serial (Cum-
ming, Berryman, & Cohen, 1965) and simultaneous
(Cumming & Berryman, 1961) stimulus compounds. In
the serial situation (Cumming et al., 1965), an instruc-
tional stimulus is presented prior to the onset of two trial
stimuli. Reinforcement of a pecking response to a partic-
ular trial stimulus is conditional upon which instructional
stimulus has been presented. Conditional discrimination
in pigeons has also been demonstrated within a response-
independent, or autoshaping, paradigm (Looney, Cohen,
Brady, & Cohen, 1977; Williams, 1982, 1984). In the
autoshaping paradigm, certain stimulus combinations
(e.g., red-line and blue-circle) are followed by food, but
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other combinations (e.g., red-circle and blue-line) are
not. Over the course of training, pigeons demonstrate a
conditional discrimination by directing the majority of
their pecking to the stimulus combinations that are fol-
lowed by food. While certain properties of stimuli (e.g.,
stimulus similarity; see Carter & Eckerman, 1975; Maki,
Riley, & Leith, 1976) have been studied for their effect
on conditional control, temporal properties have not been
studied as much.

The importance of the temporal structure of events is
well known with regard to simple delay conditioning—
consider, for example, the superiority of ‘“spaced’’ over
“‘massed’’ training (Gormezano & Moore, 1969). Both
the speed of acquisition of autoshaped pecking and the
rate of maintained pecking are directly related to the length
of the intertrial interval (Cooper & Brownstein, 1985;
Gibbon, Baldock, Locurto, Gold, & Terrace, 1977; Gib-
bon, Farrell, Locurto, Duncan, & Terrace, 1980; Ter-
race, Gibbon, Farrell, & Baldock, 1975). Furthermore,
Gibbon et al. (1977) found that the number of trials to
acquisition in autoshaping was inversely related to the ratio
of the intertrial interval to the trial duration. Gibbon and
Balsam (1981) proposed a model of autoshaping based
on scalar expectancy theory (SET: Gibbon, 1977), in
which they suggested that conditioning to a trial stimulus
depends on the ratio of the delay of reinforcement in the
trial relative to the delay of reinforcement in the situa-
tion as a whole. According to their formulation, the crit-
ical temporal property of the environment can be charac-
terized as the ratio of the duration of the cycle between
reinforcements (C) to the trial duration (T).

Copyright 1989 Psychonomic Society, Inc.
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Although the C/T ratio is a critical variable for the ac-
quisition and rate of conditioned responding within a non-
differential autoshaping procedure, its possible role in a
serial conditional discrimination has not been studied. In
a serial conditional discrimination, a stimulus may be a
poor predictor of food when compared to other stimuli
in the situation, yet it can still accurately predict when
another stimulus will be followed by food. That is, given
that the instructional stimulus precedes the trial stimulus,
the instructional stimulus will predict food less than the
trial stimulus will, because its onset is prior to the onset
of the trial stimulus. But the instructional stimulus may
nevertheless be a good predictor of which trial stimulus
will occasion reinforcement. The issue studied here is how
the temporal durations of these stimuli (cycle, trial, and
instructional) interact to determine the formation and
strength of a conditional discrimination.

Several studies have suggested an influence of temporal
factors in serial conditional discrimination performance.
Some of these studies have involved a ‘‘delayed’’ condi-
tional discrimination. In this procedure, delay intervals
are interposed between the offset of the instructional
stimulus and the presentation of trial stimuli (Blough,
1959). The formation and strength of a conditional dis-
crimination in these studies are often measured in terms
of accuracy—the combined probability of correct
responses in the presence of each instructional stimulus.
Several researchers (e.g., Grant, 1975; Maki, Moe, &
Bierley, 1977; Roberts & Kraemer, 1982; see also Holt
& Shafer, 1973) have shown that accuracy increases
directly with the length of time between successive presen-
tations of the instructional stimulus, or the interinstruc-
tional interval. These results suggest that the ratio of the
interinstructional interval to the instructional stimulus in-
terval may be critical and thus may be analogous to the
C/T ratio effect in autoshaping (see Roberts & Kraemer,
1984).

