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Sequential processes in the generalization
andtransfer ofstimulus control

JAMES V. COUCH, JEREMIAH P. COLLINS, and JOHN W. DONAHOE
University ofMassachusetts, Amherst, Massachusetts

Prior research indicated that a training sequence consisting of a negative stimulus followed
by a positive stimulus constitutes the minimal condition for the production of postdiscrimi
nation phenomena typically observed after training with random sequences of the discrimi
nanda. The present experiments, employingmultiple scheduleswith pigeonsubjects, confirmed
the earlier findings but indicated that they are restricted to procedures in which the reinforcing
stimulus may acquire a discriminative function that competes with the control exerted by the
nominaldiscriminanda.The sequencesin whichthe discriminandawerepresented did not differ
entially affect subsequent measures of generalizationand transfer if the discriminative function
of reinforcement were degraded either by introducing some reinforcers during the negative
stimulus (Experiment 1) or by omitting some reinforcers during the positive stimulus (Exper
iment 2). It was concluded that the sequence in which the discriminanda are presented during
discrimination training does not contribute fundamentally to the processes responsible for dis
criminationformation with random training sequences.

The purpose of these experiments was to assess the
generality of previous findings regarding the effects
of the sequence of presentation of discriminanda on
subsequent measures of stimulus control.

In the major reference experiment (Ellis, 1970),
postdiscrimination performance after exposure to
one of several nonrandom sequences of discrimi
nanda was compared with that after exposure to the
more usual randomly alternating sequence. One non
random sequence consisted of multiple training ses
sions, each of which was composed of massed pre
sentations of the positive stimulus followed by
massed presentations of the negative stimulus. The
daily sequence of acquisition-using a variable
interval (VI) reinforcement schedule-followed by
extinction was designated the AE sequence. A second
nonrandom sequence was composed of an otherwise
comparable exposure to massed extinction followed
by massed acquisition, and was termed the EA se
quence. The effects of the nonrandom sequences on
stimulus control were evaluated by two measures:
the postdiscrimination gradient of stimulus general
ization and transfer to a random (R) sequence of dis
criminanda. By both measures, stimulus control
following training with the AE sequence differed
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from the typical postdiscrimination performance
found with the EA and R sequences. The general
ization gradients following the AE sequence more
closely resembled those found after nondifferential
training in that the gradients were not elevated in the
region opposite to the negative stimulus (Hanson,
19S9). Furthermore, transfer from the AE to the R
sequence was poor in that differential responding
during the discriminanda did not occur without
additional training. (For related work using a single
session of exposure to the AE sequence, see: Ellis,
1970; Honig, Thomas, & Guttman, 19S9; and Rosen
& Terrace, 1975.) With the EA sequence, however,
performance was indistinguishable from that after
the R sequence. Postdiscrimination gradients were
elevated in the region opposite to the negative stim
ulus (the peak shift effect), and transfer to the R
sequence was strong and immediate.

The differential effects of AE and EA sequences
on postdiscrimination performance have been inter
preted to mean that the EA sequence is the origin of
stimulus control in standard training procedures em
ploying R sequences; that is, the EA sequence is both
necessary and sufficient for stimulus control (Ellis,
1970). For this reason, a number of investigators
have suggested that nonrandom sequences of dis
criminanda may provide useful tools for identifying
the minimal conditions essential for various discrim
ination phenomena (Rosen & Terrace, 1975) and for
investigating the processes involved in discrimination
formation (Hinson & Malone, 1980).

There is empirical precedence for supposing that
sequential effects contribute importantly to discrim
ination performance. With discrimination training
using R sequences, the rate of responding during a
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stimulus is increased when the previous stimulus con
trols a low rate and is decreased when the previous
stimulus controls a high rate. This inverse relation
ship between the rates of responding during present
and previous stimuli is termed local contrast (Malone
& Staddon, 1973; Nevin & Shettleworth, 1966).
Local contrast is, in turn, linked to another char
acteristic of discrimination performance: contrast
shoulders, or edge effects (Hinson & Malone, 1980).
Edge effects take the form of an exaggerated differ
ence in the rate of responding during stimuli near
the boundary between different reinforcement
schedules (Blough, 1975; Essock & Blough, 1977).
Finally, the sequence of stimuli presented during
generalization testing is known to affect the shape of
the postdiscrimination gradient. An R sequence
during generalization testing steepens the gradient
on the side nearest the negative stimulus and ele
vates the gradient on the side opposite to the negative
stimulus compared with gradients based upon expo
sure to only one stimulus within each test session
(Donahoe, McCroskery, & Richardson, 1970).

Before using nonrandom training sequences to
study stimulus control, however, it is prudent to
evaluate the generality of the differential effects of
AE and EA sequences on postdiscrimination perfor
mance. The effects of nonrandom sequences have
thus far been examined only with the stimulus
dimension of visual intensity and with simple sched
ules involving the presence vs. the absence of rein
forcement during the two discriminanda (Ellis,
1970). In Experiment 1 of this report, the work with
nonrandom sequences was systematically replicated
using the more commonly employed dimension of
visual wavelength instead of intensity. A second
major purpose of Experiment 1 was to examine
differential sequence effects using schedulesin which
reinforcement occurred during both discriminanda.
The persistence of sequence effects with this latter
manipulation is crucial because of a potentially
serious confound present in previous work. When
the nominal discriminanda in nonrandom sequences
are differentially associated with the presence vs, the
absence of reinforcement, the reinforcing stimulus
itself may acquire a discriminative function. With
random sequences of discriminanda or with non
random sequences in which reinforcers may occur
during both discriminanda, a discriminative function
of the reinforcer is precluded because present rein
forcers are not predictive of reinforcers for subse
quent responses. The possible discriminative func
tion of reinforcement was pursued further in Exper
iment 2, which employed the original intensity
dimension used by Ellis (1970) and a different pro
cedural manipulation to explore the potential con
found between the nominal discriminanda and the
reinforcing stimulus.

