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Walkenbach, John, M.A., 1970 Psychology

The Rolc of Sequenticl Variables in Succossive Contrast
Effects (71 pp.). ‘

Director: Habil F. Haddad /04?{7

Theoretical formulations of successive contrast
effects in instrumentel Jecarning heve generally been
limited to effects due to simple shifts in recward
magnitude, A recent rcinforcement  lcevel  theory
advanced by Capaldi purports to be copable of ‘dealing
with n2 much broader rangc of cxperimental manipulations

> thon previous theories.

One set of precdictions from this theory is that
shifts from shorter to longer N-lengths in
reinforcement schedules produce negative conbrast and
the opposite shift recsults in positive contrast. A
study which, on thz surface, appeeors to <confirm these
prcdictions was criticolly reviewed and found to be
deficient in scveral important respecls. The
experiment. was re-dcsigned such  that the sources of
confound in the originel study werce coliminated. Two
groups of rats were given scven trials per day, four of
which were rewarded, in 2 straight allcey. One group
was trained wusing an N-length of thrce, and the other
using an MN-length of once. After 20 days, one-half of
cach groups was snifted Lo the opposite H-langth for an
additionzl 20 desys, whilce Lhe remainder of the animals
continued as in the [irst phase for this period.
Finally, all four groups rcceived five days of
extinction (nonrewcrd) training. Therce was no evidcence
for either positive or negative contrast. In addition,
there were no group differcences during the axtinction
phase. The data were discussecd as posing problems for
the reinforcement 1level theory, bul supportive of an
"incentive averaging" opproach to conlrest coffaects,

ii
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Parce 1

The Role of Sequentinsl Variables in Succnssive

Contrast Effects

John Walkenbach

University of Montana

Abstiract

The present experiment was decsigned Lo investigate the
cffects of succcssivo’ stiifts in MN-length in o simple
instrumental (runway) task. A rcecent theory (Capaldi, Hote
1) predicts positive contrast cffects duce to 2 shift from @
longer to a shorter iH=length and negative contrast resulting
from the opposite shift. Two groups of rats were given
seven trials per day, four of which were rewarded, in o
straight alley. One group was trainecd using an H-length of
three, and the other using on N-Jength of onqo. After 20
days, onc-half of each group was'shiftod to the opposite
N-length for an additional 20 days, while the remainder of
the animals continued as in the first phasc for this period.
Finally, all four groups received five doys of extinction.
There was no evidence for either positive or negative
contrast. In addition, there were no group differences
during the c¢xtinction phas-. The daLa‘were discussed with
respect to theories Lhat attompt to predict the cbnditions

necessary for instrumcental contrast offects.
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The Kole of Sequential Variebles in Suceonsive

Contrast Effceets

John Walkenbach

University of Montonn

The litcrature on <c¢ontrast effects in  instrumental
conditioning has gencrally Decen limited to the effeects of
shifts in recward magnitude. Specificolly, subjects shifted
from a large to a small magnitude of rcward run slower than
subjecets maintaincd on the smell magnitude (c.g., Capaldi
and Lynch, 19067; Dilollo and Becz, 1906; Gonzalers,
Gleitman, and Bitterman, 1962). This phenomenon is tLeormed
the negative contrast coffect (NCE). A positive contrast
effect (PCE), on the other hand, is obscrved when subjects
shifted from a small to a large megnitude of roward run
faster than subjects which roceived the large mugnitudc
throughout. (e.g., Hellgren, 1972; Shanab and Biller,
1972).

On the basis of literaturc reviews, both Black (19063)
and Dunham (1968) concluded that the NCE is 2 relatively
robust phenomenon, whereas the PCE is clusive, and quite
likely artifactual., Many investigators have demenstrated on
NCE undcer a vericty of conditions, but failed to show a2 PCE
using =analogous procecdures (c.g., DBower, 14961; Dilollo,

1964). Recent evidence however tends to  disconfirm  these

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Pc]g(i ’ j

conclusions with respect to the PCE. It was originally
postulated by Bower (1361) that ceiling effects may beo
operative in many éituations in which the PCE fails to
appear. That is, it is quite likely that the subjects are
responding at their maximael 1level during preshift which
would prevent responding at a higher lcevel during postshift.
Several lines-of research, the goal of which was to decreasc
responding to below this upper limit, have <confirmed this
hypothesis (Logan 2nd Spanier, 1970; Mellgren, 1972;
Mellgren, Nation, Wrather, and Jobe, Note 2; Seybert  oand
Mellgren, 1972; Shaneb and Biller, 1972; Weinstock, 1971;
Wollach and Scres, 1971).

While pontrast effects have most often been
investigated using reward magnitude shifts, other tLechniqucs
have occasionally been employed. Until recently,
theoretical aqcounts of contrest effects have been sparce
and generally limited to the effects of shifts in rcward
magnitude. This is the primery reasson for the genercl lack
of reseerch concerned with methods other tLhan reward
magnitude shifts. A quantitative modcl recently advanced by
Capaldi (Hote 1) attompﬁs to deal with requisition,
extinction, and va&rious contrast dota on o trial-by-triel
predictive basis. According to this viecw, increments in
habit strength arc 2 function of reward expectancy. 1f an

animal rcceives a larger than expected reward, lerge
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increments in habit strenglh occur. Expcectancy is built up
over time and becomes increasingly stable os conditioning
progresscs, Inhibition,' a process antagonistic to habit,
occurs when reward magnitude is less than the level of
expectancy. This reinforeccement-level vicw, in conjunction
with the scquentizl thecory of Capaldi (1967) promises a ncw
predictive power beyond that of most competing thecories.

For. example, reinforcement-level thecory predicts
scveral other means of 'producing contrast coffects in
eddition to procecdures using shifts in rceward muagnitude.
According to the model, shifts in percentage of rcinforced
trisls should produce both positive and negotive contrast
effects. 'The scent literature in this @rea tends to support
this prediction (Leung and Jensen, 1968). Another
technique, based on scgential reasoning (Capeldi, 1957) will
be considered in detail.

N-length is defincd as the number of nonreinforceced (N)
trials which preccde 2 reinforced (R) Lrial in & schodule of
reinforcement. An N-R transition refcers to an R trial which
follows onc¢  or more 1 trials. It is on these H-R
transitions that conditioning is said to occur. An N-length
produces an internal stimulus to which running becomces
conditioned on an N-R transition. For cxample, the schedule
RHNR contains an N-length of two, and produces Lhe stimulus

S(N2). On the final trial running is conditioned to S(N2)
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via a reinforcement mechonisa,

The reinforcement-level theory (Capaldi, Note 1)
predicts contrast cffects a5 a result of shifts in N-length
while maintaining & constant rcward magnitude and percontage
of reward. The reasoning bchind these predictions will be
discussed in detail below. To datc, only onc study (Fox,
1972) has been reported in which this manipulation Qas made.
As predicted by the model, both an NCE and a PCE were
obtained. There are some mcihodological problems with Lhis
study however, and the primary purpose of the present
investigation was to assess the effects of N-length shifts
using an unconfounded design.

The Fox (1972) study rcferred to above employed four
groups of rats designated 1-1, 3-3, 1-3, osnd 3-1. Each
group name indicstes the N-length in pre¢- and postshift
respectively. For c¢xample, Group 3-1 was originally trained
under the schecdule NNHRNHNR (N-length of thuree) and then
shiftcd to the schedule HNRNR (n-length of one). As
indicated above, this study resulted in bolh o strong PCE
and a strong NCE. Positive contrast was found in Group 3-1
with respect to Group 1-1; nugstive contrast was evident in
Group 1-3 relative to Group 2-3.