Williams (1982) studied the formation of a serial con-
ditional discrimination in pigeons with an autoshaping
procedure in which the trial stimulus (a line or circle) of
a combination (green-line or red-circle) was presented
for the last 5 sec of a 30-sec cycle. He found that when
the color, or instructional, stimulus of each combination
(green or red) was presented throughout the 30-sec cycle,
the subjects’ accuracy failed to rise above chance. Wil-
liams’ (1982) suggestion, adapted from Gibbon and Bal-
sams’ (1981) model, was that the presentation of the in-
structional stimulus throughout the cycle results in that
stimulus’ becoming a poor predictor of food. The sub-
jects did not ‘“attend’ to the instructional stimuli because
these stimuli did not predict food: the stimuli could not
function as conditional cues.

The results discussed above suggest that the temporal
relation between C and the instructional stimulus dura-
tion (I) must be favorable enough (i.e., the C/I ratio must
be greater than some threshold) to engender responding,
in order for a conditional discrimination to emerge. To

test this possibility, a preliminary study on conditional dis-
crimination in pigeons was conducted, using an autoshap-
ing preparation. The instructional stimulus, which was
either a blue or a red keylight on the center key of a three-
key chamber, was presented throughout a 60-sec cycle.
The trial stimulus was a 6-sec white light on either the
left or right key. Blue-left and red-right were followed
by food, whereas blue-right and red-left were not. Thus,
whether a particular position (i.e., left or right) of the
white stimulus was followed by food was conditional upon
the presence of either a blue or a red center key. Of par-
ticular interest, the durations of the cycle and the instruc-
tional stimulus were twice as long as in Williams’ (1982)
study. However, the C/I ratio was the same, because the
instructional stimulus was presented throughout the en-
tire cycle. All birds in the preliminary study acquired a
conditional discrimination. This result was surprising, be-
cause presenting the instructional stimulus for the entire
cycle did not prevent a conditional discrimination. This
result suggests that the formation and accuracy of a con-
ditional discrimination is not invariantly related to the in-
structional stimulus duration, relative to the cycle duration.

The results in Williams (1982) and the results of our
preliminary study suggest several possible controlling
variables for accuracy in a serial conditional discrimina-
tion. One is the ratio of I to the trial stimulus duration
(T), or the I/T ratio. Analyzing the above results with
respect to this ratio, we will see that the subjects in the
preliminary work were exposed to a more favorable I/'T
ratio (I/T = 60/6 = 10) than were the birds in Williams’
(1982) study (I/T = 30/6 = 5). It should be noted that
for the above results the I/T ratio was equal to the C/T
ratio, for the instructional stimulus was presented through-
out the cycle. If the I/T ratio is critical to accuracy, then
it becomes important to examine the role of the C/T ra-
tio. Perhaps the C/T ratio affects the response rate (Gib-
bon et al., 1977; Perkins et al., 1975).

A second possible controlling factor may be the abso-
lute duration of instructional stimuli. Without an inter-
stimulus interval, the instructional stimulus may have to
be of long duration in order to provide enough informa-
tion about the upcoming trial stimuli. Roberts and Grant
(1974), for example, found accuracy increased in a
delayed conditional discrimination task with increases in
instructional stimulus duration. Whether accuracy in a
conditional discrimination is based on the relative or ab-
solute duration of stimulus events is thus unclear.

In the experiment reported here, these temporal vari-
ables were examined in a serial conditional discrimina-
tion. The design employed temporal parameters that al-
lowed different I/T ratios, keeping the absolute duration
of the instructional stimulus constant; and different abso-
lute durations of the instructional stimulus, keeping the
I/T ratio constant. These manipulations were studied with
two cycle durations, permitting examination of the in-
fluence of the cycle duration to trial duration ratio on
response rate and accuracy level.
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METHOD

Subjects and Apparatus

The subjects were 20 experimentally naive White Carneaux
pigeons. The pigeons were maintained at approximately 80% of
their free-feeding weights. Throughout the study, they had continu-
ous access to water and grit in their separate home cages.

Four three-key conditioning chambers were used. Two chambers
were made from modified ice chests with internal dimensions of
21x27x31 cm. The three transulcent response keys, which were
mounted 21 cm above the floor and 8 cm apart, could be trans-
illuminated with different colors. A third chamber was
30x35.5%33.5 cm, with three translucent response keys mounted
24 cm above the floor and 5 cm apart. A fourth chamber was
52x38x38 cm, with three translucent response keys mounted
27.5 cm above the floor and 8 cm apart.