EXPERIMENT 1

As in the Ellis (1970) experiment, three sequences
of stimuli were used during discrimination training:
two nonrandom (AE and EA) sequences and a
random (R) sequence. The discriminative stimulus
during A periods was correlated with a variable
interval l-min (VII) schedule of reinforcement, and
the stimulus during E periods was correlated with an
extinction schedule (EXT).

Experiment 1 also examined the possibility that
nonrandom sequencespermitted the reinforcer to ac
quire a discriminative function that interfered with
the stimulus control exerted by the nominal discrim
inative stimulus dimension, in this case wavelength.
With AE and EA sequences, both the reinforcement
and the nominal discriminative stimulus are pre
dictive of subsequent reinforcers, since acquisition
and extinction periods are massed. In order to de
grade the predictive effect of a reinforcer, the three
sequences (AE, EA, and R) were also implemented
with a VI 4-min (VI 4) schedule of reinforcement
replacing the E component. (For ease of exposition,
the component in whose presence reinforcers were
less frequent continued to be designated E, although
extinction was not necessarilyscheduled in that com
ponent.) Thus, some reinforcers would occur during
both wavelength discriminanda, thereby attenuating
the predictive value of the reinforcer. Previous re
search indicated that similar postdiscrimination
phenomena are present with VI 1 VI 4 and VI 1
EXT schedules when random stimulus sequences are
used during discrimination training (Dysart, Marx,
McLean, & Nelson, 1974; cf. Guttman, 1959, and
Terrace, 1968).

Method
Subjects. Twenty-four experimentally naive White Carneaux

pigeons between 6 and 12 months of age and at 80010 of their
free-feedingweightsserved as subjects.

Apparatus. The experimental chambers were four identical
Lehigh Valley boxes, each of which was equipped with a food
hopper and a response key that could be transilluminated by
light of various wavelengths. The light source was an lEE display
cell containing Kodak Wratten filters 6S, 74, 99, 73, and 728
that provided peak transmissions at SOl, S38, SSS, 576, and
606 nm, respectively. During subsequent training, the stimulus
(S,) correlated with the schedule containing the more frequent
reinforcement was 538 nm; the stimulus (S.) correlated with the
less frequent reinforcement was 576 nm. The chambers were
illuminated by houselights whenever the response key was trans
illuminated. A masking noise at an intensity of 8S dB was con
tinuously present during the session. Programming and recording
equipment were located in an adjacent room.

Procedure. Pretraining consisted of two sessions of IS min of
habituation to the chamber, one session of feeder training, one
session in which keypecking was shaped, and two sessions of
continuous reinforcement of keypecking (3S reinforcements per
session). All the subjects were then given 12 sessions of VI
training. The intervals between reinforcements were randomly
sampled from an exponential distribution (Fleshier & Hoffman,
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1962) and had a mean value of IS sec during the 10 stimulus
periods of the first VI session, 30 sec during the 20 stimulus
periods of the second VI session, and 60 sec during the 30 stim
ulus periods of the remaining 10 sessions. During VI training,
the response key was transillurninated with the S. wavelength.
Each stimulus period was 60 sec in duration and was separated
from the following stimulus period by a S-sec blackout, during
which both the keylight and houselight were off. Reinforcement
consisted of S sec of access to mixed grain.

Following VI training, the 24 subjects were each randomly
assigned to one of six equal-sized groups that formed a 2 x 3 fac
torial design. One of two pairs of reinforcement schedules (VI 1
EXT or VI 1 VI 4) constituted the first factor, and one of the
three stimulus sequences (AB, EA, or R) constituted the second
factor. The AB sequence consisted of nine S. periods followed by
nine S, periods. The EA sequence consisted of nine S, periods
followed by nine S. periods. The R sequence consisted of a
quasi-random series of 32 stimulus periods containing eight S,S.
transitions and eight S,S, transitions, with S, and S, being pre
sented equally often. Thus the AB, EA, and R sequences all con
tained the same number of transitions between like stimuli. Since
these experiments sought to determine the effect of stimulus see
quences on discrimination performance, the number of transitions
between like stimuli was held constant and the number and nature
of the unlike transitions were the only sequential variables that
differed among groups. Groups did differ in the number of stim
ulus periods per session, but, since training continued until re
sponding was stable in all groups, differences ~n the ~bsolute

amount of training could not alone account for differential post
discrimination performance.

The six groups were each given IS sessions of discrimination
training, with generalization tests administered after training ses
sions 1, 3, 7, 1I, and IS. The generalization tests were co~ducted

during extinction, with a test consisting of five presentations of
each of the five wavelengths in quasi-random order. The transfer
test was obtained by shifting the AE and EA groups to the R
stimulus sequence for an additional eight sessions of training.
The groups initially exposed to the R sequence were simply con
tinued for eight sessions of further training. Generalization tests
were also conducted after the fourth and eighth transfer sessions.

Results
The effects on stimulus control of the sequences

present during discrimination training were assessed
using measures of discrimination performance, gen
eralization, and transfer.

Overall discrimination is described first and is fol
lowed by a presentation of the sequential effects that
underlay the average rates of responding.

