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Pigeons were given free-operant successive discrimination training in which, on alternate
days, two different interdimensional problems were employed (color positive and line angle
negative; a different color negative and a different line angle positive). Between days, these
problems could be construed as intradimensional ones. For one group, training was conducted
on each problem in the presence of the same ambient (contextual) stimuli, while for a second
group each problem was trained in a different context. For a third group, these two contexts
were randomly related to the problems. Postdiscrimination stimulus generalization gradients
showed that peak shifts were obtained in both the same context and the random context groups,
but no peak shifts were found for the group which learned each problem in a different context.
Results were consistent with Spear's (1973) treatment of animal memory which attributes
retention test performance to the operation of a "context-elicited" retrieval process. An alter
native uniprocess conditioning account of these and similar data was also discussed.

Spear (1971, 1973) has provided a theoretical
account of animal memory which attributes much of
forgetting to the lack of appropriate and/or a suf
ficient number of retrieval cues at the time of re
tention testing. According to this position, ambient
(contextual) stimuli, present but inconsequential
to the target learning task, can function as "re
minders," eliciting retrieval of a memory concern
ing prior training if they are stored as attributes of
that memory. 1

Support for the argument that contextual stimuli
can serve as retrieval cues was provided by Chiszar
and Spear (1969). These investigators used two
different T-mazes located in two different rooms in a
proactive interference paradigm with rats. One group
was trained on a brightness discrimination in one of
the mazes (Context 1), and a second group was
trained to the same performance level in the other
maze (Context 2). All subjects were then given
reversal training of the original brightness discrimi
nation in Context 1. Results were that those sub
jects given original and reversal training in Context 1
made more errors and required more time to reach
criterion on the reversal task than those subjects
given original and reversal training in different con
texts. Presumably, the presence of the same context
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during original and reversal training elicited the
memory of original training and this proactively
interfered with performance on the reversal task.
On the other hand, in the context change group,
context functioned to delineate original and reversal
training, thus protecting these subjects from pro
active interference.

The idea that contextual cues can serve to delineate
memory for particular training experiences was ex
tended as part of arecent doctoral dissertation con
ducted in our laboratory (Miller, 1972). Chiszar
and Spear (1969) had demonstrated indirectly that
contextual cues facilitate retrieval of memory,
i.e., retrieval of the Task 1 memory was inferred
from the observed interference with acquisition of
Task 2 performance. Miller's procedure permitted
a direct assessment of the retrieval function by
demonstrating that generalization test performance
in a given context was consistent with the discrimina
tion learning previously accomplished in that context.

Two of the eight groups actually run by Miller are
important here. Pigeons were trained to discriminate
a 576-nm light (S + ) from a 555-nm light (S - ). Dur
ing this first stage of training, context conditions were
HOUSELlGHT QFF + NOISE for a11 subjects. In
the second stage, a11 subjects were trained on the
reversal of the original discrimination task, i.e.,
555 nm (8 + ) vs. 576 nm (8 - ). Groups 1 and 2 both
received reversal training in a context different from
that present during originallearning (HOU8ELlGHT
ON + TONE). Fina11y, both groups were tested for
stimulus generalization with aseries of nine wave
lengths symmetrica11y arranged around 555 nm.
Group 1 was tested in the same context in which
reversal training took place (HOUSELlGHT ON +
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TONE), and Group 2 was tested in the same context
in which original training took place (HOUSELIGHT
OFF + NOISE). The result of intradimensional dis
crimination training (i.e., between two wavelengths)
is typically a gradient with maximal responding dis
placed from S + so as to be farther removed from S
(i.e., a peak shift, cf. Hanson, 1959; Purtle, 1973). In
Miller's experiment, Group 1 showed a peak shift to
549 nm, which is consistent with the reversal problem
(555 nm S + vs. 576 nm S - ) learned in the context in
which testing took place. Group 2 also demonstrated a
peak shift, responding maximally to 587 nm, which is
consistent with the discrimination problem learned
first (576 nm S + vs. 555 nm S - ) and learned in the
same context in which these subject were tested.
Thus, although both groups received both original
and reversal training and each problem was learned
in a different context, the memory tests gave evidence
of memory for only a single problem, i.e., that ac
quired in the context in which testing was conducted.