The following specifications were met by all chambers. A peck
of at least .2 N was required to interrupt an electrical contact that
operated the recording circuits. An overhead houselight located on
the ceiling near the front wall provided low-level general illumina-
tion. The houselight remained on at all times during the session
except during feeder operation. Centered below the keys, 10 cm
above the floor, was a 2 X2 in. rectangular opening that gave access

T /T

to mixed grain when the food hopper was raised. At such times,
the feeder opening was illuminated but the keylights and house-
light were darkened. An externally mounted fan provided masking
noise and ventilation.

For two experimental chambers, the experimental manipulations
and data collection were performed by electromechanical control
and recording circuits in an adjoining room. For the other two ex-
perimental chambers, the experimental manipulations and data col-
lection were controlled by a computer system (Walter & Palya,
1984).

Procedure

Magazine training. All the subjects were trained to eat from the
grain hopper on the first day of training. When the bird was placed
in the chamber, the hopper was lowered and raised repeatedly un-
til the bird began eating quickly after the hopper was presented.
Throughout this first session, none of the response keys was illu-
minated.

Conditional discrimination training. The autoshaping proce-
dure, with the conditional discrimination imposed from the first ses-
sion, began on the 2nd day of training and lasted for 18 sessions.
In this serial conditional discrimination procedure, the onset of the
instructional stimulus preceded the onset of the trial stimulus, but
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Figure 1. Experimental design of the five groups. The top portion of each panel
represents the instructional stimulus duration (I). The bottom portion of each panel
represents the trial stimulus duration (T). The time between the onset of the inter-
trial interval and the offset of the trial is the cycle (C). Groups are designated by
three hyphenated numbers, which gives values for C, I, and T. Groups are also desig-
nated by their C/T and I/T ratios. Duration values are indicated by the bottom time line.
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both stimuli terminated at the same time. Food was programmed,
independent of responding, to follow certain instructional-trial
stimulus combinations. A reinforced combination was followed by
a 3-sec access to the grain hopper, and a nonreinforced combina-
tion was followed by the keys’ being darkened for 3 sec.

The subjects were randomly assigned to one of five groups, in
terms of the temporal parameters. In Figure 1, the temporal arrange-
ments of the five experimental conditions are diagrammed. The tem-
poral parameters of the experimental groups will be identified
throughout the rest of this paper in either of two ways: (1) by three
hyphenated numbers that correspond to the cycle duration (C), in-
structional stimulus duration (I), and trial stimulus duration (T),
respectively (noted that C refers to the interval between the onset
of the intertrial interval and the offset of the trial stimulus); (2) by
identification according to each group’s I/T ratio, such that a group
is either a ‘*high’’ I/T ratio group or a ‘‘low’’ I/T ratio group. In
order to provide a replication of Williams’ (1982) study and my
own earlier pilot work, temporal parameter values similar to those
used in those studies were employed.

(1) Group 30-30-3: The instructional stimulus was illuminated
for the entire 30-sec cycle and the trial stimulus was illuminated
for the last 3 sec of the cycle (I'T = 30/3 = 10, C/T = 30/3 = 10).

(2) Group 60-60-6: The instructional stimulus was presented for
the entire 60-sec cycle and the trial stimulus was presented for the
last 6 sec of the cycle (I/T = 60/6 = 10, C/T = 60/6 = 10). This
group was a direct replication of the preliminary study. These two
groups, Groups 30-30-3 and 60-60-6, constituted the high I/T ratio
groups.

(3) Group 30-30-6: The instructional stimulus was presented for
the entire 30-sec cycle and the trial stimulus was presented for the
last 6 sec of the cycle (I/T = 30/6 = 5, C/T = 30/6 = 5). The
temporal parameters of this group replicated those of Williams
(1982).

(4) Group 60-60-12: The instructional stimulus was presented dur-
ing the entire 60-sec cycle and the trial stimulus was presented during
the last 12 sec of the cycle (I/'T = 60/12 = 5, C/T = 60/12 =5).
These two groups, Groups 30-30-6 and 60-60-12, represented the
low I/T ratio groups.

(5) Group 60-30-6: The instructional stimulus was presented dur-
ing the last 30 sec of a 60-sec cycle and the trial stimulus was
presented for the last 6 sec of the cycle (I'T = 30/6 = 5, C/T =
60/6 = 10). Note that in first four groups the I/T ratio was equal
to the C/T ratio. Group 60-30-6 was the low I/T control, because
it has an I/T ratio equal to that of the low I/T groups and a C/T
ratio equal to that of the high I/T ratio groups. Also, the first four
groups were not exposed to an interinstructional interval, whereas
this group has an interinstructional interval of 30 sec.