Figure 1 shows the mean rates (responses per min
ute) during SI and S1 over the course of discrimina
tion training. Some differential responding was pres
ent on the 1st day of discrimination training after
nondifferential training with wavelength, and the dis
crimination became more pronounced as training
progressed. The difference between the rates of re
sponding during SI and Sl was reliable for all groups
on the lst day (p < .OS in each case) and was greater
for the VI 1 EXT condition than the VI 1 VI 4 con
dition [F(I,18) = 8.19, p < .05]. Differential re
sponding occurred in all sequences, but was more
evident with the R sequence than the AE or EA se
quences. The difference between the rates of re
sponding during SI and S1 was reliably greater for the
R sequence than for the nonrandom sequences [F(1,18)

150

VI 1- EXT

120

w 30
!;(

'"
Z
<100
w
~

80

20

It 3t 5 7t 9 llt 13 15'1 3 t 5 7 t

DAYS

Figure 1. Mean rates of responding (responses/minute) during the
discriminanda for the EA, AE, and R stimulus sequences. The
upper panel depicts the effects of training with the VI 1 EXT rein
forcement condition, and the lower panel the effects with the VI 1
VI 4 reinforcement condition. SoUd Ones indicate the rates dUring
S" and broken Unes the rates during S,. All aronps were trans·
ferred to the R sequence foUowing Day 15. Arrows indicate the
placement of generaUzation tests.

=9.42, p < .01]; the AE and EA sequences did not
differ from one another (F < 1).

Sequential effects, averaged over the IS sessions of
discrimination training with the R sequence, are
shown in Table 1. For both the VI 1 EXT and VI 1
VI 4 conditions, the rate of responding increased
when 81 was preceded by 81 (a stimulus correlated
with less frequent reinforcement) and decreased
when 51 was preceded by 51 (a stimulus correlated
with more frequent reinforcement). Thus, local con
trast occurred. The effect of the preceding stimulus
on the rate of responding to the present stimulus was
statistically significant [F(l,6) = 13.24, P < .05] and
did not vary reliably as a function of the reinforce
ment schedule [F(I,6) = 1.52, p > .05]. These local
contrast effects were present from the 1st day of

Table I
Mean Rate of Responding (in Responses per Minute) During the

Prevailing Stimulus as a Function of the Preceding Stimulus

Reinforcement Schedules

VI I-Ext VI I-VI 4
Preceding
Stimulus 8, 82 8, 82

81 113 5 84 30
82 123 12 89 40
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Figure 3. Relative wavelenath generalization gradients follomg
discrimination traiDing with the AE, EA, and R sequences. The
left panel presents aradlents obtained after VI 1 EXT traiDing;
the right panel presents aradlents after VI 1 VI 4 traiDiDg. Within
each condition, the gradients, ordered from top to bottom, were
obtained after 1, 3, 7, 11, or 15 days of traiDiDg.

control responding, since the change was too prompt
to be instigated solely by the often delayed change in
reinforcement frequency produced by VI schedules.
Thus, during discrimination training, stimulus con
trol by the wavelength dimension was equally evi
dent with both the AE and EA sequences. The
change in the rate of responding produced by the
one daily transition was reliable [F(I,12)= 126.57,
p < .00Il, was greater in the VI 1 EXT than the
VI 1 VI 4 condition [F(1,12)=21.10, p < .001), and
did not differ reliably between the AE and EA se
quences [F(l,12) = 1.49, p > .05].

Figure 3 shows the results of the five generaliza
tion tests interpolated among the training sessions.
All gradients were plotted as relative rates, with the
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training and did not change substantially over ses
sions [F(l4,84) = 1.04, p > .OS].

Local contrast in the nonrandom sequences was,
of necessity, confined to the one transition between
81 and 81 that occurred during each session (see Fig
ure 2). The effect of the stimulus transition was most
pronounced immediately following the transition,
and local contrast endured for some minutes. With
the AE sequence, responding decreased abruptly
when 81 was introduced and gradually increased
thereafter. With the EA sequence, responding in
creased abruptly when 81 was introduced and then
decreased thereafter. The differing patterns of
change following the transition in the AE and EA se
quences was evidence for negative and positive con
trast, respectively. The differing trends over the first
3 min of the transition were statistically reliable
[F(2,24)=5.25, p < .05]. The abruptness of the
change in responding upon the occurrence of the
transition indicated that wavelengthwas sufficient to

Figure 2. Mean rates of responding (responses/minute) during
successivestimulus periods for the EA and AE sequences. The upper
panel depictsfindinp with theVI 1 EXT reiufon:ement condition,
and the lower panel findings with the VI 1 VI 4 condition. The
broken verticailiDe iDdkates thepoiDt witbiD the "'on at wblch
the trIDIition occnrredbetwen the two discriminanda.
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number of responses during a test stimulus expressed
as a percentage of the total number of responses
during that session.

Consider first the gradients shown in the left panel
of Figure 3. These gradients were obtained from the
AE, EA, and R sequences with the VI I EXT sched
ule, which replicate the procedures of the Ellis (1970)
experiment except for the use of wavelength. Consis
tent with earlier findings, the gradients obtained after
EA and R training were more elevated in the region
opposite to the negative stimulus than the gradients
obtained after AE training. With comparable degrees
of training, the AE gradients were uniformly steeper
between 501 nm and Sl than were the EA and R
gradients. Statistical analyses indicated that the mean
AE gradient, averaged over the five generalization
tests, differed in shape from the combined EA and R
gradients [F(4,72) =3.17, p < .05] and that the
shapes of the EA and R gradients did not differ from
one another (F < 1). .

The gradients obtained when reinforcers were
made to occur during both Sl and S1 through the
use of a VI 1 VI 4 schedule are shown in the right
panel of Figure 3. Unlike the results after VI 1 EXT
training, the three sequences produced highly similar
generalization gradients. All gradients tended to be
bimodal in form, especially as training progressed.
Ten of the 12 subjects displayed bimodality in their
mean individual gradients (p < .05). Statistically,
there were no differential effects of stimulus se
quence on the shapes of gradients following VI 1
VI 4 training (F < 1). Because of their bimodal form,
the gradients differed in shape from those following
VI 1EXT training [F(4,72)=5.43, p < .001].