Now consider the following experiment reported
by Lyons and Akins (1973). These investigators
trained pigeons on two discrimination problems
which alternated from day to day, On one day, the
task was 555 nm (S +) vs. 15° line (S -), and on
alternate days, the task was 90° line (S +) vs. 538 nm
(S -). Training continued with these problems
alternating on successive days until attainment of
criterion on both discrimination tasks. Following
mastery of the discrimination, all subjects were
tested for generalization to stimuli falling along the
wavelength and line-angle dimensions. The results
were that all subjects demonstrated peak shifts along
the wavelength dimension with maximal responding
at a stimulus displaced from 555 nm so as to be far
ther from 538 nm. No peak shifts were observed in
the tests with line angle stimuli; however, the values
of 90° and 15° are so widely separated that they do
not normally lead to a peak shift in simple intra
dimensional training (Hearst, 1968). The Lyons and
Akins finding is interesting because peak shifts were
obtained along the wavelength dimension, even
though discrimination training on any particular
day was between two orthogonal stimuli, Such
(interdimensional) training does not ordinarily produce
peak shifts (Purtle, 1973). The fact that it did so in
this case may be attributed to memory. The sub
jects did not separately encode and store the experi
ences of interdimensional problems on alternating
days, thus both were retrieved during generalization
testing. Functionally, it was as if they had learned a
single problem involving both a wavelength dis
crimination and a line-angle discrimination.

Our analysis of the Miller experiment suggests
that if a different context had been used on alternat
ing days in the Lyons and Akins experiment, the
memories would have been distinctively encoded
and separately stored and thus would have been

separately retrieved, depending upon the context
present during testing. Under such conditions, no
peak shift would be expected.

The present investigation was conducted in order
to test this interpretation. In Experiment la, two
groups of pigeons were compared. One of these was
essentially a replication of the Lyons and Akins
study; peak shifts were thus expected from this
group. Unlike in their study, however, our line-angle
stimuli were more closely spaced in the hope that this
would result in peak shifts along both the line-angle
and wavelength dimensions. In our second group, a
different context differentiated odd from even days;
we expected no peak shifts along either dimension
from these subjects.

EXPERIMENT 1a

Metbod
Subjects, Twelve experimentally naive adult domestic pigeons

obtained from a local supplier and maintained at 75f1Jo (± 5 g) of
their ad-lib body weights served as subjects. The birds were housed
individually in a colony room on a 12-h light/dark cyc1e arid with
continuous access to grit and water.

Apparatus. The experimental chambers were four identical
sound-attenuating ice chests with interior dimensions of 31 x 35
x 36 cm. Each chamber had a wire-mesh floor, and one wall
constituted an "intelligence panel" constructed of aluminum
with a 2.2-cm-diam translucent plastic response key centered
20 cm above the floor. Approximately 15 cm directly below the
key, a 6.3-cm square aperture allowed access to mixed grain
from a solenoid-operated hopper. Behind the front wall directly
to the right of the aperture was a IO-cm-diam speaker which
delivered 80-dB (SPL) white noise inside the chamber (Grasen
Stadler Model901B white-noise generator). A fan mounted behind
the front wall provided ventilation as well as additional masking
noise.

Stimuli were projected onto the keys by Industrial Electronic
Engineers in-line display cells (No. 10-01-3040-1815) mounted
.64 cm behind the keys. Stimuli of nominal peak transmitted
wavelengths 501, 538, 555, 576, and 606 nm were produced by
Kodak Wratten filters 65,74,99,73, and 72 B, respectively. White
lines with angular orientations of 60°, 75°, 90° (vertical), 105°,
and 120° were 3 mm wide x 21 mm long and bisected the other
wise dark keys. The filters were transilluminated by individual
G.E. miniature lamps (No. 1815) drawing 200 mA current. While
no attempt was made to control for luminosity differences which
do occur with these projectors, Lyons and Klipec (1971) have
shown that pigeons respond systematically to wavelength differ
ences and not intensity differences in a stimulus generalization
test involving chromatic stimuli of the values employed here.
Houselights could be provided by illuminating a single G.E.
No. 1829 lamp located behind a 3 x 31 cm strip of diffusing
white Plexiglas attached across the entire top of the intelligence
panel. The only other source of illumination in the chambers
was provided by an ESB 12-V lamp situated above the food
hopper and illuminated for the entire duration of each hoppet
presentation. Programming of scheduled events was accomplished
by standard relay circuitry located in an adjoining control room.

