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Pavlovian Processesin Simultaneous Discriminations

ThomasR. Zentall
University of Kentucky, U.S.A.

Pavlovian associative processes appear to be intimately involved in the acquisition of simultaneous
discriminations by pigeons. We have found evidence that in asimultaneous discrimination, value transfers
from the positive stimulus (S+) to the negative stimulus (S-) and the basis of that transfer appearsto bethe
higher-order association of the S- with thereinforcer, by way of the S+. Furthermore, theassociation between
the S+ and the S- appearsto be bidirectional, occurring in the form of awithin event association. In addition,
it appears that when pigeons have extended experience with the consequences of responding to the S
stimulus, contrast (the opposite of valuetransfer) develops between thetwo (e.g., increasing thevaueof one,
decreasesthevalue of the other). Findly, | suggest that versions of smultaneous discriminationsmay provide
auseful model of several Pavlovian conditioning phenomenaincluding, higher-order conditioning, within-
event conditioning, postconditioning devaluation effects, inhibitory conditioning, potentiation, and perhaps
also overshadowing.

It has long been recognized that Pavlovian processes play aroleininstrumental
conditioning. When pigeons peck a response key for food, conditioned stimuli (CSs)
might include the light on the pecking key, the proprioceptive feedback from the beak
making contact with the key, the sound and fedl of the microswitch operating, the sound
of thefeeder, and the sight of thefeeder light. It is also well established that associations
acquired using Pavlovian procedures can influenceinstrumental performance (Rescorla
& Solomon, 1967). For example, if during operant barpress performance by rats one
presentsa CSthat earlier had been paired with an aversive unconditioned stimulus (US)
one typically observes a decrease in the rate of barpressing (often called conditioned
suppression; seeeg., Kamin, 1965).

Very little attention has been paid, however, to Pavlovian processes that might
affect the relation between the discriminative stimuli in asimultaneous discrimination. In
asimultaneous discrimination, typically, two stimuli are presented and responsesto one
arereinforced (the positive stimulus or S+) whereas responses to the other are not (the
negative stimulus or S-). Kenneth Spence, one of the pioneers of discrimination learning
theory, proposed that interactions between the S+ and S- in a discrimination depend on
how similar thetwo stimuli areto each other (Spence, 1937; seedso Hull, 1943). Spence
did not distinguish between simultaneous and successive discriminations because
according to his theory, learning occurs individually to the absolute properties of the
stimuli and depends on the number of reinforced responses (excitation) or nonreinforced
responses (inhibition) to the stimuli. Spence also proposed that some of the value of the
S+ would generalizeto similar stimulus values. Thus, if the S- was similar to the S+ the
S would acquire some of the excitatory value of the S+, and the S+ would acquire some
of theinhibitory value of the S-. Furthermore, according to Spence, if the S+ and S- are
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physically quite different from each other there should belittlegeneralization from oneto
the other.

An alternative but related modd of the interaction between S+ and S- in a
simultaneous discrimination was proposed by Fersen, Wynne, Delius, and Staddon
(1991). Fersen et al. proposed that in any simultaneous discrimination some of the
positive value of the S+ will transfer to the S-, independently of the physical similarity
between the stimuli, merely because of their proximity at the time of choice. Actually,
thereis no reason that Spence should not have anticipated this prediction, given that two
important dimensional attributes of all stimuli aretheir temporal value (whenthey occur)
and their location (wherethey occur). In the case of simultaneous discriminations, the S+
and S- are presented at the sametime and in close proximity, soit is reasonableto expect
that some generalization will occur between them.

Fersen et al. (1991), apparently wanting to avoid confusion between similarity
based on dimensional values such as color, size, brightness, and shape and those based
ontimeand location called thisform of interaction, value transfer. Fersen et a. proposed
value transfer to account for data they had collected using a nonverbal version of the
transitiveinferencetask originally developed by Bryant and Trabasso (1971) for usewith
children but modified by McGonigle and Chalmers (1977). This task consisted of
training on four non-independent simultaneous discriminations made up of arbitrary
stimuli (A+B-, B+C-, C+D-, D+E-). The purpose of this task is to create stimulus
relationsthat could berepresented as, A is better than B, and B isbetter than C, and Cis
better than D, and D is better than E. Thus, if ontest trials, achoiceis provided between
B and D (each of which has served as both an S+ and an S-), B should be preferred. Such
transitive inference performance has been taken as evidence for the emergence of a
logical relation between these two untrained stimuli (see, e.g., Gillan, 1981). But Fersen
et al. proposed that differential value transfer from the S+ to the S- could account for
thesefindings. They suggested that although the direct positive value of B and D should
be comparable (as a result of training with the B+C- and D+E- discriminations),
differential value associated with the positive stimuli presented with B and D could
account for the preferencefor B over D. According to Fersen et al., B waspresented with
the always reinforced A, whereas D was presented with the sometimes reinforced C
(reinforced when it was the S+ in the C+D- discrimination and nonreinforced when it was
the S- inthe B+C- discrimination). Thus, A should have more positivevalueto transfer
to B than C hasto transfer to D.

Value transfer theory provides an interesting account of transitive inference
performance but Fersen et al. (1991) provided no evidenceto support thistheory. Infact,
Weaver, Steirn, and Zentall (1997) have shown that transitiveinference performancecan
befound in pigeons in the absence of differential valuetransfer. Furthermore, thereisa
substantial literatureindicating that in a successive discrimination, achangein thevalue
of one component generally results in an opposite (contrasting) effect in the unchanged
component (Reynolds, 1961). Herrnstein (1970; see also Belke, 1992) has reported
similar effects when two schedules of reinforcement are presented at the same time
(concurrent schedules). Concurrent schedules are afree-operant analog of simultaneous
discriminations. Thus, at the time that value transfer was proposed, there was little
evidence that such transfer of value actually occurred during the acquisition of
simultaneous discriminations.