Capaldi (MNote 1) cited this investigation as supporting
his rcinforcement-level theory. The reasoning bchind Lhese

predictions is as follows. At the beginning of postshift,
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the stimulus S(N1) lhas ccquired o stable expectancy of
nonrcward in  Group 3-1. During postshift, S(N1) will
acquirc large increments in habit strength when running is
reinforced in its prescnce. Therefore, the theory predicts
a PCE in Group 3-1 with respeet to Group 1-1. The NCE is
predicted in 2 similar manner, During preshift in Group
1-3, S(N1) acquires a lorge cxpectancy of rcward which
generalizes to S(N2) and S(N3) Lo some cxtent. During the
postshift phase, S(N1) and S(H2) acquire inhibition and
habit growth to S(N3) is somewhot roetarded. Theretore &
decrement. in rcecsponse strength should appear in Group 1-3
relative to Group 3-3.

Bascd on the briet description of the Fox (1972) study

L

given above, it ’mny be  noticed ther  aithough reward
magnitude was constant throughout, pecrcenteye of reinforced
trials was shifted along' with N-length. That 1is, the
schedule for N-length of one was comprised of 0% reinforced
trials while that for [H-length of threc had only 29%
‘reintorced trials. Since shifts in percentrge of reinforced
trials have been shown to producce contrast eftects (Leung
and Jensoen, 1908), this is & serious source of  contounding.
A related issuc concoerns the number of Lrinls given daily.
As outlined above, the N-length of one condition consisted
of four alternating N and R trials per day, whereas the

N-length of three condition was composed of cight daily
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trials, two of which were rewarded., lhié particular mothod
doecs have one advantepe, numely providing an equal number of
N-R transitions in both «conditions. AL asymplotic habit
strength however, the number of N-R Lruansitions Dbecouncs
irrelevent  (Copaoldi,  19006). In Lhis lighl, Loe tbsolulce
number of trials given becomes an important issuc. For
example, Group 1-3 can be vicwed as becing shifted from four
to eight trials per day, & manipulation which may in itself
(through perhaps some type of expectancy learning) be
responsible for the observed response decrement. Similarly,
Group 3-1 was shifted from ecight to four daily trials, again
the cffeects of which are not immecdiatcly apparent. Although
no specific compirical date concerning shifts in the number
of trials h:/e becn rcported, there is somc wcvidence (Davis,
Memmott, and Hurwitz, 19¢5) that animals arc capable of
"keeping tfack" of the number of experimental events which
have occurred and adjusting their behavior accordingly.
AnoLher problem with the Fox study is tho possibility
of the occurance of patterned responding. That is, the same
sequence of N and R triels werc given daily, always
beginning with an N trial. That rats quickly learn to
pattern rcecsponding, espcciaolly in a2 singlc alternation
schedule (the N-lcngth of on¢ condition) is well known
(e.g., Katz, Woods, and Carrither, 1906). In particulasr,

Capaldi and tanley (1963) found sipnificantly morec
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patterning of responses using an intertrial interval of 15
sec, the parameter wused by Fox (1972). Indeed, Fox noted
that all rats ran appreciably slower on the first daily
trial (alwoys N), and consequently thesce daota were excluded
from ;ho data analyses. In this context, another aspect of
this rescarch takes on major importance, namely that Fox's
data analyscs werc basced only on the R trioals. Capaldi's
(Note 1) reinforcement.-level modecl does not include
patterning effects and hence all empirical support for the
model must bc based on all the trimls; not just those which
may be subject to differential responding via pattcrning.

Still another problem with the Fox (1972) investigation
concerns delay of reward. During preshift all
reinforcements were given immediately upon centry into the
goal box. During postshift however, all rcwards were
delayed 20 sec. This is a serious source of confound since
shifts from immediste to delayed reward and knoun to produce
contrast effects (Shanab and McCuiston, 1970).

Capalai's (Note 1) model also makes predictions
regerding extinction following the postshift phase. The
model predicts Group 3-1 Lo be most resistant to cextinction
becausc this groups will possess ocxeess hobit strength
following the shift to H-1lcngth of one. Due to the
differential amount of training rcceived by cach of his four

groups, Fox could not include an extinction phase in his

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Pape 9

study.

It should be noted that Lhe original purposc of the Fox
investigation was nol concerned with contrast phcnomena. It
is in this light thet the forementioned criticisms wmust be
viewed. For examplc, some of the mcthodological problems
are no longer valid in the context of the original intent of
the study. But before these data arc widely accepted as
supporting Capaldi's reinforcement-level theory, clearly a
replication must be undertaken.

The present investigation was designed such that both
the N-length of one and thc N-length of three conditions had
an equal number of trials, while at the samec time
maintaining an equal percentage of R trials. In addition, a
20 scc dcley of reward was used in both the pre- and
postshift phases for all groups to hold down running speeds
which may obscure the observaction of a PCE. Finally, an
extinétion phase was given following postshift training.

Mcthod

Subjects. The subjccts werc N0 naive male olbino rats,
90-100 days o0ld at the start of the cxperiment, purchasecd
from the Holtzman Co., Madison, WI. They were housed
individually with watcr continuously available in the home
cages. Throughout the experiment the c¢olony room was
maintained under conditions of 24 hr light.

Apparatus. The conditioning apparatus consisted of a
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straight allcy (145 X 10 X 14 cm high) constructed of clear
Plexiglas with a grid floor. Cardboard strips, painted flat
gray, were mounted on all sides. The alley consisted of
three sections: a start box 238 eom long; a run scction 838
cm  long; and a goal box 30 cm 1long. The runway was
equipped with photocell and <clock circuitry (Hunter Mfg.
Co:) accurate to .01 sce. Raising the start box door
operated z photorclay and started the first of three clocks.
When the subject broke the {irst photobecom 19.5 cm into the
run section, thec first clock stopped (start time) and the
second began. Breaking anothcr photobeam 69 cm into the run
section stopped the second clock (run time) and initiated
the third, which was Stoppcd when the last photobeam 12 cm
into the goal box wus interruptcd (poal time). When o the
final photobeam was Dbroken a guillotine door was manualiy
lowered to prevent retracing. Timing circuitry was
activated for wuse in timing the delay of reward (see
Procedure). At the end of the goal box and roccssed 4 cm
was a Plexiglss food cup which could be either concealecd or
exposed by mcecans of another -opaque guillotine door.
Individual times for sll three sections, in addition to
total traversal time (the sum of all three times) werc
recorded on cach triel. Fracltionated and Lotal times vcre
converted to reciprocals (1/scc) wnd all results are

reported in terms of this specd measurc. Lighting
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conditions in the experimental room consisted of o single
100-Watt bulb suspended 60 cem above the center of Lhe
runway, providing & dim, rclativciy even illumination
throughout the apparatus. -

Procedure. A 12 gm food deprivation schedule (Purine
Rat Chow) was ecstablished ten dsys before the training began
and was maintaincd throughout Lhe experiment with
ad justments made for food consumed in the gozl box. During
the initiel dcprivetion period, the subjects were handled
daily before receiving their food ration.

A pretraining and hebituution pcriod followed
immediately and 1lasted for thrcee days. This consisted of
five reinforced triols with the times recorded, but not uscd
in the analyses. One triacl waes given on the first day, and
two on each of the remaining two days.