There were 4 subjects in each group. The reinforced stimulus
combinations and temporal parameters for each bird are listed in
Table 1. The following notation system is used to describe the stimu-
lus combinations in the conditional discrimination procedure: Color
refers to which instructional stimulus was presented on the center
key, whereas position refers to which side key the white trial stimu-
lus was presented on. A stimulus combination designated as red-left
signifies a combination with a red keylight (the instructional stimu-
lus) presented on the center key and a white keylight (the trial stimu-
lus) presented on the left side key. Reinforced and nonreinforced
stimulus combinations were counterbalanced across birds within
a group. Stimulus compound types were randomly presented, with
the restriction that the same stimulus combination appear no more
than three consecutive times. Food was therefore presented at ran-
dom intervals, depending on the occurrence of a reinforced com-
bination. Sessions consisting of 30 presentations of each stimulus
compound; a total of 120 stimulus compounds was presented daily.

The comparisons of particular interest with respect to the strength
of a conditional discrimination involved the low I/T groups
(Groups 30-30-6 and 60-60-12) versus the high I/T groups
(Groups 30-30-3 and 60-60-6), in order to see whether I relative
to T was critical; and Groups 60-60-6 and 60-60-12 versus
Groups 30-30-3 and 30-30-6, to see whether absolute I was critical.

Finally, if the I/T ratio is important for accuracy, then it was
of particular concern to compare groups across C/T ratios to see
its influence on the rate of responding. That is, if the high I/T groups
(Groups 60-60-6 and 30-30-3) had the better accuracy, did the high
C/T groups (Groups 60-60-6, 30-30-3, and 60-30-6) have higher
response rates than the low C/T groups (Groups 60-60-12 and
30-30-6)?

Reversal condition. In order to assess the potency of the I/T ra-
tio for the strength of a conditional discrimination, the I/T ratios
for Groups 30-30-3 and 30-30-6 as well as Groups 60-60-6 and 60-
60-12 were reversed by changing Ts: Group 30-30-3 had the trial
stimulus illuminated for the last 6 sec of the cycle, and Group 30-
30-6 had the trial stimulus illuminated for the last 3 sec of the cycle;
similarly, Group 60-60-6 had the trial stimulus illuminated for the
last 12 sec of the cycle, and Group 60-60-12 had the trial stimulus
illuminated for the last 6 sec of the cycle. Hence, Groups 30-30-6
and 60-60-12, which had I/T ratios of 5 in the initial training phase,
now had I/T ratios of 10, and Groups 30-30-3 and 60-60-6, which
had I/T ratios of 10 in the initial phase, now had I/T ratios of 5.
Training on these conditions continued for 10 additional sessions.

Response measure. The principal response measure of accuracy
for this experiment was a discrimination index (DI). DIs for each
session were calculated in two steps. First, a proportion correct
for each instructional stimulus was computed, by dividing pecks
on all keys during the reinforced stimulus combinations by the to-
tal pecks on all keys during all combinations with that instructional
stimulus. For example, the proportion correct for the red instruc-

Table 1
Temporal Parameters and Reinforced Stimulus Combinations
for Individual Birds

Reinforced
Stimulus Combinations

Bird C I T (Instructional-Trial)
1 30 30 3 red-left, blue-right
2 30 30 3 red-right, blue-left
3 30 30 3 red-left, blue-right
4 30 30 3 red-right, blue-left
5 60 60 6 red-left, blue-right
6 60 60 6 red-right, blue-left
7 60 60 6 red-left, blue-right
8 60 60 6 red-right, blue-left
9 30 30 6 red-left, blue-right

10 30 30 6 red-right, blue-left
11 30 30 6 red-left, blue-right
12 30 30 6 red-right, blue-left
13 60 60 12 red-left, blue-right
14 60 60 12 red-right, blue-left
15 60 60 12 red-left, blue-right
16 60 60 12 red-right, blue-left
17 60 30 6 red-left, blue-right
18 60 30 6 red-right, blue-left
19 60 30 6 red-left, blue-right
20 60 30 6 red-right, blue-left

Note—C = cycle duration, I = instructional stimulus duration, T =
trial stimulus duration (in seconds).
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tional stimulus was computed by dividing red-left pecks, a rein-
forced combination of the red stimulus on the center key and the
white stimulus on the left key, by the total pecks during all combi-
nations involving the red stimulus: red-left/(red-left + red-right)
= red DI. Then the overail DI was obtained as the average of the
proportion for the two instructional stimuli. The DI measures the
overall strength of conditional stimulus control. If responding was
independent of any instructional control, overall performance would
be at .50. When DI > .50, the response rate in reinforced stimu-
lus combinations is higher than in the nonreinforced stimulus com-
binations.