A direct test of value transfer theory was conducted by Zentall and Sherburne



-187-

(1994). In this research, pigeons were presented with two simultaneous discriminations
(presented one at atime) involving distinctive hues. Thevalue of thetwo S+ stimuli was
manipulated by varying the probability of reinforcement associated with choice of each.
Thus, in one discrimination, Ai00Bo, responses to A were reinforced on all trials and
responses to B were never reinforced. In the other discrimination, CsoDo, responsesto C
werereinforced on 50% of thetrials and responsesto D werenever reinforced. According
to valuetransfer theory, following training, if pigeons are given a choice between thetwo
S- stimuli, they should prefer B over D because A should have morevalueto transfer to
B than C has to transfer to D. In fact, Zentall and Sherburne found that the pigeons
selected B over D on almost 80% of thetest trials.

Inthe procedure used in this experiment and in all of the other experimentsthat
we conducted and are described in this article, the hues used werered, yellow, green, and
blue, and the hues were counterbalanced such that each hue served equally often asthe
S+ and the S- in each of the two discriminations. In all experiments the discriminative
stimuli were presented on two rectangular closely-spaced response keys (0.5 cm apart)
and 5 pecks to either response key terminated thetrial. In thefirst few experiments, the
first peck to a response key turned off the alternative key, to prevent the pigeon from
switching keys, but in later research this contingency was removed because it was found
that the pigeons almost never switched keys after thefirst response. All correct choices
resulted in a 10-s intertrial interval and correct choices also resulted in 2-s access to
mixed grain. In al experiments there were 96 trials per session, representing an equal
number of each trial type. Acquisition criterion was set at two sessions at or above 90%
correct for each trial type. In general, the pigeons were given asingle 96-trial test session
involving the critical test pair with nondifferential reinforcement for responding, aswell a
continuation of training trials for at least half of thetrials in atest session.

An advantage of the design used in most of the present experimentsisthat the
response measure used to assess stimulus valueis apreferencetest. Thus, variablesthat
might have affected the absolute value of the discriminative stimuli (e.g., the duration of
the intertria interval, the value of reinforcement, the response requirement to the S+)
should have had a very similar effect on the two test stimuli.

By What Mechanism Does Value Transfer?

The fact that pigeons show a reliable preference for the S- stimulus that
appeared on trials with a higher valued S+ stimulus suggests that Pavlovian stimulus-
stimulus associations may beinvolved inthetransfer of value. Viewing thisinstrumental
task from a Pavlovian perspective raises someinteresting possibilities. Once the pigeon
has |earned not to peck the S-, on many trials the pigeon will seethe S- and then peck the
S+ to abtain thereinforcer. Although an instrumental behavior intervenes betweenthe CS
(S) and thereinforcer (US), the pigeon may still form adirect association betweenthe S-
and food viatrace conditioning (see Table 1, top). Furthermore, the degreeto which the
S-isardiable predictor of food should determine the strength of its association thus, B
should receive twice as many reinforced conditioning trials as D.

Alternatively, the S- could be associated with reinforcement indirectly, mediated
through the S+ via Pavlovian second order conditioning. In this case, the S+ would
represent the primary conditioned stimulus (CS,) which (given aresponse) is directly
followed by reinforcement, and the S- would represent the secondary conditioned
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stimulus (CS;), astimulusthat is paired with or that signals the presence of the CS, (see
Table1, bottom). Although thetwo CS stimuli are actually presented simultaneoudly, in
fact the pigeon is likely to see them successively (because of their physical separation)
and on half of thetrias it is likely that the S- will be seen first (see Wright & Sands,
1981). Although each S- should be a prefect predictor of its S+, the strength of the
primary S+-food association should determine the preference for the secondary
conditioned stimulus.

Tablel

Two Modéds of the Transfer of Value fromthe S+ to the S in a Smultaneous Discrimination.
(1) Direct Conditioning: CS(S) —— >US CS; (St)—>US
(2) Second Order Conditioning: CS (S) - >CS; (St+)—-—>US

Note. - CS = conditioned stimulus, US = unconditioned stimulus, S+ = positive stimulusin asimultaneous
discrimination, S- = negative stimulus in a simultaneous discrimination.

Rescorla (1980) has proposed that one can distinguish between the direct
association of a secondary conditioned stimulus (in this casethe S-) withtheUS and its
indirect association, as mediated through the primary conditioned stimulus (inthis case
the S+) by devaluing the hypothesized mediator. If the CS, derives its association with
the US through the CS,, then following the postconditioning devaluation of the CS,, there
should belittle evidence of aCS,-US association (or in the present casethereshould bea
reduced preference for B over D). If, however, the CS, was directly associated with the
US, one should still find evidence of a CS,-US association and B should be as strongly
preferred over D as it was before.

Zentall, Sherburne, Roper, and Kraemer (1996, Experiment 1) tested these
hypotheses. They first trained pigeons on two simultaneous discriminations (A100Bo and
CsoDg). Then, following atest to confirm that B was preferred over D, half of thepigeons
received postconditioning devaluation training with A aone. Devaluation training
consisted of single-stimulus extinction of responding to A. The remaining pigeons
received postconditioning devaluation training with C aone (the control group).
Immediately after devaluation training, the pigeons received asecond BD preferencetest.
The design of this experiment is presented in Table 2.

Table2

Design of Zentall et al. (1996, Experiment 1).
Group Training Test1 Devauation Test2
A- A100 Bo and CsoDo B>D Ao B=D
C- A1 Bo and CsoDg B>D Co B>D

Note. To Test the hypothesisthat A mediatesthe association of B with reinforcement. If valuetransfersfrom
A to B then the postconditioning devaluation of A experienced by Group A- should interfere with that
association and reduce the preference for B over D, asit does. The hues, red, green, yellow, and blue served
equally often as A, B, C, and D. The subscripts represent the percentage reinforcement associated with
responding to the stimulusin training.

Zentall et a. (1996) found that pigeons in the A-devauation group no longer
preferred B over D, whereas thosein the C-deval uation group showed adlightly enhanced
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preference for B over D (relative to their original preference). Thus, higher-order
conditioning involving the S- appearsto beinvolved in the stimulus preferencefound and
hence, in the transfer of value from the S+ to the S- in a simultaneous discrimination.