Preshift Phase. Initially, thc subjccts were randomly
dividced into Lwo groups of 20 subjeccels cach, designated N1
and N3. During tnis phesc ¢cch subjecet received 20 days of
sceven Lrials per day reinforecd (where uppropridtc) vith
threc pellcts of Purina Hog Starter (approximeately 90 mg
each). Throughout Lhe expoeriment 011 reinforccements were
available following o 20 sec delay upon centry into the goal
box. This delay was imposed to counteract any ceiling
effects (Bowecr, 1961) on running specd which may conceal

positive contrast effeocts. The two groups differed only
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with respect to the N-lenpgth of the partial reinforcement
schedule to which Lthey were trained. That is, pcrecentage
and magnitude of reward were the same for both groups. The
schedules, wanich were repceted every scven days, are
provided in Table 1.

- G = v - ——— e W

Inscrt Table 1 about here
On each trial the subjcct was placed in the start  box
facing the start box door. After 2 scc of orientation
toward the door, the door was manually reoised and  tLhe
subject was 2llowed to traverse the runway and enter the
goal box, whercupon Lhe goal box door wns Jowcred. On R
trials the subjcecct waos removed from the goal box ond
returned to the holding box after the pellcts were consumed.
On N trials the subjects were removed after 35 sec (i.e.,
the 20 sec delay period + 15 sec). Subjects were run in
squads of four animals ecach, with cach squad consisting of
two animals from ecch group. FEKach subjcet rececived trial 1
before the first received trial 2 and so on, defining an

intcrtriecl interval of epproximately 5 min,
Postshift Phase. Following tne 20 days of preshift
training, the two groups were subdivided into two more,
creating four groups of ten rats each., Division of the two

originzl groups was boasad on a4 matching process using the
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last four days of preshift such that terwminal  preshift
vspeeds were equivalent for the subgroups. These four groups
were designated N1-N1, N1-N3, N3-N3, and N3-N1, rcpresenting
the N-length in prec- and postshift respectively. The same
schedules a&s in the preshift phase were wused, maintaining
the same rotation. Groups N1-N3 and H3-N1 were shifted to
the opposite set of schedules , and Groups N1-N1 and N3-N3
remaincd on the same set as in preshift. During the
postshift phase coch squad consisted of onec subject from
each group. Training continued ns in the first phasc for 20
days.‘

Extinction. Following postshift training, an
extinction phasc was immediately imposcd. During this phase
the subjects recoived scven N trials per day for five dﬁys.
Timing criteriaz were as follows: a maximum of 60 sec were
allowed in any onc section of the runway, whercupon the
animal was removcd and placed in the goal box for the
standsrd 35 sec period. For c¢xample, if the subject did not
leave the start box in 60 scc, it was removed to the goal
box and assigned & time of 60 sec for cach section (180 sec
total).

Results

Preshift Phasc. At the end of the preshifi phase, the

two groups (H1 and H3) were performing at the same

asymptotic lcvel, as may be scen in the left framc of Figure
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1. This wes confirmed by & L-test on Lhe last dity of Phasce
1 (Day 20). The daily datez point for cach subject consistced
of the average of all seven trials. Since all four specd
measures yielded e¢ssentially the same information, only the
total speeds ere graphed. For start, run, goal, and total,
the t's were: .00609, .5535, .0025, .6376 (df = 3¢, p's >
.10).

The data were &lso analyzed using only the, R tridls
following one or more N trinl. For the N1 condition the
daily data point consisted of the aversge of the three R
trials following an N triol. For the N3 condition, the data
point was simply the R trial following the three N triols.
Again, L-tests revcaled no significant differcnces in any of
the measures on Day 20 (L's = 1125, .0875, L0433, .70h4;
df = 38; p's > .10). The left frame of Figure 2 depicts
the total speeds during Phase 1 based on the R trials

following one or more N trials.

Postshifi Ph&ase, Ho evidence for e«¢ither positive or
negative contrast was found in any of Lhe four measurces
using cither the average of all seven trials or the R trials
on the N-R transitions. Four separate 4 (groups) X 20

(days) repcated measurcs analyses of variance were performed
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for the start, run, goal,

are several possible

diffcrences which may account for the

A prime possibility concerns

the present study,

explanations

delayed reoward was

1

Pape

and total speeds. The analyses

revealed nonsignificant main effects for groups wusing the
average (F's =.032, .048, .330, .091; df = 3,36; p's >
‘.10) and the N-R transitions (F's = .036, .050, .2y1, .101;
df = 3,35; p's > .10). The right frames of Figures 1 and 2
depict the mean totai spceds for the four groups during
postshift using both methods of data reduction.

Extinction. In this final phase, all four groups
extinguished at the samc rate. Four 4 (groups) X 5 (days)
repeated measurces analyses of variance rovealed no
significant main c¢ffects for groups in any of the four
measures (F's = .102, .213, .143, .045; df = 3,36; p's >
.10). The averagc running speeds for the Lotal measure
during extinction are shown in Figure 3.

Insert Figure 3 about here
Discussion

Since therc was no hint of c¢ither a PCE or an NCE
during the sccond phase, the outeome of the prcesent
experiment contrasts shorply with that of Fox (1372). Therc

bescd on  procedural

discrepant findings.

the use of dclay of reward. In

usaed throughout the
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study, whercas in the Fox investigation, » deloy wes imposed
only during the second phasc. It is quite possible that his
outcome was the roesult of an interaction betwecen delay of
reward shift and shift in N-length.

Another possibility invelves the simultonecus shift  in
the numbcr of daily ¢trials as well as the shift in
percentage of reinforced trials Fox wused. Both of these
variables were held constent ~during both phsses in the
present experiment.,

Since the null hypothesis of no differecnces between the
groups was not rejected, o note on the power (i.c., the
probability of rejecting the null hypothesis, given that it
is false) of the tcecst is in order. Due to the difficulty of
calculating power when the F valucs are less than onc (e.f.,
Kirk, 1968) an a2ltcrnative approach was taken. Mean square
error terms obtained in the present  cxperiment comparc
favorably with those obtoined in similar studies from our
laborastory. Thus, it oppears there is no. serious problems
regarding Lhe power of the test.

The outcome of this.study appeiars to precsent  problems
for Capaldi's (Notn~ 1) reinforcement-level theory, since it
cleerly predicts o PCE in Group M2-N1 and an HCE 1in Group
N1-H3 usinpg the prescnt procedures. These data however are
consistent with an "incentive avereging® approach  advocated

by McHose and Peters (1975). This view de-ecmphasiscs
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scquential variables and  insbcead  centers  on averaging,
various sources of incentive. Accordingly, the N1 and N3
conditions would be vicwed as ecquivalent with respect to
incentive, and no contrast c¢ffeects would be cxpeated.
Perhaps the most surprising aspcct of these data is the
lack of an N-length c¢xtinction cffcct. That is, it is
generally found (e.g., Capaldi, 1967) that subjects exposed
to longer N-lengths &are more persistent in Lhe face of
nonreward. This «clearly was not found in the present
experiment. All four groups extinguished e«qually fast.
These results can be explained most readily by 3
discrimination explanetion (e.g., Mowrer znd Jones, 1945),
That is, after 40 days of rcecinforcement (albeit partial
reinforcement) the first day with continuous nonrceward is
easily discriminable and responding rapidly ccuscs. The
assumption here 1is that this discriminnbility is equally

salient for &1l four groups.
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Table 1
Schedules of Partizl Reward (by duys) for Conditions
N1 (top) ond N3 (bottom)
Days Trizls
1 2 3 U 5 6
7
1 5 9 13 17 R N R N R N R
2 6 10 14 18 H R R N R N R
3 7 11 15 19 R N R N R N R
y 3 12 16 20 H R N R R N R
1 5 9 13 17 R R N N N R R
2 6 10 14 18 R N N H R R R
3 (N I N RS T B W N N R R R R
4 5 12 16 20 R R R N N M R
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Fipurce Captions

1. Mean total running specds ‘or preshift (left frame) ond
postshift (right frame) in two day blocks based on the
average of all seven daily trials,

2. Mean total running specds for preshift (left frame) and
postshift (fight frame) in two day blocks based on the
R trials on N-R transitions.