Figure 1 shows transfer when all groups were
shifted to the R sequence. Transfer was assessed by
comparing performance on the last day of original
training with the first day of the R sequence. With
the VI 1 EXT schedule, discrimination performance
following training with the AE sequence was dis
rupted, as shown by the increase in S1 responding
(see Figure I, upper panel). Examination of indi
vidual performance within the first transfer session
indicated that responding was low during the initial
few S1 periods and then gradually increased with con
tinued exposure to the R sequence. Discrimination
performance of the EA and R groups was relatively
unaffected by transfer to the R sequences. Compar
ing the first day of transfer with the last day of
original training, the differential rate of responding
between S, and S1 was reliably more disrupted after
training with the AE sequence than with the EA and
R sequences [F(l,18) =11.81, p < .01], while the lat
ter two groups dij not differ from one another
(F < 1). With the VI 1 VI 4 schedule, all stimulus se
quences produced strong and equal positive transfer
to the R sequence (see Figure I, lower panel). There

was no reliable differential effect of stimulus se
quence of transfer (F < 1).

Finally, with respect to performance when all
groups received the R sequence, those subjects orig
inally trained with the R sequence continued to re
spond more differentially during S, and S1 than those
originally trained with the AE and EA sequences.
This difference was reliable [F(l,18) =8.10, p < .05]
and was more pronounced in the VI 1 EXT than the
VII VI4 condition [F(l,18) =11.79, p < .01]. The
prior effect of stimulus sequence on the shapes of the
generalization gradients after VI 1 EXT training was
eliminated after transfer to the R sequence. These
gradients are not shown, since the interaction of gra
dient shape with the stimulus sequence used in orig
inal training was no longer reliable [F(4,72)= 2.27,
p > .05].

Discussion
Earlier findings obtained with the intensity dimen

sion (Ellis, 1970)were confirmed with the wavelength
dimension when the training conditions were other
wise comparable. Following the AE sequence, the
postdiscrimination gradient of stimulus generalization
was less elevated in the region opposite to the nega
tive stimulus and transfer to the R sequence was im
paired. Also consistent with previous work, the EA
sequence yielded generalization gradients and trans
fer effects that were indistinguishable from those
produced by the R sequence. While the differential
effects of AE and EA sequences were qualitatively
confirmed, the effects were quantitatively smaller
with the wavelength dimension. In generalization tests,
responding to the SOI-nm stimulus was elevated after
either EA or R training but did not exceed the rate
during the positive stimulus (538 nm); that is, peak
shift did not occur. A wavelength intermediate be
tween 501 and 538 nm would likely have controlled
the anticipated high rate. In transfer to the R sequence,
discrimination performance was disproportionately
disrupted following AE training, but differential re
sponding was not eliminated as it had been with the
intensity dimension. The smallerdisruption of transfer
was probably due to the more precise stimulus control
produced by nondifferential training with the wave
length dimension. In support of this interpretation, a
reliable difference was present between the rate of
responding during Sl and S1 within the first session
of discrimination training with the wavelength dimen
sion but not with the intensity dimension (Ellis, 1970).

Differential sequence effects were eliminated when
a discrimination procedure was used in which rein
forcers could occur during both discriminanda. With
the VI 1 VI 4 schedule, the AE sequence led to gen
eralization and transfer that were essentially the same
as those found with the EA and R sequences. The
prospect is therefore raised that the differential se-
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quence effects found in the Ellis (1970) experiment,
and possibly elsewhere (Honig, Thomas, & Guttman,
1959; Rosen & Terrace, 1975), were due to the intro
duction of a new variable through the use of non
random sequences rather than to the uncovering of a
variable that was inherent within the random se
quences. A likely candidate for this new variable is
the discriminative function of reinforcement, a func
tion that cannot develop with random sequences of
discriminanda.

The precise contribution of the discriminative ef
fects of reinforcement to differential sequence effects
cannot be a simple one, however. First, during dis
crimination training, there is clear evidence that the
wavelength discriminanda were sufficient to control
differential responding independently of any possible
discriminative effect of reinforcement. This was shown
by the immediate change in the rate of responding
upon the transition between the discriminanda in
both the AE and EA sequences (see Figure 2). The
change occurred prior to a discriminably long period
without reinforcement in the AE sequence or prior
to the first occurrence of reinforcement in the EA
sequence. Second, reinforcers are potentially capable
of acquiring a discriminative function with both AE
and EA sequences when a VI 1 EXT schedule is used,
and yet alterations in generalization and transfer oc
curred only with the AE sequence. Therefore, some
interaction between the stimulus conditions prevailing
during training and the stimulus conditions prevailing
during generalization and transfer must have pro
duced the observed differential sequence effects.

Although speculative, the following analysis of the
stimulus conditions present first during training and
then during testing provides a possible interpretation
of differential sequence effects. During training with
the AE sequence, reinforcement occurred toward the
beginning of the session and provided the context
in which both responding and the transition to S1oc
curred. During training with the EA sequence, how
ever, nonreinforcement was present toward the be
ginning of the session and served as the context for
both responding and the transition to SI.

Consider now the stimuli present during generaliza
tion testing and their similarity to those in the training
conditions. During generalization, nonreinforcement
was continuously present, since the test was conducted
during extinction. Nonreinforcement thus provided
the context in which all stimulus transitions took place.
Therefore, during generalization testing, both the non
reinforced context and the relationship of that context
to stimulus transitions more closelyduplicated the con
ditions present during training with the EA than with
the AE sequence. Consistent with an analysis in which
behavior is controlled by stimuli in addition to wave
length, appreciable responding occurred to stimuli
other than SI after training with the EA sequence.
After AE training, however, responding was more

narrowly confined, to S1> the stimulus from the AE
sequence that was present both in training prior to
reinforced responding and in generalization testing.