Within-Event Associations

If higher-order conditioning isresponsiblefor thetransfer of valuefromS+to S
, It suggests that the association is unidirectional. On the other hand, it also is possible
that a backward association develops between the primary CS and the secondary CS.
Rescorla and Durlach (1981) have proposed that when conditioning involves two CSs,
not only arethere associations formed between each of the CSsand the US but thereare
also bidirectional, within-event associations that may devel op between the two CSs.

To test for the presence of within-event S+/S- associations, following
discrimination training (A100Bo and CsyDg), Zentall et al. (1996, Experiment 2) gave
valueto one or the other of the S- stimuli (B or D). If the new value acquired by B or D
transferred to A or C, respectively, it should be detectablein an AC preferencetest (see
Table 3). If the associations are bidirectional, giving value to D should reduce the
preference for A over C relativeto giving valueto B.

Table3

Design of Zentall et al. (1996, Experiment 2).
Group Training Test1 Vauation Test2
B+ A100 Bo and CsoDg Avs. C B1ioo A>C
D+ A100 Bo and CsgDg Avs. C Do A>C

Note. If valuegiven to B after discrimination training (Group B+) retroactively transfersvaluefrom B to A it
should result in apreference for A over C, asit does. The hues, red, green, yellow, and blue served equaly
oftenasA, B, C, and D. The subscripts represent the percentage reinforcement associated with responding to
the stimulus in training.

When such valuation training was provided, little evidence for a change in
preferencefor A over C wasfound. It may be, however, that thelarge differenceindirect
valuebetween A and C experienced during training (A100Cso) prevented the manipulation
of thevalue of B or D from having a detectable effect on test trials.

Assuming that the strong preference for A over C, presumably resulting from
direct differential reinforcement of responding to thetwo S+ stimuli, masked the effect of
valuation of the former S- on its associated S+, Zentall et al. (1996, Experiment 3)
trained pigeons on two simultaneous discriminations in which the values of the two S+
stimuli (and thetwo S- stimuli) did not differ (AsgBoand CsoDg). In Phase 2, differential
value was given to thetwo S- stimuli (B1o0Do) and then the S+ stimuli (AC) weretested
for preference (see Table 4). Consistent with the hypothesis that within-event
associations are established during simultaneous discrimination training, onthe AC test,
the pigeons showed a modest but significant preference for A over C.

To confirmthat this new procedurewould also work in theforward direction (S
— S+; forward in this caseis defined by thetemporal position of thefood US), a second
group of pigeons weretrained on two simultaneous discriminationsin which the val ues of
thetwo S+ stimuli (and thetwo S- stimuli) again did not differ (AssBoand CsoDo) but for
these pigeons, in Phase 2, the value of the two S+ stimuli was modified (A100Co; See
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Table 4). When these pigeons were then given aBD preference test, consistent with the
results of earlier experiments, they showed a preference for B over D. Thus, it appears
that following discrimination training, any changein the value of either the S+ or the S-
will be reflected in a similar change in the value of the other member of the
discriminative stimulus pair.

Table4

Design of Zentall et al. (1996, Experiment 3).
Group Training Phase 2 Test
B+D- AsoBo and CspDo B1oo Do A>C
A+C- AsoBo and CsoDg A0 Co B>D

Note. If an increase in the value of A and a decrease in the vaue of C retroactively transfers to their
respective S- stimuli it should result in apreferencefor B over D, asit does. The hues, red, green, ydlow, and
blue served equally often as A, B, C, and D. The subscripts represent the percentagereinforcement associated
with responding to the stimulus in training.

In the research described, changing the value of one of the stimuli in a
discrimination also entailed presenting that stimulus in the absence of the other.
However, the presentation of one eement from a compound following compound
conditioning should also weaken the within-event association developed during
discrimination training. Thus, in the experiment in which apreferencefor B over D was
eliminated by extinguishing responding to A, presentation of A alone may have
weakened the within-event association between A and B, independently of the
postconditioning devaluation of A. The procedure used by Zentall et al. (1996,
Experiment 3) in which both S+ or S- stimuli were presented in Phase 2 controlsfor the
wesakening of within-event associations because within-event associations should have
been equally weakened for both discriminations.

Another approach to controlling for the effects of weakening within-event
associations was examined by Dorrance and Zentall (1999). In this experiment, all
pigeons again weretrained on two simultaneous discriminations (AsoBgand CsyDg) asin
Zentall et a. (1996, Experiment 3). Thus, no preference should have been established
during initial training. However, in Phase 2, only one stimulus was presented (either A or
B) and responses to that single stimulus werereinforced for some pigeons (Ao O Bigo)
and not reinforced for others (Aq or Bo). The four groups in this experiment were
designated A+, A-, B+, and B- (see Table5). Thetwo groups that experienced stimulus
A in Phase 2 were then given a BD preference test, whereas the two groups that
experienced stimulus B in Phase 2 were given an AC preference test.

Table5

Design of Zentall et al. (1996, Experiment 3).
Group Training Phase 2 Test
B+D- AsoBo and CsoDo B1oo Do A>C
A+C- AsoBg and CsgDo A0 Co B>D

Note. If an increase in the value of A and a decrease in the vaue of C retroactively transfers to their
respective S- stimuli it should result in apreferencefor B over D, asit does. The hues, red, green, ydlow, and
blue served equally often as A, B, C, and D. The subscripts represent the percentagereinforcement associated
with responding to the stimulus in training.

The results indicated that within-event conditioning had occurred in Phase 1,
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especially when Phase 2 training involved the S+ from original training. For both Groups
A+ and A- there was a strong preference for D over B. Thus, extinction of the within-
event AB association grestly reduced the transfer of value from A to B, even for group
A+, for which A actually experienced anincreasein value. The preferencefor D occurred
because the transfer of value from C to D remained unaffected by single-stimulus
presentations of A.