3. Mcan total speeds for the five desys of extinction based
on the average of all scven daily trials.
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Contrast Effects Involving Procedures Other Than Appetitive

Reward Magnitude Shifts: A Revicew of the Literature

John Walkenbach
University 5f Montana

Since the publication of the cerly incentive shift
studies. by Crespi (1942) and Zeowman (1349) reporting
contrast c¢ffects, papers have appeared with increasing
frequency in an attempt to dclincate the criticel factors
involved in these phenomena. Contrast cffectls can be of two
types. A ncgative contrast effect (NCE) is characterized by
a decrement in Some performance meaSure due to past
experience with a more favorable condition of reinforcement.
The analogous increment in performence attributable to prior
exposure to a 1less favorable reinforcement condition is
termed a positive contrast coffect (PCE).

Experimental paradigms investigating contrast effccts
can be conviently grouped into three categories (e.f.,
Mackintosh, 1974). Transient contrast coffeccts arec, as the
name implies, relatively short-lived fnecilitations or
decrements in reasponding dus to Lhe immedintely  proceeding
conditions of reinforcement., Transienl offects often teoke
the form of 2 slight overshooting or rebound to a response
level obove or below normal. The most obvious example is

induction as seen in classics)l conditioning (Pavlov, 1927,
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p. 188).

A second claossification is simultancous contrast, which
has representative examples in both the operant and discrete
trial literaturc. fn the operant casc, in which the
phenomene &arc often termed behavioral contrast, iderntical
reinforcement conditions arce initieclly arranged in a
multiple schedule, Reinforcement in onc component of the
schedule is made cither more or less dense. Contrasted
responding generally ensues (sec review by Rachlin, 1973).
In the discrete trial simultancous contrast paradigm,
subjects wusually receive training in two discriminably
different runways, cach consistently associated with a
different reinforcement condition. Contrast cffects are
shown when differcential responding in onc apparatus occurs
as a result of expericence with the other,

In the third cotegory, successive contrast, subjects
receive consistent experience with one condilion of
reinforcement before being shifled to a different condition,
still in the same apparalus. As will become ¢pparceni, this
paradigm allows for thne investigation of meny variants of
vthe basic proecedure. Behavioral and simultaneous contrast
arc believed to have a common basis (c.p., Padilla, 1971),
but successive contrast appears to involve a different
process (e.g., Mackintosh and Lord, 1973). In order to

limit its scope, the remainder of tthis paper will be
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concerned primarily with successive contrast cffeets, bul
will include some representative examples from the
simultanceous litcrature os well. Unless otherwise noted,
all cited 1literature is concerned with successive contrast
effects using albino rats in o straight alley, with running
speed as the dependent variablce cf intercst.

In order to unaﬁbiguously demonstrate a successive
contrast effect, the genaral procedure is to invoke a shift
in reinforcement conditions (cither positive or negative)
after &an ample emount of experience with the preshift
conditions, and comparo postshift performance with a control
group given the postshift reinforcement conditions from the
beginning. The "shift in rcinforccment conditions"™ can
refer to any of & number of different manipulntions. While
magnitude of reinforccment has been most commonly wuscd,
procedures wusing shifts in variables such as delay of
reward, punishment, schedules of partial reinforcement,
percentage of reward, quality of reward, ctc., have also
been reported. The present revicw is  intended to  examine
the date on contrast coffects using procedurcs other than
appetitive reward magnitude shifts. For & review of reward
magnitude shift studies sece RBlack (1963), Dunhom (19068), and
Cox (197%5),

Delay of Reward.

t is well known (e.g., Logan, 1960) that introducing 2
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delay Dbefore the delivery of the reward hos adverse offeocts

on instrumental responding. Delay of reward is widely
treated &s an  incentive variable (Renner, 1904), and

therefore would be expected to play o role in the study of
incentive contrast coffects. In the successive contrast
literaturc, delay wes first used as a2 method to hold down
running speed to avoid a "ceiling effect" (Pereboom, 1957;
Bower, 1961) which may bc responsible for the failure to
find a PCE in some situations. That is, it is quite likely
that subjects arc responding at their maximal.level at the
end of preshift training which would prevent responding at a
higher 1level during the postshift phsse. With the
introduction of a’dclay of reinforcemcnt, responding will be
reduced to a sub-maximal level and positive contrast cffccts
will be free to appear. This ceiling cffect hypothesis has
beecn supported by the use of delay of reward (Mellgren,
1972) and other response limiting procedures (e.g., Seybert
and Mellgren, 1972; Shanzb, Sanders, and Premack, 19569;
Weinstock, 1971; Hellgren, Hation, Wrather, and Jobe, Hote
1; Wallach and Seres, 1971).

There is however o fair cmount of evidence apainst  the

cciling coffcet. hypolhesis. A recent rceport by Moore and
McHose (1975%) found Lhat incorporating e delay of

reinforcement with o decrcase in reward magnitude nlso

enhances the WCE, &n outcome not readily derivable from the
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ceiling explanation. In addition, thec common finding of a
partial reinforcement acquisition offect (c.f., Robbins,
1970) tends to discredit this hypothesis since the "ceiling™
of the continuous reinforcement group is usymptoticully
excceded by the partisl rcinforcement group. The ceiling
explanation is probably a misnomer and it 1is 1likely thet
delay of reward has interactive effects with reward
magnitude shifts beyond that of simply holding down running
speeds. Consistent with this notion 1is the recent
reinforcement level theory advanced by Capnldi (Hote 2).
The exact function of dclay of reward is still a major issuc
and far from being resolved. Research involving shifts 1in
delay are beginning to get zt this problem more clearly.,

Hull (1943) intcrpreted the effecects of delay of
reinforcement as analogous to reduction 1in the size of
reward. Both werce¢ seen as producing & reduction in
motivation. In light of this analysis, it is not surprising
to expect contrast effects due only to shifts 1in delay.
That is, a shift from & short to & longcr delay may bce
expected to produce an NCE, whereas a PCE may result from a
long to a shorter delay shift. There are 2 fair amount of
data concernced with shifts in deloy, and the follouing is o
summary of the findings.

Shanab and McCuiston (1970) used » three phase design

to @assess the relative contributions of delay and reward
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magn itude Lo contrast offeets.  Phase 1 consisted of o 3
(dclay of 0, 15, or 30 sec) X 2 (1 or 12 pellets) factorial
arrangement producing six groups. In Phasc ?,' all groups
received 12 pellets with the same delecy as in Phase 1.0 In
Phase 3, again 12 pellets wecre given to 211 groups, but this
time with & constent 15 scc delay of reward. For purposcs
of the present discussion, Phase 3 data oarc of primary
interest, since delay was shifted while reward magnitude was
held constant.. An HCE was found in Lhe group shifteq from O
to 15 sec dclay in both the 1 and 12 pellet conditions. No
PCE was obtained. Thesc results suggest that o shift  in
delay produces an NCE but no PCE.

This finding is supported by McHose and Tauber (1972)
who also manipulatcd pre- and postshift delay of reward.
Subjects shifted from 10 to 30 sec declay (with reward
magnitude held constant) exhibitnd &an  NCE relative to a
group which received the 30 sec delay throughout. No PCE
was shown in any group shiftced from 30 sec to 10 sec delay.