Two out of the 20 pigeons (Birds 13 and 17) were not included
in the following analyses, because of their near zero response rates
to some, or all, stimulus compounds. The exclusion of the data from
these 2 subjects produced smaller differences among the groups,
and thus provided a conservative comparison among them.

RESULTS

Figure 2 shows the mean DI, or accuracy, for each
group as a function of experimental session. All groups
exhibited a DI at or above 70% by the 12th day of train-
ing. Two groups, Groups 30-30-3 and 60-60-6, showed
a gradual rise from chance performance to a level of 90%
discrimination by the end of the 18 training sessions. The
other three groups, Groups 30-30-6, 60-60-12, and 60-
30-6, appeared to asymptote at lower levels.

The two groups exposed to the high I/T ratio achieved
the higher asymptote. This finding is especially strength-
ened by the performance of Group 60-30-6. This group
had an I/T ratio of 5 and a C/T ratio of 10, yet it achieved
an aymptotic DI comparable to that for the other low I/T
groups.

An examination of the individual DIs within each group
also supports the observation that the high I/T ratio
resulted in a higher level of differential control. DIs
summed over the last 3 days of discrimination training
for each subject are listed in Table 2, along with each
bird’s C/T and I/T ratio. For the high I/T groups
(Groups 30-30-3 and 60-60-6), 6 out of 8 birds reached
DIs close to or above 85%. Only 3 out of 7 birds in the
low I/T groups (Groups 30-30-6 and 60-60-12) were close
to 85% accuracy, and in the low I/T group (Group 60-
30-6, the control), only 1 bird exhibited discrimination
performance above 85%.

These results show that a critical determinant in the ac-
curacy level achieved by pigeons in a conditional discrimi-
nation is the relative duration of the stimulus elements.
Evidently the I/T ratio, not the C/T ratio, is the primary
influence on the final discrimination level of a conditional
discrimination.

These observations were confirmed statistically by
planned comparisons. The mean DIs from the last 3 days
of training for each group were entered into a set of five
planned comparisons. The discrimination indices of the
two low I/T groups did not differ significantly from each
other [F(1,10) = .039, p > .25]; neither did those of the
two high I/T groups [F(1,10) = .21, p > .25]. Thus the
absolute duration of the instructional stimulus or the trial
stimulus were not factors in acquisition. However, the
combined DIs for the high I/T groups were significantly
higher than the combined DIs for the low I/T groups
(F(1,10) = 9.07, p < .025], confirming the critical role
of the I/T ratio. Also, the combined DIs of the low I/T
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Figure 2. Combined proportion of total pecks in response to reinforced stimulus combinations during

conditional discrimination training.



26 COOPER

Table 2
Accurzcy Data for Individual Subjects
Group (C-I-T) Bird C/T Ratio I/T Ratio DI
30-30-3 i i0 10 80
30-30-3 2 10 10 96
30-30-3 3 10 10 87
30-30-3 4 10 10 99
60-60-6 5 10 10 .90
60-60-6 6 10 10 .78
60-60-6 7 10 10 .88
60-60-6 8 10 10 .98
30-30-6 9 5 5 .58
30-30-6 10 5 5 .84
30-30-6 11 5 5 .69
30-30-6 12 5 5 .88
60-60-12 14 5 5 Ny
60-60-12 15 5 5 .59
60-60-12 i6 5 5 .90
60-30-6 18 5 i0 .51
60-30-6 19 5 10 .75
60-30-6 20 5 10 99

Note—C = cycle duration, I = instructional stimulus duration, T =
trial stimulus duration (in seconds); DI = discrimination index (per-
cent correct).

groups did not differ significantly from the DI of the low
I/T control group, Group 60-30-6 [F(1,10) = .035,
p > .25], whereas the combined DIs for the high I/'T
groups did differ from the DI for this group [F(1,10) =
5.16, p < .05]. This demonstrates that the C/T ratio was
not the critical factor in the final level of accuracy.
Figure 3 shows the mean DIs for four groups that had
reversed Ts. In the reversal phase the T for the high I/T
ratio groups was lengthened and that of the low I/T ratio
groups was shortened. When the subjects in the high I/'T
ratio groups were switched to a low I/T ratio, a transient
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disruption in the DI occurred between Sessions 20-24,
followed by recovery to the previous high levels. Thus,
changing to a lower I/T did not permanently retard the
discrimination once it had been established.