Turning to the stimuli present during the transfer
test, reinforcement occurred at the beginning of ex
posure to the R sequence, to which all groups were
shifted, and transitions occurred after both reinforce
ment and nonreinforcement. Since reinforcers were
present at the beginning of the transfer test, stimulus
control by wavelength after the AE sequence would
be favored over that after the EA sequence. The oc
currence of transitions after both reinforcement and
nonreinforcement would not differentially favor
either nonrandom sequence. The net effect of these
two factors might be thought, therefore, to tend to
favor transfer from the AE to the R sequence. How
ever, within the first session of transfer from the AE
to the R sequence, differential responding to the
wavelength discriminanda deteriorated, with the re
sult that, over the entire session, stimulus control by
wavelength was poorer following AE than following
EA training. The following interpretation of this
result is given: Since the VI 1 EXT schedule per
mitted the reinforcer to acquire a discriminative

. function and since reinforcers were previously present
at the beginning of both the training and transfer
session for only the AE sequence, responding during
S2increased in the transfer test as the discriminative
function of the reinforcer progressively overshadowed
control by wavelength as the transfer test continued.
There is ample evidence that reinforcers can function
as salient discriminative stimuli (e.g., Rilling &
Howard, 1981) and that such stimuli are effective in
controlling responding (e.g., Capaldi, 1971).

Whatever the ultimate validity of the foregoing
speculations, the central point to be reemphasized is
that differential effects of AE and EA training se
quences on generalization and transfer probably tell
us less about general issues in the acquisition of stim
ulus control than they do about the specific dis
criminative effects of reinforcers with nonrandom
sequences of the nominal discriminative stimuli. As
such, it is problematic whether the manipulation of
stimulus sequences is well suited to uncover the funda
mental behavioral processes underlying the acquisi
tion of stimulus control with random sequences (cf.
Rosen & Terrace, 1975). It appears that nonrandom
sequences of discriminative stimuli introduce new
processes, such as the discriminative function of rein
forcers, rather than merely make explicit processes
that are inherent within random sequences.

The conclusion that the EA sequence is not neces
sary for the occurrence of various postdiscrimination
phenomena was based upon the presence of com
parable generalization and transfer with the AE and
R sequences using a VI 1 VI 4 reinforcement schedule.
By scheduling reinforcers during 81, the discriminative
function of the reinforcer was degraded and competi-
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tion with the nominal discriminative stimuli was
presumably lessened. This conclusion must be tem
pered, with respect to stimulus control in the general
ization test, by the presence of bimodal gradients
rather than by gradients that were elevated in the
region removed from Sl and depressed in the vicinity
of Sl' Gradients of this latter form have previously
been reported following training with a random se
quence in which unequal VI schedules were correlated
with the discriminanda (Dysart et al., 1974; Guttman,
1959; Terrace, 1968). In this other work, however,
the wavelength spacing between SI and Sl was less
(20 nm) than that used in the present experiment
(38 nm), Bimodal gradients have been found following
training with equal reinforcement frequencies during
SI and Sl (Kalish & Guttman, 1957) and with main
tained generalization procedures (Blough, 1969). It
is clear, however, that a more straightforward case
could be made for the absence of differential se
quence effects if the discriminative effects of the rein
forcer were degraded by a procedure that also yielded
typical postdiscrimination phenomena. This was a
major purpose of the second experiment.

EXPERIMENT 2

Experiment 2 continued to pursue the possibility
that differential sequence effects were due to the rein
forcer's having acquired a discriminative function
with nonrandom stimulus sequences rather than to
sequences having a fundamental role in discrimination
formation. To strengthen the implications of the
present experiment for the interpretation of the orig
inal Ellis (1970) study of sequence effects, the putative
discriminative function of reinforcement was manipu
lated in a task in which the discriminanda varied in
visual intensity.

In Experiment 1, the potential discriminative func
tion of the reinforcer was degraded by occasion
ally delivering reinforcers during the stimulus cor
related with the lower reinforcement density. In Ex
periment 2, a different procedure-the variable-trials
(VT) procedure described below-in which the dis
criminative effect of the reinforcer was degraded by
occasionally omitting reinforcers during the stimulus
(S+) correlated with reinforcement was instituted.
Reinforcers never occurred during the stimulus (S-)
correlated with extinction. By means of the VT pro
cedure, complications produced by bimodal general
ization gradients were avoided and the likelihood of
obtaining more typical postdiscrimination findings
with the R sequence was enhanced.

Heretofore, the discriminative function of the rein
forcer between stimulus periods was considered.' With
nonrandom sequences of the nominal discriminanda,
the reinforcing stimulus may acquire a discriminative
function with respect to responding during subsequent

stimulus periods. This between-periods source of
stimulus control is possible because the S+ periods
are massed in AE and EA sequences. With free
operant procedures, however, there is a second means
whereby the reinforcer may acquire a discriminative
function. Since multiple reinforcers often occur within
a single stimulus period, the reinforcer may serve as
a discriminative stimulus for continued responding
within the remainder of that same period (Jenkins,
1965). The within-periods origin of a discriminative
function for the reinforcing stimulus apparently plays
little role with random sequences of the discrim
inanda (Pierrel & Blue, 1967; Razlear, Pierrel
Sorrentino, & Brissey, 1975), but it could potentially
affect performance with nonrandom sequences.
Through the use of the VT procedure, the within
periods discriminative function of the reinforcer was
eliminated in Experiment 2 and the between-periods
discriminative function was manipulated.

Method
Subjects. Twenty-four experimentally naive pigeons maintained

at S0070 of their free-feeding weights served as subjects.
Apparatus. The four experimental chambers from Experiment 1

were used with neutral density filters, rather than chromatic filters,
inserted in the lEE display cells. The neutral density filters provided
white light at the same intensities that had been used previously by
Ellis (1970): 23.7, 38.7, 60.2, 95.8,153,242, and 383lx. The S+ in
tensity was 95.8lx; the S- intensity was 242lx.