"In a reloted study, Shanab (1571) shifted subjects from
a partial delay (i.e., delayad on somc, but not all trials)
to a continuous delay and from immediete reinforcement to
continuous declay. An  HCE wrs found only in the latter
group, suggesting bthat  some  exposure vith  Lhe  postshiflt
dclay conditions may be sufficient to prevent tLhe occurance

of an NCE.
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Ahile 211 of Lhe forcmentioned investigations have
rcached more or 1lcss the sawme conclusions, this has not
always been the case. Shanab, Rouse, and Cavallero (1973)

. failed to find any evidence for either an WNCE or & PCE using
shifts from O sec to 30 sec delay and vice versa, with
reward magnitude held constant at either 1 or 22 pellets.

Similarly, McCain, Boodee, and Lobb (1977) wusing s
multiple shift procedure failed to find contrast using delay
parameters of 10 and 30 sec. This finding is at odds with a
previous report from the samc laboratory (lMcCain, Lobb,
Almand, and Leck, 1970) which did obtain an HCE with a dolay
shift from 10 to 30 sec.

Shanab-and Biller (1972) failed to find a PCE as s
result of o simplce upshift in reward magnitude or a simple
decrease in the delay interval. A PCE was found however
using 2 shift from smaLl to large reward magnitude only}when
it was accompanied by a shift in declay from 30 sec to 15
sec, In the same study an NCE was rcportecd dun only to o
shift in declay from 30 to 10 scc.

To date, therc hus been only one study which reported a
PCE resulting only from & shift in  delsy. Sgro oand
Weinstock (1963) found » PCE in a4 shift from 30 sce to 0 scc
delay. A major difference in this study however was the use
of water reinforcement. It has been  found (Logan, 1960)

that water reward 1leads to a lower asymptotic running
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speeds, proecisely the condition in which PCE's are generally
found.

In the simultancous controst literature, Beery (19068)
obtained an NCE using & differential conditioning paradigm.
It was found that speed of running to S(1) signelling a» 10
sec deley of reinforcement wes an inverse function of the
delay length concurrently in cffect in S5(2). Similar
results havc been reported by Chechile and Fowler (1973) and
by Sgro, Glotfelty, =and Podlesni (1909). In & study
directly comparing simultancous ond successive contrast
produced by delay, Mackintosh and Lord (1973) found an NCE
using thc simultancous proccdure but not in the successive
paradigm. Thc lack of an NCE in the latter casc involved =2
shift from O to 15 sec. This finding is st odds with the
Shanab and McCuiston (1970) study which used the same deleay
parameters.

The results of studies which employed shifts in delay
while holding reward magnitude constant appcar to be
somewhat ceonsistent, but the meny failures to replicate
suggest that thesoe  phenomens ore not overly robust. When
the length of the dceclay intervsl preccceding reinforcement is
incrcesed, negative contrest cffects are observed. When the
delay intervel is decreased, positive contrast offects do
not appear, except possibly in Lthe case of . water

reinforcement. It may be noted that the delay intervels
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used in the forementijoned investipgations were of o rather
limited range (0 to 30 sec). Perhaps the use .of longer
delays may be illuminating, particularly wilth respect to the
PCE.

Aversive Conditioning.

Since Lhere oare both functlional and theooretijcal
precedents for trcating punishment and reward as symmetrical
opposites, it is nol surprising that shifts in punishment
level may be coxpected to produce contrast e¢ffects. In the
runway, there are three possible techniques for studying the
effects of punishment shifts with respeect to contrast
effects.

The first of thesec is c¢scape conditioning. In this
paradigm the c¢ntire runway, with the exception of the goal
box is electrified._ The running responsc is reinforced by
shock offsct upon reaching the goal box. Only one
cxperiment provides data using this procedure. Nation,
Wrather, and Mellgren (1978) initinslly traincd three groups
of rats to escapc either .2, .4, or .% mh shock. All groups
were then shifted to .4 mA shock cscape. Results of the
study indicate.a rcliable PCF in Group .2-.4 as well as @
significant NCE in Group .E&-.4.

An earlier study by Bower, Fowlar, and Trapold (1959)
exemplifies another technique for studying contrast effccts

with aversive conditioning. In this study reinforcement
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consisted of shock reduction rather than shock cscapé. Two
levels of shock reduction werr employed: o 200 V  reduction
from runway to goal box (huigh incentive) and & 50V
reduction (low incentive). After an initial period of
training, each group was shifted Lo the opposite condition.
No evidence for cither a PCE or an NCE was found. There is
a serious source of confound in this study however, as
pointed out by Nation el al (1974). Since the subjects were
removed from the apparatus following e¢ach trial, thc shock
level was  in effect roeduced to  zero. Sub jects were
experiencing repcated shifts in reinforcement magnitude, a
technique in which the observation of contrast c¢ffects may
be obscured 1in the appetitive case (see Capaldi and Lynch,
1967).

A similar study by Howe (1961) which wused the same
shock reduction parameters and obtaincd the same results as
Bower et z1 (1959) is also subjecct to this seme criticism.
In addition, the 1lack of control groups mokes this sludy
particularly ambiguous.

A third technique involves shock in the goal box  just
prior to the subject's consumption of food rcward. In an
unpublished Doctoral dissertation, Hation (Note 3) shifted
subjects from .1, .4, or .& mA gozl box shock to ./ mA shock
in Phase 2 with food revard magnitude held constant

throughout. His results indicate an NCE in Group .1-.4, but
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no PCE in Group .6-.10,

Another method of producing aversive conditioning has
been used in A sories of studies by Woods. Escape
conditioning using @ runway filled with cold water with
warmer water in the goal section is conceptually analogous
to shock reduction. Using two lcvels of c¢old reduction
(25°C to 27°C, or 25°C to U41°C) Woods (1967) rcported
negative contrast but no positive contrast. The NCE was
later replicated by Woods (1973) using shifts from 15°C to
19°C and 15° to 39°C. These studiecs also must boe  viewed
with caution for thc same reasons as discussed above.
Folllowing each trial, the animals were removed from the
water, thereby making it a repeated shift in reinforccoment
level (i.e., from cold water to warmer water to no water).
Perhaps E2 better desinan would involve escaping from
different temperaturcs of water, analogous to the Nation et
al (1974) design.

Still another attcmpt to show contrast effects with
aversive conditioning wss reportcd by Olson and Elder (1973)
using & shock-avoidance parzdigm. Subjccts were trained to
avoid shock of cither .4 mpd or 1.2 mh and were then switched
to the opposite level. No roliablé contrast effects werc
obtained in the dependent measure, anticipatory rersponses.

Finally, McAllister, McAllister, Brooks, and Goldman

(1972) wused still a different procedure. Subjects werec
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first given classical fear-conditioning trinls in one side
of a two-way shuttle box. They were then allowed to jump a
hurdle to the other side oand escape the fear-cliciting
stimuli. Reinforcement magnitude (defined in terms of feor
bfeduction) during the hurdle jumping phosce was either Jarge
or small throughout (the control groups) or it was increased
for one group while it was decreascd for the other.
Although there was no evidence of positive contrast, there
was a clear demonstration of an HNCE.