On the other hand, there was also an effect of the valence of A in Phase 2.
Although both groups showed a significant preference for D over B on test trials, that
preference was significantly greater for pigeons in group A- than it was for those in
group A+. Thus, although the association between A and B was weakened by the single
stimulus presentations of A, in Group A+, some of the added value acquired by A
apparently did transfer to B. When, asin this experiment, the two S+ stimuli weretrained
with similar value, single-stimulus presentations of one of those S+ stimuli (A) were
sufficient to reversethe preferencefor its associated S- (B). In Experiment 1 of Zentall et
al. (1996), however, thevalue of Ay intraining was substantially greater than thevalue
of Cspand single stimulus presentations of A wereinsufficient to reversethe preference
for B over D.

The datafrom the two groups that experienced stimulus B in Phase 2 and were
then given aAC preferencetest, showed effects that were quite different. For group B+,
therewas asignificant preferencefor A over C. Thus, unlikethelarge negative effect on
B of presenting A by itsdlf, for group B+ there was no apparent negative effect on A of
presenting B by itsalf. If therewas any effect at all, it was overwhemed by the positive
transfer of value from the now 100% reinforced By to the 50% reinforced Aso.

For group B-, the pigeons were essentially indifferent on AC test trials. Thus,
once again there was no apparent negative effect on A of presenting B by itself, and in
this case, because there was no change in the value of B from Phase 1 to Phase 2, there
was no positive transfer of valueto A, and A was unaffected.

Overall, the results of Zentall et a. (1996) and Dorrance and Zentall, (1999)
suggest that there are bidirectional within-event associations that develop between S+
and S- in asimultaneous discrimination, but presentation of either stimulus by itsdf is
not necessarily sufficient to disrupt that association. Instead, it appearsthat (1) positive
value acquired following discrimination training can transfer to a stimulus that has less
value at the time of test and (2) although single-stimulus presentation of the S+ from
original discrimination training appears to weaken the assodiation between the S+ and the
S, single stimulus presentation of the S- from original discrimination training does not
appear to weaken the association between the S- and the S+. Furthermore, in both cases,
achangein thevalue of oneof the stimuli following original discrimination training can
affect thevalue of the other, aresult that not only supports valuetransfer theory but aso
indicates that value can transfer retroactively.

Value Transfer or Conditioned I nhibition

The results of research described here suggest that if following discrimination
training, the value of one of the stimuli is modified in the absence of the other, that
modification can affect the value of the unmodified stimulus. Would similar results be
obtained if the two kinds of trial were interspersed rather than occurring in separate
phases of training? Thus, if AsBe and CsoDo discrimination training trials are
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interspersed with single stimulus A9 and Co trials, would one still find apreferencefor
B over D ontest trias. Although one could arguethat single stimulus Ao trials should
weaken the association between A and B, Cy trias should have a corresponding and
balancing effect on the association between C and D.

What is provocative about this design isthat it presents conditions appropriate
for the development of conditioned inhibition (or possibly an occasion setter-an
occasion setter isastimulus that signals the value of a discriminative stimulus but does
not take on thevalue of that stimulus, Holland, 1983). Consider therole played by theS-
stimuli in the mixed-trial design just described. Responding to A issometimes associated
with a high rate of reinforcement (100%, i.e., when it is presented alone) and is
sometimes associated with alower rate of reinforcement (50%, i.e., when it appearswith
Bg). Thus, B, could serve as asignal that the value of A isnow lower than it would beif
Bo was not there. In Pavlovian terms, either the reduced value of A should be attributed
to By (Rescorla & Wagner, 1972) and B should become a CS-, or if B becomes a
negative occasion setter, it should not enter into association with A. In ether case, the
value of B should not improvewith the addition of A trials. Alternatively, if thevalue
of B isdetermined by the overall (or average) value of A, then becausetheoverall value
of A is better than the overall value of C, B should be preferred over D.

A similar, and perhaps even more convincing argument can be made for the
effect of Cy trials on the CsoDg discrimination. In this case, the presence of D should
signal that C has valuethat otherwiseit would not have. Again, in Pavlovianterms, ether
theincreased value of C that is signaled by D should be attributed to D, thus making it a
CS+, or if D becomes apositive occasion setter, it should not enter into association with
C. Again, in either case, thevalueof D should not decrease with the addition of Cy trials.
Alternatively, if thevalue of D is determined by the overall value of C, then becausethe
overall value of Cisworsethan the overall valueof A, onceagain, B should bepreferred
over D.

In aseries of experiments, Dorrance, Kaiser, and Zentall (1998) found support
for value transfer theory. In each case, the pigeons were trained on two simultaneous
discriminations in which the schedules of reinforcement associated with the two S+
stimuli (and thetwo S- stimuli) did not differ (e.g., As)Boor CsoDg). What differed was
the value of the two S+ stimuli when presented by themselves (e.g., A1, Co). Thus, the
average values of the two S+ stimuli differed (i.e.,, they were nominally Azs, Cys) and
those values predicted the S- preference (B over D) on test tridls (see Table 6).
Furthermore, in separate experiments, increasing the value of one S+ without changing
the value of the other S+ (i.e., A1, AsoBoor CsoDo, Cso) Or decreasing the value of the
other S+ without changing the value of thefirst S+ (i.e., Asy, As)Boor CsoDg, Cp), resulted
inthe predicted value transfer effects on preferencefor the S- stimuli (B over D). Thus,
although thereis evidence that single-stimulus presentations of the S+ tend to wesken the
association between the S+ and S- in a simultaneous discrimination, if one controlsfor
this effect by equating for it in thetwo discriminations, the valuethat the S+ can transfer
to the S- depends on a combination of its valuewhen paired with the S-, together withits
valuein other contexts.
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Could Value Transfer Result From Differential Inhibition Experienced During
Training?

Aitken (1999) has argued that what appearsto bevaluetransfer in thesestudies
may actually result from differential inhibition that accruesto thetwo S- stimuli (seeaso
Couvillon & Bitterman, 1992; Wynne, Fersen, & Staddon, 1992). The argument is that
100% reinforcement to A1 in the A100B, discrimination should lead to few choices of B,
whereas partial reinforcement of responding to Cs, in the CsgDg discrimination should
lead to more choices of D. If intraining, pigeons make more choices of Dy than By, more
inhibition should develop to D than to B and on BD test trias, B should be preferred.
This position isbased on Aitken’ s observation that thereis a positive correl ation across
experiments between responding to D in training and the preferencefor B over D ontest
trials.