Procedure. The pretraining method was identical to that used
in Experiment I except for the institution of a VT procedure. For
the VT procedure, the length of each stimulus period was deter
mined by the same exponential distribution used to determine the
interreinforcement intervals in Experiment 1. However, reinforcers,
if any, occurred only after the last response in the stimulus period.
For a stimulus period in which a reinforcer was available, the
reinforcer occurred if a response was emitted within 10 sec of the
programmed duration of the period. Essentially all scheduled rein
forcers were collected with this criterion. The procedure eliminated
the discriminative function of reinforcement within periods, since
the reinforcer could occur only at the end of the stimulus period.
A 5-sec blackout interval separated all stimulus periods. It is
important to note that the VT procedure maintained the same
average duration of stimulus periods and the same average inter
reinforcement intervals as were present in theEllis (1970) investiga
tion and in Experiment 1 of this report. Thus, the discriminative
function of reinforcement was varied without grossly altering the
conditions under which differential sequence effects had previously
been observed.

Following pretraining with a mean S+ duration of 60 sec, the
24 subjects were assigned to one of six groups that formed a
2 x 3 factorial design. The factor having three levels was the stim
ulus sequence: AE, EA, or R. The factor having two levels was
the percentage of S+ trials that terminated with a reinforcer:
100070 or 50070. By reducing the percentage of reinforced trials to
50070, the potential discriminative function of the reinforcer be
tween stimulus periods was degraded in the AE and EA sequences,
since an S+ period was then preceded by a reinforcer on only half
the trials. The number of stimulus periods making up each daily
training session was the same as that in Experiment I, with the
transitions between like stimuli equated for all groups. The number
of training sessions, the placement of generalization tests, and the
number of transfer sessions were also identical to those used in
Experiment 1. During the generalization tests, extinction was
scheduled with each of the seven intensities being presented in
quasi-random order within six successiveblocks.
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was greater in the AE than in the EA sequence [F(1,18)
= 5.02, p < .051, and was unaffected by the per
centage ofreinforced S+ trials [F(1,18)=LSI, p> .05}.

Sequential effects occurred during discrimination
training with the VT procedure essentially as they
had with the standard free-operant procedure of
Experiment 1. Within the R sequence, in which there
were many transitions between the two discriminanda,
both positive and negative local contrast occurred.
As shown in Table 2, the rate of responding, averaged
over the 15 sessions of discrimination training, was
decreased when S- was preceded by S+ and was
increased when S+ was preceded by S-. The mag
nitude of local contrast was unaffected by the per
centage of reinforcement. The differential effects of
the previous stimulus on the rate of responding to
the prevailing stimulus were reliable [F(I,6) = 20.67,
p < .01] and did not interact with the percentage of
S+ reinforcement (F < 1). Although differential re
sponding during the discriminanda did not develop
within the first session of training, sequence effects
were already present and the magnitude of local con
trast did not change reliably over the 15 training
sessions (F < 1). Local contrast also occurred with
the AE and EA sequences, as in Experiment 1. (The
data are not displayed because they were essentially
equivalent to those shown earlier; cf. Figure 2.) Re
sponding in the AE sequence immediately decreased
upon the transitions to S- and then recovered some
what. Responding in the EA sequence immediately
increased upon the transition to S+ and declined
thereafter. Thus stimulus control by the discrimi
nanda was again clearly present during training ses
sions with the nonrandom sequences. As in Experi
ment I, these differing trends produced a reliable
interaction between stimulus sequences over the ini
tial three stimulus periods following the transition
[F(2,24)= 3.S4, p < .OS].

The gradients obtained from the various experi
mental conditions are examined first. Then internal
evidence regarding the effect of the discriminative
function of reinforcement on responding during
generalization testing is presented.

Figure 5 contains the relativegeneralization gradients
obtained from the five tests conducted during dis
crimination training. Unlike those obtained with the
standard free-operant procedure, the AE and EA
gradients were highly similar in shape. For all three

Table 2
Mean Rate of Responding (in Responses per Minute) During the

Prevailing Stimulus as a Function of the Preceding Stimulus

Reinforcement Schedules

50"
• EA
• AE

• R
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Results and Discussion
The effects of the AB, EA, and R sequences on

stimulus control after traininB with the VT procedure
were examined during discrimination, generalization,
and transfer.

The mean rates (responses per minute) during S+
and S- are shown in Figure 4. For both the 100010 (up
per panel) and 50010 (lower panel) reinforcement condi
tions, the rates during S+ and S- were similar on
the 1st day of discrimination training' and progres
sively diverged as training continued. Thus, as antici
pated, nondifferential pretraining produced less
stimulus control by the intensity dimension than was
previously obtained with wavelength. Statistical eval
uation indicated that none of the groups differed
in their responding during S+ and S- on the 1st day
of training (p> .05 in each case) and that the rates
diverged thereafter [F(14,252)=23.31, p < .001]. By
the end of training, differential responding during
S+ and S- was greater with the R sequence than
with the nonrandom sequences, and with the AE
than with the EA sequence. The pattern of results
was similar in both the 100010 and 50010 reinforcement
conditions. As evaluated over the last 3 days of train
ing, the difference between the rates of responding
during S+ and S- was reliably greater in the R than
in the nonrandom sequences [F(I,18)=7.32, p < .051,

Figure4. Mean ntes of respoildiDa(respoDSeS/miDute) dlU'idg the
diserimiDaDcIa for the EA, AE, and R stimulu sequeDces. The
upper psael deplets the effeets of tninina with reinforcemeDt at
the terminatiOD of 100." of the s+ trials, and the lower panel the
dfeets with reinforcement at the tenniDaUOD of SO"o of the s+tri
.... Sold lines lndieate the ntes durin. S+, aDd brokeD Does the
ntes darinl S-. All groups were tnnsferred to the R sequeDce
foDowJnaDay 15. Arrowslndieate the placemeDtof aenenllzaUoD
tests.
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=3.55, p < .01]. When the five generalization tests
were averaged for all sequences taken together, the
mean gradient obtained after training with 100010
reinforcement was steeper than that after 50010 rein
forcement [F(6,108)=2.65, p < .05].