For the subjects in the low I/T ratio groups, changing
to the higher I/T ratio produced a noticeable change in
discrimination, which continued to improve over the 10
sessions of training until it reached a level near that of
the high I/T groups. This shows that the effect of the low
I/T ratio on conditional discrimination was not permanent.

In sum, the acquisition data showed conditional dis-
criminations under all conditions. All groups reached final
levels of discrimination of greater than 70%. However,
both the acquisition and reversal data showed that the fi-
nal levels of performance were influenced by the I/T ra-
tio, and not by the C/T ratio.

The following analyses examined the influence of the
C/T ratio on the eliciting power of stimuli in a condi-
tional discrimination. For Figure 4, the groups in this
study were collapsed across C/T ratios. The high C/T
group (C/T = 10) consisted of birds in Groups 30-30-3,
60-60-6, and 60-30-6; the low C/T group (C/T = 5) con-
sisted of birds in Groups 30-30-6 and 60-60-12. Figure 4
(upper panel) shows the mean DI as a function of C/T
ratio across training sessions. This figure shows no ef-
fect of C/T ratio on accuracy early in training, but a slight
effect late in training. An overall ANOVA, based on DIs
in the first and last five sessions, showed a significant main
effect of exposure for the first five days as opposed to
the last five days [F(1,176) = 130.8, p < .0001], with
no significant difference associated with C/T ratio
(F < 1) or C/T X exposure interaction (F < 1). This
analysis again confirms that the C/T ratio was not the cru-
cial factor in discriminative performance.

Figure 4 (lower panel) shows mean rates of response
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Figure 3. Combined proportion of total pecks in response to reinforced stimulus combinations dur-
ing the last 6 sessions of conditional discrimination training and 10 sessions of the reversal condition.
In the reversal condition, Groups 30-30-3 and 30-30-6 had T (trial stimulus durations) reversed, as

did Groups 60-60-6 and 60-60-12.
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to reinforced stimulus combinations as a function of C/T
ratio. In contrast to the upper panel, this one shows a large
difference in response rates early in training, with a
smaller difference late in training. An overall ANOVA
on response rates, based on the first and last five sessions,
showed significant main effects of high C/T ratio as op-
posed to low C/T ratio [F(1,176) = 5.5, p < .02] and
of exposure [F(1,176) = 21.7, p < .0001]. There was
a significant C/T X exposure interaction [F(1,176) =
5.01, p < .026]. Further post hoc comparisons showed
that response rates for the high C/T group were signifi-
cantly greater than for the low C/T group during the first
5 days [F(1,88) = 11.02, p < .01], while response rates
did not differ among groups during the last S days
(F < 1). These data suggest that the C/T ratio influences
the strength of responding in a conditional discrimination,
an effect similar to its well-documented role in non-
differential autoshaping.

Figure 5 shows the mean percent of total pecks on the
instructional and trial keys, averaged over the last 3 days
of discrimination training (response location data for in-
dividual subjects are presented in the last two columns

1.09

0.81

0.6

0.41
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in Table 3). Groups were collapsed according to I/T ratio
to see whether the I/T ratio affected response location.
Figure 5 shows that for both groups, responding occurred
with respect to the trial key, rather than the instructional
key. Visual observation of the data reveal a preference
for the trial stimuli throughout the course of training. For
each subject, the rate of response to the instructional
stimulus prior to presentation of the stimulus compound
is listed in column 3. The individual data show that most
subjects responded very little, if at all, to the instructional
stimulus during its pretrial presentation. The majority of
the subjects’ responding occurred during the period in
which the instructional stimulus and the trial stimulus were
both illuminated. These findings show that although in-
structional stimuli did exert conditional control over peck-
ing, they did not directly evoke responding.