Table6
Design of Dorrance Kaiser, and Zentall (1998) experiment.
Experiment Training Test
1 Ao, Asp Bo, Co, Cso Do B>D
2 Ao, Asp Bo, Czs, Csp Do B>D
3 Ai00, A100 Bo, C2s, C100 Do B>D
4 Ao, Azs Bo, Czs, Co5 Do B>D

Note. Single stimulus presentations of the S+ stimulus with greater value than it had in the discrimination
should causeits S- to become a conditioned inhibitor. However, if mean value of the S+ transfers, thevaue
of the S- should increase, asit does. The hues, red, green, yellow, and blue served equally often as A, B, C,
and D. The subscripts represent the percentage reinforcement associated with responding to the stimulusin
training.

Although the logic seems sound, thereis evidence that is inconsistent with this
interpretation. First, in spite of the different reinforcement histories associated with the
two simultaneous discriminations, in virtually all of the valuetransfer experiments, the
number of choices of the two S- stimuli did not differ significantly. In some cases,
pigeons actually chose B more often than D in training (presumably because of
idiosyncratic preexperimental stimulus preferences), yet almost al of them also preferred
B over D on test trials. Furthermore, in a similar analysis of the relation between
reinforced and nonreinforced experiences with the S+ and S- stimuli inthreeexperiments
using a transitive inference design, Higa and Staddon (1993) concluded that
reinforcement history with the discriminative stimuli did not predict the presence (or
absence) of the transitive inference effect. Instead, they suggest that this effect may
depend on dynamic properties of training such asthe order in which thetraining pairsare
acquired.

Second, if differential inhibition, produced by the difference in the number of
choicesto D and B intraining, was responsiblefor the choice B over D intest, thenthere
should be a positive, within-experiment correlation between that differencein training
and the preference in test (thelarger the differencein the number of choices of D vs. B,
the greater the preference should be for B). Instead that correlation was generally
negative (although not significantly so).

Perhaps the most convincing evidence against the differential inhibition account
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of value transfer comes from Zentall et al. (1996, Experiment 3) in which the two S+
stimuli were given the samedirect valuein training (as werethetwo S- stimuli), and the
value transfer manipulation was introduced following discrimination training. In this
case, there should have been no possibility of differential inhibition. But, of course,
strong evidence for value transfer was found (see also, Dorrance & Zentall, 1999).

Aitken (1999) also suggested that stimulus generalization may have played a
role in the value transfer effects found because hues were used as the discriminative
stimuli and typically the discriminations presented in training involved huesthat werenot
as far apart spectrally as they might have been (e.g., red+ydlow- and green+blue-).
However, as noted by Zentall, Dorrance, and Clement (1999), traditionally obtained
generalization gradients, following single stimulus training (rather than discrimination
training which typically produces steeper gradients), indicate that thereis virtually no
responding to test stimuli that are as spectrally far apart as the hues used in the present
value transfer research. Furthermore, in experiments in which there was complete
counterbalancing of the hues, not only was value transfer found but the condition in
which the strongest value transfer effect was found (97% choice of B over D) was the
condition in which the within-discrimination hues were selected to be spectrally farthest
apart (i.e., red vs. green and yellow vs. blue, see Zentall et al., 1999). Certainly, if
stimulus generalization played arolein these experiments Zentall et al. should have seen
some evidence of it. Nonetheless, future research should more directly test Aiken's
hypotheses and either assess the effects of differentia inhibition and stimulus
generalization or control for them.

Negative Value Transfer Versus Contrast

When pigeons acquire a simultaneous discrimination, unless it is acquired
without errors, they learn that responsesto the S- arenot reinforced. And stimuli that are
not followed by reinforcement may acquire inhibitory or negative value. If the value of
the S+ affects the value of the S- with which it was presented, does the value of the S-
also affect the S+ with which it was presented? In other words, to what extent does the
presumed inhibition associated with the S- transfer to the S+?

Traditionally, it has been more difficult to assess inhibitory conditioning than
excitatory conditioning because it is difficult to distinguish the absence of conditioned
responding due to inhibition from the absence of conditioned responding due to
neutrality. Thus, by its nature, inhibition must be assessed either on an excitatory
baseline or by way of resistance to reinforcement (Hearst, Besley, & Farthing, 1970).

In the case of simultaneous discriminations, the assessment is made even more
difficult becausethetotal experiencethat animal haswith the S- isgenerally morelimited
than in a successive discrimination. In a simultaneous discrimination, it is sufficient for
the tendency to respond to the S+ to be clearly greater than the tendency to respond tothe
S for ahigh leve of discrimination performanceto befound. That is, the S- can possess
substantial excitation aslong asit is sufficiently less than the excitation possessed by the
S+ to result in consistent choice of the S+. In a successive discrimination, however, the
tendency to respond to the S- must be near zero for a high level of discrimination
performance to be found because the S- appears by itsdlf. Furthermore, in the case of a
successive discrimination, responses to the S- haveonly minimal negative consequence(a
few wasted responses), whereas in a simultaneous discrimination, the consequenceof an
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incorrect choice is typically the lost reinforcement. As a result, simultaneous
discriminations are generally acquired rapidly and experiencewith the S- isquitelimited.

A preliminary experiment exploring the possibility of negative value transfer
was reported by Clement, Weaver, Sherburne and Zentall (1998). The design of this
experiment (see Table 7) was the mirror image of the design used by Zentall and
Sherburne (1994). Theideawas to train pigeons on two simultaneous discriminationsin
which thedirect reinforcement value of thetwo S+ stimuli was equal and thevaueof the
S stimuli was varied (A100Bo and CypoDsp).