Procedure. On the first day, all birds were magazine-trained,
hand-shaped to peck the key, and allowed to earn 50 reinforcers
delivered on a continuous reinforcement schedule. During the
next 3 days, the mean interreinforcement interval was gradually
lengthened until a variable-interval I-min (VI I-min) schedule was
in effect. During initial training, context conditions were HOUSE
LIGHT OFF + NOISE and the key was continuously illuminated
for half of the subjects by 555 nm and for the other half by a 90°



(vertical) line. The reinforcer throughout this experiment was
3 sec of access to the hopper of mixed grain. Four additional
days of VI I-min single-stimulustraining to 555 nm or 90' line for
30 min each day was then followed by nondifferential training.

Nondifferential training. Pilot work had indicated that the
transition from single stimulus to compound discrimination
training proceeds with far less disruption in responding if a
number of days of nondifferential training precedes the onset of
discrimination training. The 12 subjects were systernatically
divided into two groups (n = 6 in each) so as to closely match
response rates during single-stimulus training. For Group I,
training proceeded as follows: Daily sessions were divided into
30 successive components each of I-min duration with no inter
vening blackouts. On odd-numbered days (Days I, 3, 5, 7, and
9), responding in the presence of 555 nm and 75' line were rein
forced according to the same VI l-min schedule used during
single-stimulus training. On even-numbered days (Days 2, 4, 6,
8, and 10), responding was reinforced likewise, but the stirnuli
were 90' line and 576 nm. Thus each subject was exposed to two
different interdimensional "problems" which alternated from
day to day. Stimuli within a session were each presented succes
sively for I-min component durations in aquasirandom series,
with the stipulation that no more than three consecutive periods
with the same stimulus could occur. Context conditions were
HOUSELIGHT OFF + NOISE at all times. Subjects in Group 2
were treated identicallyexcept for the context in which alternating
daily problems were conducted. On odd-numbered days, the
stimuli associated with reinforcement were 555 nm and 75' line
and the context was HOUSELIGHT OFF + NOISE. Note that
these conditions are identical to those for Group I. On even
numbered days, the stimuli were, as for Group I, 90' line and
576 nm, but the context was different, i.e., HOUSELIGHT ON
+ TONE [1,000 Hz at 85 dB (SPL»). Training proceeded as
describedearlier, with Group 1 having alternating problems in the
same context, while Group 2 had the same alternating problems
but with each in a different context. Nondifferential training
was conducted for a total of 10 days, that is, 5 days on each
problem, and was immediately followed on Day 11 by discrimina
tion training,

Discrimination training. Stimulus conditions and context condi
tions were the same during discrimination training as they were
in nondifferential training. However, the subjects were now
trained on odd days with the problem 555 nm (S+) vs. 75' line
(S- ) and on even days with the problem 90' line (S+) vs. 576 nm
(S-). This was accomplished by reinforcing responses in the
presence of S + S according to the same VI I-min schedule
employed earlier, and extinguishing responses in the presence
of S- s. Reinforced and nonreinforced components were of l-rnin
duration, and daily sessions compriseda random ordering of 15S+
and 15 S- presentations. No intervening blackouts separated
successive components and no more than three consecutive S +
or S- components could occur. A 3-secchangeoverdelay in which
a reinforcer could not be made available during the first 3 sec
of an S+ component was employed in order to reduce the possi
bility of S+ onset acting as a conditioned reinforcer maintaining
responding at the end of an S - component, Subjects in Group I
were run on the alternating discrimination problerns each in the
HOUSELIGHT OFF + NOISE context, while Group 2 received
the alternating problems with context conditions being HOUSE
LIGHT OFF + NOISE on odd days and HOUSELIGHT ON
+ TONE on even days. Subjects were run with daily problern
alternation until attainment of a criterion of two consecutive
sessions on the same problem with at least 85ClJo of all responses
made in the presence of S+. Following attainment of criterion,
subjects were tested for stimulus generalization as subsequently
discussed.

Subjects were randomly assigned to testing conditions prior
to their completion of discrimination training. Three subjects in
each group were tested with stimuli from the wavelength dimension
and three with line-angle stimuli. Those subjects to be tested with
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wavelengthswere run with daily problem alternations until attain
ment of criterion on the 555 nm vs. 75' line problern and then
were tested ori the next day on which that problem was scheduled.
Those subjects to be tested with line angle were run with daily
problem alternations until attainment of criterion on the 90'
line vs. 576 nm problem and then were tested on the next day on
which this problem was scheduled. Note that it was not required
that subjects meet criterion on both problems before testing;
rather, they were run to criterion on the relevant problem, i.e.,
the problem in which S+ occurred along the to-be-tested
dimension.