In summary, very few_data exist which contribute to
contrast effects 1in aversive conditioning. The study by
Nation et al (1974) shows both 2 PCE and an NCE with escape
conditioning. The othcr two similar studics which failed to
find contrest effects aore ambiguous due to the problems
discussed above. Nation (Note 3) found an NCE buf no PCE in
a punishment shift study. The aversive water studies by
Woods (1967; 1973) are also difficult to interpret becausc
of methodological problems. Simply not enough dats are
available to draw any conclusion regarding aversive or fear
conditioning. Based on this limited c¢videnee, it would
appear that e¢scape conditioning is analogous to appetitive
conditioning in that both a NCE and an PCE arc¢ obtainablc,
with the former being more robust than the latter. This
does not secem to be the cese however when punishment

preceeding appetitive rcinforcement is used.
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Shifts in the Percentapge of Rewarded Trials.

Contrast effects have been investipated using shifts in
percentage of rowarded trials from a number of different
perspactives. Onec linec of investigztion (Mcllose o@nd Peters,
1975) has approached this from an “"incentive averaging"
viewpoiht in which the subjects are prcsumed to average the
incentive value of reinforcement over a number of trials.
Preliminary.evidence for this approach was given in McHose
and Peters (1975, Expt. 5). Four groups wcre arrangecd, only
two of which are relevent to the present discussion. A
group was shifted from 75% rewarded trials to 25% rewarded
trials with rcward magnitude held constent at 15 pellets.
An NCE was demonstrated rclative to @ group which received
the 25% condition throughout. It should be noted that the
schedules of partial reward were counterbclanced across
days, and therefore scquentinl cffects (Capaldi, 1967) were
not experimentally controlled for in this cuperiment.

In another percentage shift study, Leung and Jensen
(1968) shifted subjects from partial to continuous reward
(P-C) and vice versa (C-P). 1In the P conditions, scveral
values of percentage of rcinforcement ware used. Reward
magnitudc was constant weross oll conditions. In oaddition,
a group was run which rececived continuous reinforcement
throughout (C-C). An unusually large number (30) of masscd

(15 sec intertrial intcrval) daily trials werc given in this
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study, o proccdurc inconsistoent with most of  the contrast
effects literature. All of the P-C groups. with the
exception of the 0% group (i.e«., no reward during preshift)
ran faster then the C-C group during postshift, thercby
demonstrating PCE's. In the C-P groups, reduction in specd
during the second phase was observed only in the groups
which received 0% or 16% rewarded trials during postshift.
These findings are unusual since a reliable PCE was found in
the ubsence of an NCE. It is important to notc howaver that.
the proper control groups for ithe C-P menipulation were not
run, and the failures to note HNCE's were basced only on
intergroup comparisons. This is n scrious shortcoming given
the relatively wunusual trezcining proccdures. Again, the
partial reward schedules werc arranged basced on o random
procedure.

A relatced methodological aspect mauy be considered &t
this point. It 1is <clecar that shifts in percentage of
reinforced trials my be accomplished in two ways. The first
of these 15 to hold the number of trials constant and very
the number of reinforcad trials. The otaer is to very the
number of triasls while mnintainihg a constant number of
reinforced triels. The behavioral coffects of cach of these
procedures is by no mcens clear. This will become apparent
when the data reported by Fox (1972) are considerd.

Fox (1972) employcd shifts from one value of partial
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reinforceement. to  another . with repard {o  pereentage of
reinforced triels. Unlike the Leung ond Jensen (1963)
procedure; Fox's shifts were accomplished by vaerying the
number of trials in pre- and postshift, while keeping the
number of rewarded trials constant. In addition, tLhe shift
was accompanied by & shift from immediate reinforcement to
20 sec delayed >rcward in Phase 2. His data indicatec a
strong PCE as a result of a shift from 25% to 50% reinforced
trials and 2n equally reliable NCE whcn the shift was in the
opposite direction. How much of this effect can 50
attributed to thc-change in the number of trials is unknown
since these controls were not included. This point, while
central to theoretical accounts of partial rcinforcement and
contrast effcets, has receivad no empirical attention. The
Fox (1972) data have been interpreted in a quite different
manner by Capaldi (Note 2), &nd will be discussed in this
context in a later section.

In a study employing multiple shifts, McCain, Lobb, and
Newberry (1976) vrecported an HCE in o shift from 75% to 25%
rcinforced trials, but only after the second shift. The
groups were designated L3LS and SL3L, where S roepresents 255
and L indicates 75% reinforeed trinls. No PCE was found in
the shifts .from S to L.. Onc rather surprising outcome of
this experiment was the finding that in Group LSLS running

speed actually increased following the first shift from 75%
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to 25%. The authors wcre wunable to give a phcoreticai
account of these findings.

Finally, Lehr (1974) reported & PCE in & percentage
shift study wusing » constant 20 seec delay to control for
ceiling effects. Four groups werec arrenged in a 2 X 2.
factorial design varying percentage (50f% or 100%) and reward
magnitude (1 or 8 pellets) in preshift. During the seccond
phase all subjects received 100% rewarded trials with 8
pellets. A PCE was found in the group shifted in percenteage
with constant .magnitude as well as in the group shifted in
magnitude with constant percentage. These findings were
rcplicated in a second cxperiment cmploying rats of both
sexes and 2 longer preshift period. |

The litcrature on shifts from continuous rcinforcement
to partial reinforcement is replete with conflicting
results. Mikulka, Lehr, and Pavlik (1967) noted 2 decrease
in speceds as a result of this shift, while Badia (1965)
observed an inecrcasc in spceds. To confuse the issuc  even
more, Rashotte, Adelman, and Dove (14972) failed to find any
significant cffect,

It would scem that much more research is needed to
uncloud several 1issues fundamentrsl to percentage shifts.
Certainly sequential effeccts deserve attention as well as
shifts in the number of trials as rcported by Fox (1972).

As it stands, nothing conclusive can be stated as to the
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status of percentage shifts with respeel, Lo contrast
effeets.

Schedule Effects.

Several investigations have implicated schedules of
partial reward as having an importent influence on contrast
effects (e.g., Mikulka, Lehr, and Pavlik, 1967; Bohmer and
Ison, HNote #4; Capaldi and Ziff, 19069), but these have all
incorporated reward magnitude shifts interaction effects,
and are thereforc not rclevent to the proesent Jdiscussion.
Shifts in partial reward schedules within the context of
percentage of reinforcement were discussed in the previous
section. One study (Fox, 1972) which found both a PCE and
an NCE resulting from percentagc shifts has bcen
reinterpretced by Capaldi (Hote 2) in & quite differont
coﬁtext. Capaldi views the contrast effccts 2s being due to
the scquential aspects of the schedules involved., The
schedules wused by Fox were NNNRMNNR (25%) and NRHR (50%).
Note that the first schedulce contains an N-length of three
(see Capaldi, 1667 for a definition of terms) and the latter
schedule an N-length of one. According to Capaldi's (Note

. 2) reinforcement level hypothesis, the contrast cffects
observed woere Lthe result of shifts in N-lenpgth, Thore is of
course no way to distincuish between the two altlernative
cxplanations based only on the Fox (1972) study, since

ercentage number of trials, and several other variables
H 1
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were confoundad,

A récent study by Walkenbauch (Hote 5) repeated the Fox
manipulations wusing a design in which H-length was shifted,
while both percentage and number of Lrials were held
constant. HNo evidence for either an NCE or a PCE was found.
Further'fesearch is necded Lo clarify this area.

Shifts in Quality of Reward.