DISCUSSION
In the present experiment, the formation of a conditional

discrimination by pigeons occurred under all duration
values for the instructional stimulus. Thus, the present
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Figure 4. Upper panel: mean discrimination index as a function of cycle dura-
tion/trial stimulus duration (C/T) ratio across conditional training. Lower panel:
mean response rates as a function of C/T ratio across conditional discrimination
training. Groups are collapsed across C/T ratios. Groups 30-30-3, 60-60-6, and 60-
30-6 represent the high C/T group, and Groups 30-30-6 and 60-60-12 represent the

low C/T group.
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Figure 5. Percent of total pecks in response to the stimulus com-
binations, averaged over the last 3 days of conditional discrimina-
tion training. Groups are collapsed across instructional stimulus
duration/trial stimulus duration (I/T) ratios. Groups 30-30-3 and
60-60-6 represent the high I/T group, and Groups 30-30-6, 60-60-
12, and 60-30-6 represent the low I/T group.

findings fail to support Williams’ (1982) observation that
presenting the instructional stimulus throughout the cy-
cle prevents the acquisition of a conditional discrimina-
tion. Williams’ procedure was identical to that in the
present study apart from the trial stimulus itself, which
was either a white horizontal line or a white circle.
Although it has been demonstrated that pigeons learn con-
ditional discriminations more rapidly with hues than with
lines or forms (Carter & Eckerman, 1975), it is hard to

see why such a procedural difference would account for
the total lack of control by conditional stimuli in Williams’
experiment.

The major finding in the present study was that certain
features of the temporal arrangements did influence ac-
curacy, while others did not. Although a conditional dis-
crimination was demonstrated under all conditions, ac-
curacy was affected by the instructional stimulus duration
(@) relative to the trial stimulus duration (T). The greater
the I/T ratio, the better the conditional discrimination
achieved by pigeons. In contrast, the C/T ratio controlled
responding to the trial stimulus, a finding that is consonant
with previous results on autoshaping (e.g., Perkins, et al.,
1975). The groups exposed to the greater C/T ratio had
a higher response rate to the trial stimulus, but not neces-
sarily a higher accuracy level.

A major difference between our results and those of
most other studies on autoshaping involves the stimulus
condition during the intertrial interval. The present study
presented an explicit stimulus, namely the instructional
cue, during all or most of the intertrial interval. It was
apparent, however, that the C/T ratio directly influenced
the elicitation of responding. Thus, the strength of
responding may be unaffected by the instructional stimu-
lus in a conditional discrimination.

The observation that the I/T ratio controlled accuracy
was further supported by the findings in the reversal con-
dition. The original low I/T ratio groups that were ex-
posed to a novel high I/T ratio improved their performance
to a level equal to that for the original high I/T ratio
groups. When they were exposed to a new low I/T ratio,
the original high I/T ratio groups showed some initial dis-
ruption in their discriminative performance, with a sub-
sequent return to their previous performance. Williams

Table 3
Response Location Data for Individual Subjects

Percent of Total

Initial Pecks on Percent of Total
Group (C-I-T) Bird Response Rate Instructional Key Pecks on Trial Key
30-30-3 1 .18 .00 1.00
30-30-3 2 .00 .00 1.00
30-30-3 3 .00 .00 1.00
30-30-3 4 .00 .00 1.00
60-60-6 5 .01 .00 1.00
60-60-6 6 .03 .05 .95
60-60-6 7 .00 .01 .99
60-60-6 8 .00 .00 1.00
30-30-6 9 .15 .00 1.00
30-30-6 10 4.36 .40 .60
30-30-6 11 71 .64 .36
30-30-6 12 34 .02 .98
60-60-12 14 1.37 .01 .99
60-60-12 15 .03 .01 .99
60-60-12 16 .01 .00 1.00
60-30-6 18 25 .04 .96
60-30-6 19 2 .10 .90
60-30-6 20 .01 .01 .99

Note—C = cycle duration, I = instructional stimulus duration, T = trial stimulus duration (in seconds);
initial response rate is given in terms of responses per minute and signifies responses to the instructional
stimulus prior to presentation of the stimulus compound.
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(1982) also ran a reversal condition after acquisition train-
ing: for one group, instructional stimuli were presented
for the entire 30-sec cycle, having previously been
presented for only the last 5 sec of the cycle: for another
group, instructional stimuli were presented for the last
5 sec of the 30-sec cycle, having initially been presented
for the entire cycle. Williams found a similar effect dur-
ing the reversal condition. When the subjects in the rever-
sal condition had the instructional stimuli on during the
entire cycle, an initial transient disruption of the discrimi-
nation occurred, followed by recovery to the previous
level. But the group that was presented with the instruc-
tional stimuli for only the last 5 sec of the cycle showed
an immediate improvement in discrimination perfor-
mance. Additionally, Holt and Shafer (1973) found that
within a simultaneous conditional discrimination proce-
dure, increasing the interinstructional interval improved
accuracy levels, whereas decreasing the interinstructional
interval did not attenuate stable performance.