Generalization testing. Following attainment of criterion on
the discrimination task, all subjects were tested for stimulus
generalization. Following a lO-min reinforced warrn-up on the
appropriate discrimination, aseries of blocks of five wavelengths
(501, 538, 555, 576, and 606 nm) or five line angles (60', 75°,
90°, 105', and 120') was successively presented, with no responses
being reinforced and no intervening blackouts. The stimuli re
mained on the key for 30-sec each, and each block consisted
of a different random ordering of each of the five stimuli. The
test was ended for all subjects after 10 blocks had been presented.
Group I was tested in the same context used throughout training
HOUSELIGHT OFF + NOISE. Group 2 was tested in the same
context in which the relevant discrimination problem was learned,
that is, HOUSELIGHT OFF + NOISE for subjects tested with
wavelengths and HOUSELIGHT ON + TONE for those tested
with line angles.

Results
All subjects performed comparably during maga

zine training, response acquisition, and reinforce
ment density reduction to VI Imin. Following the
initial 4 days of VI I-min single-stimulus training,
all subjects were responding consistently and were
assigned to groups so that Group 1 had an average
response rate (corrected for total hopper time) of
49 responsesImin, with a range from 29 to 71 re
sponses/min, and Group 2 had an average response
rate of 53 responsesImin, ranging from 27 to 88
responsesimin. The performance of these groups did
not differ statistically (U == 17, p > .90, two-tailed).
There was also no difference in response rates be
tween subjects having the 555-nmstimulus and those
having the 90° stimulus (U == 12.5, P > .40).

During the 10 days of nondifferential training,
all subjects responded consistently to all four stimuli.
Discrimination ratios, of the form (responses to
Stimulus l)/(responses to Stimulus 1 + responses
to Stimulus 2), computed on each problem were the
basis for comparison. Group 1's discrimination ratio
averaged over the last 2 days on the 555 nm-75° line
problem was .51 (range from .44 to .55); Group 2's
ratio on this problern averaged .54 (range from .46
to .58). On the 900-line/576-nm problem, discrimina
tion ratios averaged .52 (range from .46 to .57) for
Group 1 and .50 (range .43 to .54) for Group 2.
None of these differences among these ratios ap
proached statistical reliability (all Us > 12.5, ps >
.40). Thus, both groups were responding non
differentially and did not differ at the outset of dis
crimination training.

Acquisition of discriminative performance pro-



164 HICKIS, ROBLES, ANDTHOMAS

Figure 1. Individual subjects' generalization gradients for
Group 1 in Experiment la. See text for explanation.
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Figure 2. Individual subjects' generalization gradients for
Group 2 in Experiment la. See text for explanation.

jects tested with line-angle stimuli and the lower three
panels present the results for subjects tested with
wavelength stimuli. For convenience in identifying
the prior training stimuli, these values have been
labeled S+ for 90° line and 555 nm and S - for 75°
line and 576 nm. Remember, however, that the S+
and S - cues within the same dimension were actu
ally seen on alternate days during the course of train
ing. As shown in Figure 1, five of the six subjects
in Group 1 demonstrated a peak shift, with only
Subject L25, tested with line angles, failing to do so.
This finding contrasts with Group 2's generalization
test performance, shown in Figure 2. Note that in
Group 2 all six subjects responded maximally to
S+, i.e., no peak shifts were observed. One further
difference to note between the generalization test
performance of Group land Group 2 is the number
of responses emitted in the presence of the S - cues.
Notice that in Group 1 the minimal number of re
sponses to any test stimulus was in each case located
at S-. This contrasts with the performance of
Group 2, in which case responding dropped off
gradually from S+ with the minimal number of
responses located not at S-, but at stimulus values
most distant from S+ .

Subject
Number Relevant Task Irrelevant Task

Group I
133 90° 576 .86 555 75° .93
L31 90° 576 .89 555 75° .88
L25 90° 576 .85 555 75° .73
L20 555 75° .87 90° 576 .90
L5 555 75° .90 90° 576 .89
L17 555 75° .91 90° 576 .85
Mean .88 .86

Group 2
Ll4 90° 576 .88 555 75° .86
135 90° 576 .87 555 75° .77
L12 90° 576 .89 555 75° .87
Ll6 555 75° .85 90° 576 .73
L22 555 75° .90 90° 576 .89
Ll8 555 75° .86 90° 576 .89
Mean .87 .83

Table I
Discrimination Ratios Averaged Across the Last 2 Days

of Discrirnination Training in Experiment la

ceeded gradually, with most subjects continuing
to respond nondifferentially for the first 10 days of
discrimination training. After this, response rates to
S - s began to decrease while responding was main
tained in the presence of S+ s. The average numbers
of days to criterion on the relevant problems were
44 days (range from 28 to 62) for Group 1 and
20 days (range from 19 to 42) for Group 2, a differ
ence which was significant (U = 4, P < .03).