It is clcar that changes in reward may be either
quantitative or qualitative, The former 1is generally
investigated, but the latter has received considerably 1less
afteniion in the contrast literature. For a revicw of the
interactive effects of qualily and quantity of reward, sco
Tayler (1977). The first study which investigeted shifts in
quality of reward was published by Elliott (1928). The

dependent varizbles were number of errors and time of

b

traversal in &a complex maze. In prcecvious research it was
found that rats prefer wet bran mash over sunflower seeds.
In o shift from mesh Lo sceds, a' decerement  in  performance
was noted in both measures relative Lo o control group which
reccived seeds'throughout. Zince both quality and quantity
were confoundead, little can  be concluded from this
investigation. The  study remazins Lo be of historical
intercst however since it predates what is pgenerally
believed to be the first incentive shift study (Crespi,

1942) by well over a decade.
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Since then, the prodominste substances uscd in
quality-shift studies have been sucrose and. saccharin
solutions. The obvious advantage is that concentrations con
be changed while holding quantity constant.

In onc of the first sucrose quality-shift studies,
Collier ond Marx (1959) employed a bar press task. 3Subjects
were first magazine trained with a sucrose concentration of
either 4%, 11.3%, or 32%. Then the threce groups were
trained to lever-press on o VI-1 min schedule for on  11.3%
solution. Positive and negative contrast effects wore
observed in the groups magezine trained to 4% and 32%,
respectively.

However, Dunhaom and Kilps (1969) point out that the
Collier ond Marx (1954) data were the result of confounded
weight differences 1in preshift training. The originsl
experiment was repeated with deprivation levels closcly
monitored and held constant at 307 of free-feeding weight.
Ho contrast effccts were found.

In another study, Marx (1969) employed a different type
of quality shift. Subjects under low (2-3 hr) doprivation
conditions were shifted from food pellets to 327 sucrose
pellets (the preferrod food) in A discrete-tricl
bar-pressing task. A sipnificant PCE wrs obtained in  the
shifted group. Another group in the same study was shifted

from an 8% to a 324 pcllet concentration and showed no
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evidenceoe of conlLrasted responding, Thense data  were
interpreted a5 a demonstration that positive contrast is
obtainable, but only if the incentive change is sufficiently
large.

A good number of studics hav investigaled downshifts in
sucrose concentration in the runway. The o?vrwhelming
conclusion is thatvthe NCE doecs not appear. Rather, the
downshifted animals show a gradual decrease in specd and
cventually reach the asymptote of the wunshifted controls,
but do not subcede it (Collicr, Knarr, and Marx, 1901;
Goodrich and Zaretsky, 1962; Homzic¢ and Ross, 1962; Rosen
and Ison, 19065; Spear, 1905; Rosen, 19606; Flaherty,
Riley, and Specar, 1973).

In addition to running and bar-prcssing, other
performance measurcs have been employed to study successive
contrast coffects duc to quality shifts. One such proccdure
is the measurement of 1lick rate. Subjects are simply
allowed to lick a tube from which & 1liquid re«inforceer is
available ond the number of licks is btaken as the degree of
performancc. Some writers (c.g., Collier et al, 1961) have
suggestcd that lick rate is & more szunsitive measure than
running specd.

Using lick rate as the dependent meissure, Panksepp  and
Trowill (1971) snifted sucrosc concentrotions from 127 to

35% and vice versa., Both positive and negative contrast
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effccﬁs resulted under conditions of both 21 hr and 1 hr
food deprivation. In this situation, controst «cffects are
often short-lived. In the Pankscepp and Trowill study, the
effects disappearcd after apout 1 min. Similer resulis were
reported by Flahcerty and Largen (1975). An NCE and a PCE in
both lick rate and latcncy to lick appecared following a
shift from 32% to u$ sucrose concentration.

Vogel, Mikulka, and 3pear (1968) slso reported an  HCE
in 1lick rate resulting from & shift from 327 to 4% sucrose
concentrations, but not in a shift in the same
concentrations of saccharin.

Another line of research was undertaken by Trcwili and
his associates involving shifts from sodium-saccharin to tap
water and back to sodium-saccharin., The dependent measure
was  simply amount consumed within & certain period of time.
In several studies (Gandelman and Trowill, 1959; Ashton,
Gandelman, and Trowill, 1970a; Dube, Ashton, and Trowill,
1970) it was found that the amount of saccharin consumed
following the interpolated one doy shift to tap water was
significantly higher than on the previous saccherin days,
thereby demonstrating a successive PCE. These results were
not obtained using & sucrose solution in  place of the
sodium-seccharin however (Ashton, Gandelman, and Trowill,
1970b) .

In summary, cvidence for both PCE's and NCE's using
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consummatory measures scems Lo he strong and replicable. On
the other hand, contrast effects basad on instrumental
responses appear Lo be non-cxistant in  the runway and
equivocal in ber-pressing paradigms., Flaherty and Caprio
(1976) pointed out that tLhis discrepancy is inconsistent
with several theories of behavior which emphesize Lhe
relationship between consuminatory and instrumental
responding (Spence, 1965; Sheffield, 1966). Conscquently,
these authors designed severcl cexpriments Lo compare the two
rcspdnse systems within a single study. An  experiment wvas
arranged such that instrumental responding in a runway could
be measured in addition to consummatory licking in the goal
box. Results wecre consistent with previous literature: an
NCE was obtained in the latter mecasure, but none in the
former. In addition, no corrclation was found betwcen
running specd and lick rate. A sccpnd experiment used
longer preo- and postshift periods and salso included @n
upshifted group. Agein, an HCE was found in lick rate, but
not 1in running spred. A reliazble PCE was not found in
either measurc. In agreement with the first cxperiment, no
statistically significant correlations were found between
running speed and lick rate. Flaherty =and Caprio reschcd
the conclusion that instrumentesl responding and consummatory
responding arc not nccessarily related, consistent with the

approsch taken by Bindra (1974). Tt would &ppear that
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instrumentsal behavior is reloted to associations between Lhe
signaling stimuli and the stimulus properties of the reward,
rather than stimuli and consummatory rcecsponses.

Shifts in Deprivation Level.

The interactive cffrcls of drive and incentive have
long becen a source of controversy in psychology (e.z., Hull,
1943;  Spence, 1950). A  common incentive-motivational

mechanism has been proposed (Rcvusky, 1968) in which

incentive 1is viecwed as an increasing function of
deprivation. If this is the casc, contrast cffects should
be evident following shifts in drive. Drive, of course,

must be operationally defined 2nd &t lcast three methods are
in use. The first is a timc-based wmcosurce based on the
clapsed time since the subjeccts were last exposed Lo food.
The second is based on percentnge of frcece-feeding weight,
The third invplvcs feceding o standerd amount of food to each
subject daily, regardless of its normal weight. All three
methods have their advantages and dissdvantages, and all
have been used in successive contrast drive-shift studies,
Zaretsky (1966) publishcd @& study investigating the
effects of shifts in various combinations of drive and
incentive. Two conditions &re relovent Lo the present
discussion, thosc 1in which the reward mapnitude was held
constoant, but drive was shifted. High drive was dc¢fined as

22 hrs deprived; low drive was 1.5 hrs deprived. Under
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conditions of low reward magnitude (1 pellet) o PCE  was
observed when drive was shifted from low to high. An NCE
was found under conditions of bhigh reward magnitude (0
pellcets) in a deprivations level shift from high to low.

Capaldi (1971) defined high drive as 11 gm of food and
low drive as 20 gm per daoy. ‘Using & 10 pellet reward
magnitude, no NCE was found in a shift from high to Jow
drive.

In a later study, Capaldi (1973) wused a different
method of inducing differcential drive. High drive was
defined as 75% of ad lib body weight; low drive was 90%
frece-feeding weight. An NCE was found in a shift from high
to low drive only when a large magnitude of reward was used.
That is, the effect was present when 22 pellets were usad,
but absent when reward magnitude consisted of only 1 pellet.
Tt may be noted that the method of drive induction used here
necessarily demanded a long interval (18 days) between pre-
and postsnift.