The serial presentation of stimuli in the present condi-
tional discrimination experiment resulted in a majority of
pecks on the side keys with very little pecking on the
center key. This pattern of responding suggests that the
center key exerted an instructional function (Carter &
Werner, 1978; Cumming & Berryman, 1965; Holland,
1983; Honig, 1978), rather than a direct evoking func-
tion. That is, one stimulus ‘‘instructs’’ the animal to
respond to another stimulus that actually evokes the
response. The lack of pecking in response to the instruc-
tional stimulus does not mean of course that pigeons sim-
ply “‘ignored’’ it. If so, accuracy should have been at
chance. An alternative account would be a stimulus-
configuration view, in which the stimulus combination
evokes responding (Kehoe & Gormezano, 1980). Accord-
ing to this view, responding to the trial key might reflect
pecking on the most temporally predictive key within the
stimulus configuration.

On a descriptive level, the results of the present study
are consistent with the explanation that when one stimu-
lus (S1) is presented prior to a second stimulus (S2), S2
evokes responding since it is more (temporally) predic-
tive of food. The *‘instructional’’ function of S1 emerges
when (1) S2 is a better predictor of reinforcement than
S1, and (2) S1 is in a conditional relation with the
S2-reinforcement relationship. Thus, in the present ex-
periment, the trial stimulus (S2) functioned as a stimulus
that directly elicited responding, whereas the instructional
stimulus (S1) functioned to strengthen the trial-reinforcer
relation momentarily. Perhaps the strength of the instruc-
tional stimulus is directly related to the extent to which
the trial stimulus is a better temporal predictor of rein-
forcement. In the present findings, differences among
stimulus durations reflected in the 1/T ratios could have
facilitated the instructional control of stimuli. That is, the
higher the I/T ratio, the more the better predictor of food
(the trial stimulus) was compared to the instructional
stimulus, and thus the stronger the function of the instruc-
tional stimulus became.

It is clear, however, that the I/T ratio cannot account
for some features of conditional discrimination perfor-
mance. Previous work on simultaneous conditional dis-
criminations has produced quite high accuracy levels
(e.g., Cumming & Berryman, 1965; Wiiliams, 1982).
Thus, the I/T ratio does not explain the strength of dis-
criminative performance in a simultaneous condition, in
which the I/T ratio is low (I/T = 1). It is possible that
when the instructional and trial stimuli are presented
simultaneously in a conditional discrimination, they may
form a configurational cue that controls responding (Hol-
land & Block, 1983; Saavedra, 1975; Thomas, Stengel,
Sherman, & Woodford, 1987). In the simultaneous case,
then, the C/T ratio may control accuracy.

Interestingly, the I/T ratio account would predict that
the deleterious effects of increasing the delay interval in
a delayed conditional discrimination task (Roberts, 1972)
could be attenuated by increasing I and/or decreasing T.
Roberts increased I by increasing the number of responses
required to advance to the delay interval. His results
showed that with the same delay interval, performance
improved as I was lengthened. Previous work on condi-
tional discrimination (e.g., Holt & Shafer, 1973; Roberts,
1972; Roberts & Grant, 1974; Roberts & Kraemer, 1982)
has shown that the length of the interinstructional inter-
val and of I are important variables. Along with the
present results, it seems that the temporal variables of the
interinstructional interval, I, and T may all interact with
each other to influence accuracy in a serial conditional
discrimination.

The present data show that the final level of accuracy
of a conditional discrimination within an autoshaping
paradigm is a function of the ratio of the instructional
stimulus duration to trial stimulus duration (I/T). In ac-
cord with other studies in autoshaping (e.g., Perkins et al.,
1975), the ratio of the cycle duration to trial duration (C/T)
has been shown to influence response rate. It has been
proposed that the instructional control exerted by the in-
structional stimulus reflects the combined effect of its
competition with the trial stimulus for direct control over
responding and its conditional relationship with the trial
stimulus-reinforcer relation. An inverse relation between
competition with the trial stimulus and strength of instruc-
tional control has been suggested, with the I/T ratio as
an index of this relation. The C/T ratio apparently has
a more direct effect on the strength of the trial
stimulus-reinforcer association, modulating the overall
eliciting power of the trial stimulus.
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