Discrimination ratios (S + responses/total re
sponses to S+ and S - ) on both discrimination tasks
for Groups 1 and 2 are given in Table 1. Column 1
gives discrimination ratios for individual subjects on
the relevant discrimination problem, and Column 2
gives discrimination ratios on the irrelevant problem
averaged across the last 2 days of training on each
problem. Note that the majority of subjects were dis
criminating quite well and exceeded criterion on
each problem immediately prior to generalization
testing. Average discrimination ratios for Groups 1
and 2 on the relevant discrimination problem were
.88 and .87, respectively, and discrimination ratios
on the irrelevant problem were .86 and .83, respec
tively. None of the statistical comparisons among
these scores approached significance (all Us > 13,
ps > .48). Note, however, that one subject in
Group 1 (L25) had a much lower discrimination ratio
on the irrelevant discrimination task (.73) than on the
relevant one, as did two subjects in Group 2 (L35 and
L16) with discrimination ratios of .77 and .73,
respectively.

The data of primary interest, of course, are the
results of generalization testing. Figures 1 and 2
display individual subjects' generalization gradients
plotted as the total number of responses emitted to
each of the test stimuli. The upper three panels in
each of the figures show the results for those sub-



Discussion
The results of Group 1 confirm the prediction

made earlier that peak shifts would occur in the post
discrimination generalization gradients of subjects
trained on alternate days with two different inter
dimensional discrimination problems, which can be
viewed across days as intradimensional problems.
Five of six subjects in this group demonstrated a
peak shift when tested.

Recall that all subjects except L25 were discrimi
nating with ratios greater than .85 on the irrelevant
task immediately prior to generalization testing.
Subject L25 had a discrimination ratio of only .73
at this time. It has been shown that the best predictor
of peak shift is a high overall discrimination ratio
following training (Wheatley & Thomas, 1974). It
seems likely that had L25 received additional training
sufficient to bring its discrimination ratio into line
with that of the other subjects in Group I, it too
would have shown a peak shift.

Consistent with the finding of peak shifts in five
of six subjects in Group I is the finding in all six
cases of lower responding to the S - value than to a
value still farther removed from S + . It is typical for
generalization gradients following simple intradimen
sional discrimination training to show a trough in the
vicinity of S - (Hearst, 1969; Purtle, 1973).

Furthermore, as predicted, no peak shifts were
found in Group 2, for which the two alternative
problems were trained each in a different context.
Note also that in no case was the minimum of re
sponding at the "S -" value. This finding, along
with the absence of peak shifts in this group, is
compelling evidence suggesting that, for these sub
jects, the functional S - was an orthogonal stimulus
and not the value labeled as S - in the figure.

One additional point merits further discussion. It
was f'ound that Group 1 took longer to achieve
criterion on the relevant discrimination problem
than did Group 2. This finding is consistent with our
interpretation that, in Group 2, the subjects treated
the task as involving two distinct interdimensional
problems with no generalization between what was
learned on odd days and what was learned on even
days, In Group 1, however, the presence of peak
shifts reveals that the subjects construed the task
as involving two intradimensional problems as well
as the interdimensional ones programmed by the
experimenters. Gradient interaction theory (Spence,
1937), which predicts the peak shift, also predicts
more difficulty in acquiring an intradimensional
than in acquiring an interdimensional discrimination
because of the generalization of excitatory and in
hibitory tendencies which occurs in the former case
and not in the latter one. The smaller amount of
training received by Group 2 cannot account for the
lack of peak shifts in this group. Thomas (1962)
showed that in simple intradimensional training peak
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shifts are evident quite early in training, although
they increase in magnitude as training is continued.
There is even some evidence to suggest (cf., Terrace,
1966) that very extensive training may eliminate peak
shifts which had been present earlier in training.
Finally, as mentioned earlier, Wheatley and Thomas
(1974) have shown that the discrimination ratio is
the best predictor of peak shift, and the discrimina
tion ratios were comparable in Groups 1 and 2.