As an indication of whether the reinforcing stimulus
had acquired a discriminative function, the course of
responding within each generalization test was ex
amined. As a measure of resistance to extinction, the
rate of responding was determined in six successive
blocks of stimulus periods within each generalization
test. Within each block, each of the seven test stimuli
was presented once. As shown in Figure 6, responding
declined within the generalization tests after AE train-

Figure 6. Mean rates of responding (responses/minute) across
successiveextinction blocks of generalization testing foUowingtrain
ing with the EA, AE, and R sequences. The upper panel depicts
the findings after reinforcement at the termination of 100'70 of the
S+ trials, and the lower panel the findings after reinforcement at
the termination of S0070 of the S+ trials.
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sequences and both reinforcement conditions, the
generalization gradients were elevated in the region
removed from S-, with peak shift occurring in a
number of the tests. Thus, with the VT procedure,
typical postdiscrimination findings were obtained.
With the R sequence, in which multiple transitions
occurred between S+ and S-, the gradients. were
steeper than those found after training with non
random sequences. No statistically reliable differences
occurred between the shapes of the AE and EA gra
dients (F < I), and these gradients differed as a set
from those obtained after the R sequence [F(6,108)

Flaure 5. Relative intensity genenlization gradients foUowing
discrimination tninin& with the AE, EA, and R sequences. The
left panel depicts gradients obtained after tnining with 100070 rein
forcement at the termination of S+ trials; the right panel depicts
gradients after tninin& with S0070 reinforcement at the termination
of S+ trials. Within each eondition, the gradients, ordered from
top to bottom, were obtained after 1, 3, 7, 11, or 15 days of
training.
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ing (in which nonreinforcement had never been fol
lowed by reinforcement) and increased after EA
training (in which nonreinforcement had always been
followed by reinforcement). The course of respond
ing during extinction was reliably different for the
AE and EA sequences [F(5,90)=9.4l, p < .05] and
was unaffected by the percentage of reinforcement
(F < 1). After training with the R sequence (in which
nonreinforcement had been followed by both S+ and
S-). responding remained relatively constant within
the test session. There was no statistically reliable
effect of extinction blocks on the rate of responding
during generalization after the R sequence [F(5,90)
= 1.65, p > .05].

As in Experiment 1. transfer of stimulus control
was assessed by comparing discrimination on the last
day of original training with the initial day in which
all subjects were exposed to the R sequence (see
Figure 4). Consider first the 100010 reinforcement
condition that eliminated the within-periods contribu
tion to the discriminative function of reinforcement,
but in which the between-periods contribution re
mained intact. As shown in the upper panel of Figure 4.
differential responding continued to be somewhat
disrupted upon transfer to the R sequence. with the
disruption greater after the AE than after the EA se
quence. Once again. an examination of individual data
indicated that disruption within the first transfer session
after AE training was primarily due to a progressive
increase in the rate of responding during S- as the
session continued. Although small in absolute terms.
the consistency of individual performance yielded a
reliably greater disruption of transfer following the
AE than following the EA sequence [F(l,18) = 10.57.
p < .05].

Consider now the 50010 reinforcement condition,
in which the putative discriminative function of the
reinforcer was degraded between stimulus periods.
As shown in the lower panel of Figure 4. although
there was some general disruption following transfer
from the nonrandom sequences to the R sequence,
there was no differential disruption by the AE and
EA sequences. The absence of a differential transfer
effect on stimulus sequences in the 50010 reinforce
ment condition (F < 1) and the earlier reported pres
ence of a differential effect in the 100010 condition
resulted in a significant interaction [F(1•12)= 5.31•
P < .05].

Upon continued exposure of all subjects to the
R sequence, group differences disappeared in dis
crimination performance and stimulus generalization.
As measured during the last three sessions of transfer
to the R sequence, equivalent differential responding
was achieved by the subjects previously exposed to
different stimulus sequences in original training
[F(2,18)= 1.23, n> .05]. As measured during the
two generalization tests interspersed during transfer

to the R sequence. the relative gradients for all groups
were similarly shaped (i.e., elevated in the region
opposite to S-) and responding across extinction
blocks within each test was comparable (i.e., rela
tively constant). No reliable interaction of gradient
shape (F < 1) or extinction blocks [F(lO.90) = 1.40.
p > .05] with stimulus sequences was obtained after
all subjects had been transferred to the R sequence.

GENERAL DISCUSSION

In both Experiments 1 and 2, when procedures
were instituted to reduce the discriminative function
of the reinforcer. the differential sequence effects
reported by Ellis (1970) disappeared. The differential
effects of AE and EA sequences on generalization
and transfer were eliminated with the wavelength
dimension (Experiment 1) and the intensity dimension
used by Ellis (Experiment 2) when the discriminative
function was degraded either by adding reinforcers
during the negative stimulus (Experiment 1) or by
omitting reinforcers during the positive stimulus
(Experiment 2). The most parsimonious integration
of the present findings with those of Ellis (1970) is
that. with the more typical random sequences of dis
criminanda, differential sequence effects do not funda
mentally contribute to the acquisition of stimulus
control, and that the observed sequence effects arose
from the opportunity for reinforcement to acquire a
discriminative function with nonrandom training
sequences. As such, nonrandom sequences of the dis
criminanda are probably not well suited for the il
lumination of the behavioral processes found with
random training sequences (cf. Ellis, 1970; Hinson
&Malone, 1980; Rosen &Terrace, 1975).