In this experiment, following training, when the pigeons were given AC test
trials, no preference was found. However, given the limited experience that the pigeons
had with the two S stimuli (the discriminations were acquired very quickly, with an
average of only 13.3 choices of each S during acquisition and those choices were
typically madeearly in acquisition) it was not clear that this provided areasonabletest of
the transfer of negative value. Compare this limited experience with the more than 200
choices (on average) of each S+ during acquisition. That is, there was very little
opportunity for inhibition and considerably more opportunity for excitation.

Table7
Design of Clement Weaver, Sherburne, and Zentall (1998) Experiments.

Training Test
Preliminary Experiment A100 Bo, C100 Dso A=C
Experiment 1 Az By, C75, Bo A>C
Experiment 2 Az Bo, C75 D25, Bo, Dos A>C

Note: If negative vaue transfers, then B should transfer less value to A, than D should transfer to C.
However, if there is contrast between the less positive B and A, then the value of A should increase, asiit
does. The hues, red, green, yellow, and blue served equaly often as A, B, C, and D. The subscripts represent
the percentage reinforcement associated with responding to the stimulus in training.

To provide a better estimate of the effect that awell experienced S- might have
on the S+ with which it is paired, Clement et a. (1998, Experiment 1) made several
changesin thedesign of the preliminary experiment (see Table 7). First, becauseit isnot
clear what the effect of partial reinforcement of responding to the S- might have on its
associated S+ (Dsp might either transfer some positive valueto Cyo or draw somevalue
away from Cyog), the CiooDso discrimination trials used in the preliminary experiment
were replaced with single-stimulus Cy trials. Second, the probability of reinforcement
associated with thetwo S+ stimuli was reduced from 1.00 to .75. This changewas made
to avoid the possibility of a performance ceiling on AC test trials. More specifically,
pigeons given a choice between two stimuli both associated with reinforcement on 100%
of the trials may respond to the first stimulus observed. Third, because errors could be
made on AzsBg trials but not on single-stimulus Cys trials, a correction procedure was
used to ensurethat the pigeons would experience the same number of reinforcementsfor
responding to Az as Crs. Finally, to ensure adequate exposure to the conseguences of
responding on By trials, single-stimulus presentations of By were included during
training. Thus, training consisted of discrimination trials involving AzBg, and single
stimulus trials involving Czs on sometrials and By on others. If negative valuetransfers
from B to A astheresult of A7sBg training, then pigeons should prefer C over A on test
trials. Instead, Clement et al. found astrong (71%) preferencefor A over C. Theresults
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of this experiment suggest that the presence of an S- may actually enhance the S+ with
whichit is paired.

The rationale for deleting D from the C+D- discrimination was to avoid the
problem of predicting the effect on C of giving some valueto D. But given the finding
that A was preferred over C, it is possible that single-stimulus presentations of C
introduced an artifact—namely, that A appeared in the context of achoiceinbothtraining
and test, whereas C appeared in the context of choice, only intest. Thus, ontest trials, the
novelty of the choice context for C may have biased the pigeons to choose A.

In Experiment 2, Clement et a. (1998) corrected this problem by replacing
single-stimulus presentations of C with a CD discrimination in which D had direct value
greater than zero and the pigeons experienced single-stimulus presentations of thetwo S-
stimuli (A7sBo, C7sD2s, Bo, D2s; see Table 7). Once again, following acquisition, the
pigeons were given a choice between A and C and once again they preferred A. Thus, the
preference for A in thefirst experiment did not depend on the absence of choicetrials
involving Cin training.

Theresults of these experiments suggest that in a simultaneous discrimination,
whereas positive value transfers to the negative stimulus, negative valuedoes not transfer
to thepositive stimulus. (When pigeons weretrained, A100Bo and CygDs0, and tested with
B vs. D, no preference was found.) In fact, if adequate experienceis provided with the
negative stimulus, contrast or positive induction results and the contrast enhances the
value of the positive stimulus with which it was paired.

Although single stimulus presentations of the S- stimuli did appear to produce
contrast in the simultaneous discriminations, it could be argued that those single-stimulus
presentations effectively converted the simultaneous discriminations into successive
discriminations (i.e., Az, Czs, Bo, D2s). But if single stimulus training with the S- stimuli
converted the simultaneous discriminations into successive discriminations, it isnot clear
why differential contrast would occur. That is, were it not for the AzBo, and CzsDos
associations developed during training, it is not clear why B should be contrasted with A
rather than with both A and C and why D should be contrasted with C rather than with
both A and C. Thus, nonreinforced experiencewith B (aswell as D) should have hadthe
same effect on C ason A.

The presence of single-stimulus trials appears to be necessary to produce the
contrast effect found by Clement et al. (1998). Isit possiblethat theinclusion of single-
stimulustrials among discrimination trialswill generally convert thereation between S+
and S- fromvaluetransfer to contrast - evenin apositive valuetransfer design? Clearly,
single-stimulus trials are not sufficient to produce contrast because Dorrance et al.
(1998) found value transfer when single stimulus presentations of the S+ stimuli were
included in training. However, in each of the experiments reported by Dorranceet d., the
valueof at least oneof the S+ stimuli changed when it was presented asasinglestimulus.
However, for contrast to occur, it may be sufficient to have single-stimulus presentations
of the S+ stimuli and for the value of those S+ stimuli to be the same asthey arein the
context of the simultaneous discrimination. To test this hypothesis, Clement et a. (1998)
included apositive valuetransfer group in their second experiment and they added single-
stimulus presentations of the S+ stimuli in training (A100Bo, CsoDo, A100, Csp). Consistent
with value transfer theory, on BD test trials, the pigeons preferred B over D on 70% of
thetrials. Thus, single stimulus presentations of the S+ stimulus from the simultaneous
discrimination are not sufficient to convert value transfer to contrast. However, single-
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stimulus presentations of the S- do appear to be sufficient to produce contrast.