EXPERIMENT Ib

There is one obvious procedural difference be
tween Groups 1 and 2 in Experiment la which must
be considered before any firm conclusions may be
drawn. Our argument is that the presence of differ
ential contextual stimuli in Group 2 served to isolate
memory for the training tasks, and thus, during the
generalization test, these contextual cues acted to
retrieve the appropriate information specifying inter
rather than intradimensional training, that is, no
peak shifts were found. For Group 1, however, since
both problems were experienced in the same context,
these subjects stored both inter- and intradimensional
information. Then, during the generalization test,
the context served to retrieve the memory of both
inter- and intradimensional training tasks, and peak
shifts were thus obtained. Presumably the absence
of peak shifts in Group 2 occurred by virtue of the
unique correlation which the different contexts had
with each problem for these subjects. Yet, in compar
ing Groups 1 and 2, it might be argued that the mere
presence of differential contextual stimuli in Group 2
was sufficient to eliminate peak shifts in that group.

Experiment 1b was conducted in order to assess
this possibility. Six pigeons were trained in the same
fashion as Groups 1 and 2 in Experiment la, and
then were tested for stimulus generalization in an
identical manner. Additionally, the same contextual
stimuli used with Group 2 were also present during
training here. However, now the different contexts
were randomly alternated, That is, there was no
systematic correlation between discrimination
problems and contextual stimuli. If we are correct
in our assumption that the context conditions for
Group 2 of Experiment 1a served to isolate memory
for the discrimination task problems, then we would
expect to find peak shifts in Experiment lb, because
here the context no longer acts in this fashion.

Method
Subjects. Six experimentally naive domestic pigeons, obtained

from a local supplier and maintained as in Experiment la, served
as subjects.

Apparatus. The operant chambers and assoeiated relay cir
cuitry used in Experiment la were also used here.

Procedure. Magazine training, response acquisition, rein
forcement density reduction, and single-stimulus training were
conducted in a fashion identical to that in Experiment la. Half
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of the subjects were trained with the key illuminated by 555 nm
and the other half with 90° line. Following 4 days of single
stimulus training, all subjects were given IOdays of nondifferential
training, with all four stimuli being equally reinforced according
to the same VI I-min schedule used earlier. On odd-nurnbered
days, the stimuli were 555 nm and 75° line, and on even-numbered
days, the stimuli were 90° line and 576 nm. During nondiffer
ential and subsequent discrimination training, two alternative
contexts (HOUSELIGHT OFF + NOISE and HOUSELIGHT
ON + TONE) were present, but instead of alternating from day
to day correlated with a particular interdimensional task as in
Experiment l a, in Experiment l b context conditions were
arranged to occur in a random sequence. On some days, the
HOUSELlGHT OFF + NOISE context accompanied the
555-nm/75°-line problem, and on some days, that context was
associated with the 90°-line/576-nm problem. The same held
true for the HOUSELIGHT ON + TONE context. Context
conditions on any particular day were determined as folIows. Each
block of IO days was divided into 5 days with each context. A
table of random numbers determined which context would be
given on a particular day, The only restriction on "true" random
ness was that no more than 3 consecutive days with the same
context could occur. Although context conditions were randomly
related to problerns, training proceeded with each problem strictly
alternating from day to day. Ten days of nondifferential train
ing were immediately followed by discrimination training.

Discrimination training proceeded as described for Experi
ment la. On odd-numbered days, responses to 555 nm were
reinforced according to a VI I-min schedule and responses to 75°
line were extinguished. On even-numbered days, responses to
90° line were reinforced and responses to 576 nm were extinguished.
As in Experiment la (Group 2), two alternative contexts were
provided here, but now these contextual stimuli were randomly
related to each problem. Context conditions on any particular day
were determined as described for nondifferential training. Each
block of IO days consisted of a random ordering of 5 days with
each of the different contexts. As in Experiment 1a, the subjects
were run on the alternating discrimination problems until attain
ment of criterion of two consecutive daily sessions with at least
85070 of all responses in the presence of the S + cue from the to-be
tested dimension.

Following attainment of criterion on the discrimination task,
all subjects were tested for stimulus generalization in extinction.
Half of the subjects were tested with line-angle stimuli and half
were tested with wavelength stimuli. Since context conditions
were randomly related to discrimination task conditions, it was
arbitrarily decided to test for line-angle generalization in the
HOUSELlGHT OFF + NOISE context and to test for wave
length generalization 'in the HOUSELlGHT ON + TONE
context. The remaining procedural details for generalization
testing were identical to those for Experiment la.