The precise means whereby the discriminative
function of the reinforcing stimulus interacted with
the other stimuli controlling performance during
generalization and transfer tests was incompletely
specified by these experiments. The task of analyzing
this interaction is not a compelling one. however,
since the outcome of the enterprise would likely reveal
less about the general processes essential for dis
crimination formation than about the specific pro
cesses generated by nonrandom sequences of the
nominal discriminanda. An understanding of the
fundamental processes of discrimination formation
apparently does not force an analysis of these types
of sequence effects.

Although the analysis of sequential effects is in
complete. some tentative conclusions may be reached.
First, there is substantial indirect evidence that non
random training sequences do, in fact, lead to a dis
criminative function for the reinforcer. During gen
eralization testing. the course of extinction was re
lated in an orderly manner to the type of training
sequence (Experiment 2). and, during the transfer
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test, responding in the negative stimulus actually in
creased within the first session of exposure to the
random sequence (Experiments 1 and 2). Second, a
within-periods discriminative function of the reinforcer
may be necessary, but it is not sufficient to produce
a differential effect of AE and EA sequences on
generalization. That a within-periods discriminative
function may be necessary is shown by the absence of
differential sequence effects on generalization gra
dients following training with the VT procedure (Ex
periment 2) and its presence in the free-operant pro
cedures of Experiment 1 and Ellis (1970). That a
within-periods discriminative function is not sufficient
is suggested by the absence of differential sequence
effects when reinforcers were scheduled during the
negative stimulus using a free-operant procedure (Ex
periment 1). Thus, the opportunity for the reinforcer
to acquire a between-periods discriminative function
may first need to exist before an effect of a within
periods discrimination function is observed. Third, a
between-periods discriminative function of reinforce
ment may be both necessary and sufficient to produce
a differential effect of AE and EA sequences on
transfer to a random sequence of discriminanda.
That the between-periods discriminative function
may be necessary is shown by the occurrence of dif
ferential transfer if, and only if, the predictive value
of the reinforcer was not degraded (Ellis, 1970; Ex
periment I, in the VI 1 EXT condition; Experiment 2,
in the 100070 reinforcement condition). That the
between-periods discriminative function may be suf
ficient is shown by the presence of differential trans
fer when the within-periods discriminative function
of reinforcement was eliminated (Experiment 2, in
the 100070 reinforcement condition). Thus, the dif
ferential sequence effect on transfer appears to be
solely a consequence of the between-periods dis
criminative function of reinforcement, whereas the
differential effect on generalization may involve both
the between- and within-periods discriminative func
tions. These conclusions on the sources of differential
sequence effects in generalization and transfer must
remain tentative, since the various experiments may
differ in important respects as yet unrecognized, al
though the generalcharacteristics of the present studies
and of Ellis (1970) are highly similar.

Although stimulus sequences during training ap
parently do not contribute fundamentally to dis
crimination formation, there is ample evidence that
they do affect the absolute rate of responding. During
discrimination training, transitions between successive
discriminanda increased the magnitude of differential
responding to the second stimulus. Such local effects
on the absolute strength of responding are labeled
behavioral contrast in the operant procedure (Skinner,
1938). With some free-operant procedures,local con
trast effects may contribute to a sustained elevation of

responding during the positive discriminative stimulus
through the adventitious reinforcementof high rates of
responding (e.g., Marcucella & MacDonall, 1977).

A second contribution of stimulus sequences to the
absolute rate of responding occurred during general
ization testing when extinction was scheduled. As the
test session progressed, the AE sequence generated a
decreasing rate, the EA sequence an increasing rate,
and the R sequence a constant rate of responding.
These differing trends suggest that reinforcement and
nonreinforcement provided a part of the stimulus
context that controlled responding and that respond
ing during extinction was therefore appropriate to
the stimulus conditions present during training. Con
sistent with this interpretation, similar effects of non
random sequences of reinforcementand nonreinforce
ment on resistance to extinction have been extensively
documented with discrete-trial procedures (e.g.,
Capaldi, 1966, 1971).

Most generally, the present findings highlight the
conceptual difficulties that may be engendered when
the outcome of a differential conditioning procedure
is loosely described as acquiring a "discrimination."
Technically, what has been acquired is a change in
the stimulus control of behavior. To label that change
a "discrimination" is to risk reifying the effects of
the procedure that produced the change. The extent
to which the change in stimulus control is manifest
in a given test environment depends upon the degree
to whichthe test environmentcontainsall, and only all,
of the controlling stimuli present in the training en
vironment. The test environment does not simply call
forth an invariant entity called a "discrimination."

The foregoing discussion parallels, of course,
Skinner's treatment of discrimination (Skinner, 1938,
p, 229) and of concepts (Skinner, 1977). In the cur
rent instance, different stimulus sequences during
training led to differing stimulus control in general
ization and transfer tests only to the extent that the
training procedures permitted differences in the dis
criminative effect of reinforcement to affect test per
formance. By employing a VT procedure with 50%
reinforcement, the within-periods and between-periods
origins of the discriminative function of reinforcement
may be eliminated and reduced, respectively. It is
of some interest to note that the original free-operant
procedures devised to study stimulus control typically
confined the reinforcer to the final portion of the
stimulus period (Ferster & Skinner, 1957, p. 526),
thereby preventing the reinforcer from acquiring a
discriminative function within periods. The VT pro
cedure has much to recommend it, since the procedure
avoids the discriminative function of reinforcement
within stimulus periods, as does the discrete-trials
procedure, while retaining the reliability and high
resistance to extinction characteristic of the typical
free-operant procedure.
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