Recall that in the positive valuetransfer design, thevalue of the S+ isvaried and
its effect on the S- stimulus is assessed on test trials. Thus, one could argue that the
single stimulus presentation of the S- stimuli in Clement et a.'s (1998) second
experiment should have reduced or eliminated the effect of the S+ on the S- withwhichit
was paired. That is, whatever value has been attributed to the S- based on its association
with its S+ should have been reduced by direct experiencewith the S- when presented by
itself. Clement and Zentall (2000, Experiment 1) tested this hypothesis in a design
similar to that used by Zentall and Sherburne (1994). Pigeons were trained on two
simultaneous discriminations with choice of one S+ reinforced on 100% of thetrialsand
choice of the other S+ reinforced on 50% of the trials (see Table 8). Single stimulus
presentations of the two S- stimuli were also included. To ensure that the pigeons had
similar direct experiencewith both S- stimuli, the stimuli were each given asmall value,
sufficient to maintain responding on single-stimulustrials. Furthermore, that small value
was aso nominally given to the S- stimuli when they appeared in the simultaneous
discriminations (A100B125, CsoD12.5 Bizs, D125s). Surprisingly, when the pigeons were
given BD test trials, they showed contrast or negative induction in the form of astrong
preferencefor D over B. Furthermore, in afollow-up within-subject experiment, Clement
and Zentall (2000, Experiment 2) demonstrated that if therewaslittle experiencewith the
S- during original training, value transferred from S+ to S- but when training was
continued and single-stimulus S- trials were included, contrast resulted (see Table 8).
Thus, when pigeons that had just shown value transfer were given increased experience
choosing the S- stimuli, they reversed their preference and showed negative contrast (or
negative induction).

Table8
Design of Clement and Zentall (2000) Experiment.
Training Test
Experiment 1 A100B125, Cs0D125, Bi2s, D12s B<D
Experiment 2
Phase 1 A100B125, Cs0D125, A100, Cso B>D
Phase 2 A100B125, CsoD125, B12s, D12s B<D

Note: If sufficient experience with the S-isresponsiblefor contrast as opposed to value transfer then single-
stimulus S- training should decrease the value of the S- paired with the greater valued S+, asit does. The
hues, red, green, yellow, and blue served equally often as A, B, C, and D. The subscripts represent the
percentage reinforcement associated with responding to the stimulusin training.

The above research indicates that in a simultaneous discrimination, value will
typically transfer fromthe S+ tothe S-. However, when increased responding tothe S-is
provided intheform of single stimulus presentations, the effect of the S+ istoreducethe
value of the S- even further. In other words, relativeto the S+ the S- isworth even less.

An interesting prediction can be derived from the above analysis. Thediscrete
trial simultaneous discrimination described hereis similar in many ways to an operant
concurrent-schedules procedure in which a pigeon is given a choice between asignaled
relatively rich schedule, A, on one response key (e.g., a variable interval, VI, 20 s
schedule) and a signaled poorer schedule, B, on the other response key (e.g.,aVI1 40 s
schedule). According to the matching law (Baum, 1974; Herrnstein, 1970), pigeonswill
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typically respond moreto the key with thericher schedule and they should distributetheir
responses in proportion to therelativerate of reinforcement (i.e., in this case, two to one
in favor of the VI 20 s schedule). If the pigeon also acquires a second pair of signaled
concurrent schedules; C, VI 40 sand D, V180 s schedules, and it is then given a choice
between the two V140 s schedules, B and C, what should the effect of thericher V120 s
schedule be on the poorer V1 40 s schedule as compared with the effect of the poorer
V180 s schedule on thericher VI 40 s schedule? If value transfers from thericher to the
poorer schedule then B should be preferred over C, however, the results of this
experiment indicated that C was chosen over B (Belke, 1992). On the other hand, the
results of several experiments presented here suggest that in the discrete-trial procedure,
value transfer depends on the limited experience that the pigeon has with the stimulus
associated with the poorer schedule (i.e, the S-). When the pigeon is given extensive
experience with the S-, contrast results. In the case of concurrent schedules, it can be
argued that the pigeons have had extensive experience with the less preferred stimulus,
thus onewould expect contrast to devel op and the V140 s schedul e that was experienced
in the context of thericher V120 s schedule should appear to be a poorer schedule than
the V140 s schedule that was experienced in the context of a poorer V180 s schedule.

Predictions

The idea that the amount of experience with the S- in a simultaneous
discrimination will determine whether value transfers from the S+ to the S- or contrast
devel ops between the two stimuli suggests that a parametric manipulation of experience
with the S- in a simultaneous discrimination would yield the following results. Early in
training, prior to a high level of discrimination performance, the S+ should have little
effect on the S- with which it is paired. With additional training, the S+ should transfer
someof itsvaluetothe S-. However, if additional experienceis provided with the S- (by
means of single stimulus training), the added value provided by the S+ should decrease
and contrast (or negative induction) should be found.

Theideathat valuetransfer isaform of stimulus generalization resulting from
the temporal and spatial contiguity of the S+ and S- stimuli leads to the prediction that
increasing the spatial separation between the two stimuli should decrease the amount of
value that transfers. In the present research the response keys were close together (only
0.5 cm apart). If the mechanism underlying value transfer is correct, thetransfer effects
should be reduced by placing the keys further apart. A similar prediction canbemadefor
an increase in temporal separation, although we already know that successive
discriminations result in contrast, perhaps produced by theincreased experiencethat the
pigeons have with the conseguences of responding to the S- stimulus.

Extrapolation to Other Pavlovian Phenomena
Simultaneous Discriminations as a Model of Pavlovian Potentiation
When two stimuli are presented at the sametime (CS; + CS;), the more easily
conditioned stimulus may retard the conditioning of the other, relativeto a control group

that is trained on the less easily conditioned stimulus by itself. This phenomenon first
reported by Pavlov (1927) in known as overshadowing.
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Interestingly, the opposite effect has also been found. Under certain conditions,
presenting a stimulus in compound with another stimulus can augment the response to
thefirst. This effect, known as potentiation, has been demonstrated, for example, inrats
with odor as the CS and poison as the US (Rusinak et a., 1979). Theratsin this study
developed only aweak aversion to a novel amond scent. However, if the almond scent
was paired with a novel saccharin taste, the rats developed a much stronger aversion to
the almond scent. But potentiation is not limited to stimuli from strongly related
modalities. Potentiation of visual stimuli by taste stimuli aso has been found (Best &
Meachum, 1986; Lett, 1984).