Resultsand Discussion
All subjects performed comparably during maga

zine training, response acquisition, and reinforce
ment density reduction. Following 4 days of single
stimulustraining, responserates averaged55 responses/
min, with a range from 22 to 68 responses/min.
Following 10 days of nondifferential training, all
subjects were responding with essentially equal rates
to the cues from each problem with an average dis
crimination ratio of .53 (range from .45 to .54) on
the 555 nm-75° line problem and .51 (range from
.46 to .55) on the 90° line-576 nm problem. For
statistical purposes, the group in Experiment 1b was
compared with Groups 1 and 2 from Experiment la.

A Kruskal-Wallace analysis of variance indicated
that the three groups were not reliably different from
each other during single-stimulus training (H = 2.23,
df = 2, p> .30, two-tailed) or on discrimination
ratios averaged across the last 2 days of nondiffer
ential training on each problem (Hs < 1.0 for both
comparisons).

Acquisition of discriminative performance pro
ceeded more slowly for subjects in Experiment 1b
than for the two groups in Experiment la. It took
these subjects an average of 50 days (range from 34
to 71) to reach criterion on the relevant discrimi
nation task as compared to 44 days for Group 1 and
].9days for Group 2 in Experiment la. These groups
were reliably different from each other (H = 6.35,
df = 2, p < .05), and subsequent analyses revealed
that the group in Experiment 1b was reliably differ
ent from Group 2 in Experiment la (U = 3, P < .02),
but the difference between this group and Group 1
was not significant (U = 9, p = .18).

Table 2 gives individual subjects' discrimination
ratios on each problem immediately prior to the
generalization test. Column 1 shows discrimination
ratios on the relevant problem and Column 2 shows
discrimination ratios on the irrelevant problem.
Notice that the ratios reported here are comparable
to those from Experiment la given in Table 1. All
subjects were discriminating well, with ratios greater
than .85 on the relevant problem immediately prior
to generalization testing. As inspection of Column 2
reveals, the majority of subjects in this experiment
also reached criterion on the irrelvant problem prior
to testing. Note, however, that two of the subjects in
this group (Lll and Ll9) were not discriminating as
well on the irrelevant task, with ratios of .80 and .71,
respectively.

Figure 3 displays individual subjects' generaliza
tion gradients plotted as the total number of responses
'emitted during the test to each of the stimuli. The
upper panels present subjects tested with line-angle
stimuli in the HOUSELIGHT OFF + NOISE con
text and the lower panels contain subjects tested with
wavelength stimuli in the HOUSELIGHT ON +
TONE context. Notice that four of six subjects in this
group responded maximally to stimulus values of

Table 2
Discrimination Ratios Averaged Across the Last 2 Days

of Discrimination Training in Experiment 1b

Subject
Number Relevant Task Irrelevant Task

LII 90° 576 .87 555 75° .80
L3 90° 576 .90 555 75° .92
L7 90° 576 .88 555 75° .89
L19 555 75° .92 90° 576 .71
L27 555 75° .86 90° 576 .89
L5 555 75° .89 90° 576 .89
Mean .89 .85
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Figure 3. Individual subjects' generalization gradients in Experi.
ment Ib. See text for explanation.

The results of these experiments clearly suggest
that contextual stimuli can serve as effective retrieval
cues functioning to recall memory concerning train
ing if they are stored as attributes of that memory.
In Experiment l a, it was shown that the presence of
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differential contextual stimuli associated with each
of two interdimensional discrimination tasks served
to isolate memory for these tasks, whereas the ab
sence of such differential cues allowed the memories
to interact. That interaction was reflected in three
ways: (1) The discrimination was more difficult for
subjects in Group 1 than for subjects in Group 2,
presumably because of the generalization of excita
tory and inhibitory tendencies within each dimension.
(2) In generalization testing, peak shifts were ob
served in Group 1 but not in Group 2, again suggest
ing that the training was functionally (in part) intra
dimensional. (3) A trough of responding with a
minimum at "S - " was observed in Group 1 but not
in Group 2, further demonstrating the intradi
mensional aspect of what had been learned. FinaIly,
in Experiment 1b, it was shown that the context
served this function by virtue of its unique correla
tion with the reinforcement contingencies present
in each problem rather than being due to the mere
presence of these cues during training. A group
which experienced both contexts uncorrelated with
the two interdimensional problems performed
similarly to Group 1 in Experiment la, which had
experienced both problems in the same context. Thus
our findings are consistent with those of Chiszar and
Spear (1969) and Miller (1972) in suggesting that
contextual stimuli can indeed serve as retrieval cues,
eliciting a memory concerning prior training when
they have previously been stored as attributes of that
memory.