Flaherty (1985) has suggested that potentiation may depend on the sequential
presentation of two conditioned stimuli, with the potentiated stimulus (e.g., theodor cue)
preceding the more easily conditioned stimulus (e.g., the taste cue). Thus, potentiation
may occur when one cue (e.g., thetaste) mediates the association between the second cue
(e.g., the odor) and the unconditioned stimulus.

The critical aspects of potentiation appear to be (1) that the potentiated
conditioned stimulusis not easily associated with the unconditioned stimulus (odor with
illnessin the absence of ataste cue), (2) that the potentiated stimulusis easily associated
with the other conditioned stimulus (odor with taste), and (3) that the other conditioned
stimulus is easily associated with the unconditioned stimulus (taste with illness).
Although the context appears to be quite different, the typical simultaneous
discrimination may provide areasonable mode of the conditions under which Pavlovian
potentiation is found (see Rescorla & Durlach, 1981, for a discussion of the role of
within-event learning in potentiation).

In the case of a simultaneous discrimination, the three critical aspects of
potentiation are produced not through inherent characteristics of the two conditioned
stimuli and the unconditioned stimulus but through the conditions of reinforcement and
nonreinforcement, and the temporal-spatial relations between the two conditioned
stimuli. First, becauseresponding to the S- is not reinforced, responding to the S- should
drop out quickly and the S is not likely to acquire very much conditioned inhibition.
However, on at least half of the trials, the pigeon is likely to have seen the S- before
responding to the S+ and obtaining reinforcement. Thus, the direct (trace) association
formed between the S- and the US is likely to be quite weak (Zentall et al., 1996).
Furthermore, Zentall et al., found that the association between the S- and reinforcement
may be mediated by the S+ intheform of higher-order conditioning. If the S- servesasa
signal for the presence of the S+, then the S- should be easily associated with the S+. If
higher-order conditioning is responsible for the S — US association, it satisfies the
second characteristic of conditioned stimuli predicted to result in potentiation - that is,
that the weaker CS (e.g., odor) should be easily associated with the stronger CS (e.g.,
taste). Support for theideathat the S+ may serveto mediate the association between the
S- and reinforcement comes from Rescorla (1982). In a series of experiments, Rescorla
found that relatively poor conditioning found using atrace conditioning procedurecould
befacilitated by inserting astimulusin theinterval between the CS+ and theUS. Inthis
case, theinserted stimulus served afunction similar to that of the S+ in asimultaneous
discrimination, tying together the instrumental S- (or the trace Pavlovian CS+) with the
reinforcer.

Finally, potentiation appears to depend on the easily formed association between
the potentiating stimulus and the unconditioned stimulus. Although thereis no special
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relation between the S+ and reinforcement, in atypical simultaneous discrimination all
responses to the S+ are followed by reinforcement and rapid learning to respond to the
S+ by pigeons suggests that the S+-reinforcer association is easily acquired. Thefact that
an S- associated with an S+ to which responses are continuously reinforced is preferred
over an S- associated with an S+ to which responses are partially reinforced suggeststhat
thestrength of the S+ - reinforcement association isimportant to thedegree of preference
for theS-.

Thus, taken as a whole, the previous discussion suggests that acquisition of
simultaneous discriminations appears to satisfy the conditions of Pavlovian potentiation
outlined. Thethreefactors proposed herethat contributeto Pavliovian potentiation easily
can be manipulated in the context of a simultaneous discrimination. For example, one
should be ableto manipul ate the association between the S- and thereinforcer by varying
the spatial distance (and thus thetemporal distance) betweenthe S+ andtheS-. Similarly,
the spatial distance between the S+ and S- should affect the strength of the association
between them. Finally, the schedule of reinforcement associated with the S+ should affect
the strength of association between the S+ and reinforcement. Thus, it should bepossible
to manipulate the degree of potentiation independently of the natural (preexperimental)
relations among the stimuli (e.g., odor and taste) or lack of relations among the stimuli
(e.g., visual and auditory stimuli).

Simultaneous Discriminations as a Model of Paviovian Overshadowing

It also may be possibleto model other Pavlovian phenomena using variations of
simultaneous discriminations. For example, if one reinforces responses to the choice of
ether discriminative stimulus would that result in an analog of overshadowing?
Overshadowing appears to occur when one of two conditioned stimuli presented in
compound is more easily associated with the unconditioned stimulus that istheother and
the conditioned stimuli are not easily associated with each other. What if pigeons are
presented with Sa+ together with Sh+? Under these conditions, all things being equal,
pigeons often devel op stimulus preferences. Assuming they do, one can hypothesizethat
theless preferred S+ (Sh) may be overshadowed by the more preferred S+ (Sa). Evidence
that this may represent a kind of overshadowing would come from a yoked control
condition in which Sc+ would be presented alone as often as Sh+ was chosen and on test
trials the pigeons preferred Sc over Sh. Of course, it would be necessary to
counterbalance the stimuli used as Sb and Sc to ensure that preexperimental stimulus
preferences were not responsible for the test results.

The genera discussion presented here suggests that, the acquisition of
simultaneous discriminations can serve as reasonable modd of various conditioning
effectsincluding higher-order conditioning, within-event conditioning, postconditioning
devaluation effects, inhibitory conditioning, potentiation, and perhaps also
overshadowing. But the ability to model Pavlovian processes using simultaneous
discriminations is not just an academic exercise. By using arbitrary stimuli and
manipulating the reinforcement histories associated with each of the discriminative
stimuli, onemay be ableto identify the conditions under which each of these phenomena
will occur.

Theinteraction between Pavlovian and instrumental conditioning processeshas
long been acknowledged, to the degreethat they appear to bevery difficult to dissociate.
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The present research may add a new facet to that reationship. If simultaneous
discrimination learning can be used as means of modeling various Pavlovian processesit
may provide a useful tool to understand their underlying mechanisms.
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