There is, however, an alternative theoretical
account of these and similar data that should be
considered. Recall that the test we used and those
used by Chiszar and Spear and by Miller assessed
contextual effects in a context in which some aspect
of prior training took place. In all of these experi
ments, when tested in a particular context, subjects
behaved in a manner consistent with what was
learned in that context. There are available models
of associative learning which consider the entire
learning situation as an aggregate of potentially
conditionable stimuli (e.g., Mackintosh, 1975;
Rescorla & Wagner, 1972). Such views maintain
that contextual stimuli as weIl as explicitly pro
grammed stimuli are conditioned as part of the
stimulus configuration present during training.
Then, during testing, subjects behave in the presence
of elements from this configuration as they would
have if the entire configuration had been present.
Accordingly, when each problem was trained in a
different context (Group 2, Experiment l a), two
unique stimulus configurations were formed [(Con
text 1 + 555 nm vs. 75° line) and (Context 2 + 90°
line vs. 576 nm)]. Ouring the test conducted in
Context 1, since it was part of the configuration
containing 555 nm vs. 75° line, subjects behaved in
a manner consistent with that interdimensional
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105° line and 538 nm, i.e., a peak shift was obtained.
Two subjects, Lll, tested with lines, and LI9, tested
with wavelengths, did not show peak shifts, respond
ing maximaIly to the prior training stimulus. Respond
ing of Subject LII was at a low rate and quite erratic
during the course of testing, and it is questionable
as to whether a reliable gradient was obtained. Sub
ject LII did not respond at all on 41010 of the test
stimulus presentations and then responded to only
two or three of the stimuli within a block, whereas
all remaining subjects in this and the prior experi
ment responded consistently throughout the test.
Note further that both Subjects LII and LI9 were
not discriminating weil on the irrelevant task prior to
generalization testing (discrimination ratios = .80
and .71, respectively), This finding is like that ob
served with Subject L25 from Group 1 in Experi
ment la. That is, these three subjects did not achieve
as high an overall levelof discriminative performance
as did all of the remaining subjects in both experi
ments. These three subjects were also the only ones
who failed to exhibit peak shifts, whereas the remain
ing subjects in their groups did. Again, it seems
reasonable to speculate that if Lll and LI9 had re
ceived additional training so as to improve their dis
crimination performance and/or to make their
generalization test performance more reliable, they
too would have revealed peak shifts in their general
ization gradients.

Note that, as with Group 1 in Experiment la, all
subjects in Experiment 1b exhibited a minimum of
responding at the S - value. This did not happen
even once with Group 2.
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problem, i.e., no peak shifts were found. The same
holds true for subjects tested in Context 2. For
Group I, however, since the same context was
present for both problems, only one stimulus config
uration was formed (Context + 555 nm vs. 75° line
+ 90° line vs. 576 nm). Note that this configuration
contains both inter- and intradimensional informa
tion. Thus, peak shifts would be expected from these
subjects.

Such an account of the present data makes it un
necessary to invoke a memory construct as an ex
planatory mechanism. In fact, it makes suspect any
conclusions concerning memory in which retention
testing is conducted in the presence of some aspect
of the stimulus configuration present during training.
There are, however, implications of a memorial
interpretation which may provide a test of these two
alternative explanations. For example, if the memory
interpretation is correct, then the context might be
used to briefly remind subjects of particular training
contingencies. Subsequently, in the absence of those
contextual stimuli, these subjects should behave as if
the training contingencies appropriate to that context
were still present. According to a strict conditioning
model, however, such a manipulation should have
no effect. Research is currently underway in our
laboratory exploring the effectiveness of the context
as abrief "reminder" cue.
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NOTE

1. It might be appropriate at this point to c1arify our use of
certain terms in the manuscript. The word "memory" refers to
an internal representation of a prior training episode. By "con
textual stimuli," we mean those always present, ambient stimuli
which are part of the chamber in which conditioning takes place.
This includes houselights, noise, tones, floor and wall texture,
etc. Contextual stimuli are relatively inconsequential to the target
learning task, but are merely present at the time training takes
place: the terms "contextual stimuli," "contextual cues," and
"context" are used interchangeably.
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