Mollenzucr (1971) defined high drive as 22-22.5 hrs
deprivation. A 30-60 min dceprivation period defined the low
drive condition. Shifts in drive after 23 trisls produced &
gradual approach to Lhe appropriate  poerformance  Jevel,
However, shifts aftcer cither 75 or 105 trials produced
significant contrast cffects in both directions.

The results of thc successive deprivaltion shift studies
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have been relatively consistent in findinty both positive and
negative contrast effccts resulting from these shifts. The
differcnce between successive and simultancous contrast can
bec exemplified by citing the resulis of Eisenberger, HWyers,
and Kaplan, (1973). High and low drive conditions consistad
of 24 hours deprivation or 24 hours free feeding,
respectively. Using. a sinpgle trial per day in two
discriminably different runways, superior performance was
shown under low deprivation conditions in the discrimination
group reclative to the control group which was run under
constant low dgc¢privation. This is exactly opposite of the
predicted effects based on the sucecessive contrast
literaturec. This suggests that crution must be used when
generalizing betuecn the two Lypocs of proccdures.

Intercranial Stimulotion Effcecets.

Intercranial stimulation (ICS) of the brain occupies a
unique position among cxperimental manipulations in that it
is an incentive which can be studied indcpendent of drive or
deprivation conditions (Trowill, Pankscpp, and Gandclman,
1969). A fcw successive contrast studies using shifts in
the current of ICS have been reported.,

The first colcar-cult. domonstration wos Foportvd by
Panksepp oand Trowill (1969) wusing a bar press situation.
Rats were trained to respond on a CRF scheduls for .5 scc

lateral hypothalamic stimulation with e¢ither a high or low
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currcnt.  When responding stoabilized the groups woere shifted
to the opposite inceentive condition. Althouph no control
groups were included in the design, the chiangces in
performance between pre- and postshift were dramatie. Both
positive (low to high stimulation) znd ncgative (high to low
stimulation) contrast effects appeared and 1lcsted for
approximately 15 min.

In a later study (Panksepp and Trowill, 1970) the samc
authors attempted to replicate the ceffect wusing three
different procedurc¢s. A PCE was shown wusing & deascending
method of 1limits for determining ICS threshold. Thal is,
current was initiaelly set al a suprathreshold limit &and
systematically decreased until responding ceasced. After a
time-outl period, the subjecls weore allowed .to resume bar
pressing, apgain beginning at  the originsl suprathreshold
value. Response rates were significantly higher following a
time out than for a control group with no timc-out.

A second cxperiment involved giving an ascending series
of ICS currents within a continuous test sequence. Although
response ratecs incrcased with current intensity, the
suthors' conclusion of a PCE is unwarrontcd since control
groups were not employaod.

The third cxperimcent was concerned with time to
complete an FR requirement under various lcevels of ICS.

Using prcshift rates for boselines, a PCE was found in that
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time to complecte the FR requircment significantly decreased
from baseline when current was iﬁcroased.

Using a different aopparatus and  stimulation site
(medial hypothalamus and ventral thalamus), Atrens, Von
Vietinghoff-Riesch and Der-Karabetian (1973) reported both a

PCE and an. N

(@}
rn

in a shuttlcbox task. Onc response was
required to initiate ICS and another to c¢scupe it. Thus,
both rewarding and aversive stimulation were studicd in the
same situation. Three intensitics of 1CS5 werce presented in
a randomized scqueonce, Positive contrast was found since
high intensity 1ICS preccded by cither medium  or low
intensity produced more vigorous responding when compared to
high intensity followed by high -intensity. When low
intensity ICS was preceded by cither medium or high, the
animals respond=d much less vigorously to obtzin it. These
fesults were taken to indicate both positive and negative
contrast etfects 1in the rewarding situation. in the
aversive casc, when high intensity ICS5 was preceded by
cither medium or low intensity, the @animals escaped wore
slowly comparcd to the noncontrasted ciose  (HCE). Ho
corresponding PCE was found however, since latency to oscape
low intensity ICS wes notl affected by tLhe precoeding
conditions.

Miscellancous.

There arc scveral other studics deserving of mention
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which do not [it conviently under any of the previous
catcgorics, but necvertheless arc of some relevence to this
discussion. One area of research involves giving equal
incentives (by weight or volumc) but in 2 different form, or
number of "goal units." Several investigators have noted
the fact that cquivalent amounts of food reward support
differcnt levels of responding. That is, rets (Logan, 19.60,
p. 35; McCain, 1969) and chickens (Wolfe and Kaplon, 1941)
run differenticlly to obtain food depending on the manner in
which the reoward is divided. For exauwple, 1in the MeCain
(1969) study, one group of subjects (MS) were rewarded with
22 U5 mg pellets (990 mg totanl) and then shiftd to o« single
1000 mg pellet. A sccond group (SM) wzes cxposcd to the
reverse conditions. During preshift, Group MS ran
significantly faster than Group OM, but the opposite was
true during postshift. Although the proper control groups
were not included to @assess any contrast effects, the
results strongly suggcest that factors other than traditionnl
incentive variables eore operctive in contrast phcecnomena. It-
may be parenthetically noted thzt the znalogous effects
using different wunits of 1liquid sucross wns not obtained
(Flaherty, Riley, and Spear, 1973).

In & rclrL'cd study, Daly (1972) originally treained
three groups of rats to run for onc 500 mg pellet (Group

L), 25 20 mg pellcts (Group 25S), or one 20 mg pellet
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(Group 13). Then Groups 1L and 258 were shifted to the 13
condition. HNegative contrast was shown in both groups, but
Group 2558 showed a much larger NCE, again implicating the
importance of goal units on contrast effccts.

| These studies 211 point to the possibility that an
important veriable determining contrast coffects is the
animal's perception of the incentive rather than the
incentive per se. Cleerly, more rescarch is needed in this
potentially fruitful srca of rescarch,

Summary and Conclusions.

Due to the wide variety of empirical manipulation
discussed in the previous sections, few generalized
conclusions cun be drewn, It is cleor that incentive 1is a
multi-dimensional concept and must be vicwed in a relative,
as opposed to an ebsolute menncr. The peradigms used to
investigate contrast effects are an excellent tool for
delineating some of the crucial aspects fundamental to the
concept of incentive.

In most revicws of this sort, the primary conclusion is
the generzl nced for more resecarch. This poper is no
exception. A csse in point is the scction dcsling with
shifts in delay of reward. As noted, Lhe literature is
replete with positive results, negative results, and
failures to replicate both. There is an obvious nced for

paramctric investigations in which such paramcters as reward
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magnitude, delay intervals, and number of trials oareo
manipulatd.

The literature concerncd with aversive conditioning 1is
even more ambiguous and incomplete. In view of the large
amount of rcscarch done with avoidance conditioning, it is
surprising that such few attempts af shifting shock levels
have been made.

An area which undoubtedly will receive more attention
in the future 1is schedule coffects, particularly thosce
concerned with the scquentinl  espects of  schedules. 1t
would not be surprising to lcarn that sequentizl osspects of
reward schedulcs affect contrast effects equally as much as
thcy do extinction phenomena (Robbins, 1970). Rclated to
this is shifts in percentege of reward, The interaction
between percentage shifts oand scquential coffects is a prime
source of mcaningful research as well as theoretical
development.

Another arco thet deserves more attention is  responsc
systems in genecral, This should be clear from the section
on quality of reward shifts in which contrast cffects are
reandily obscrvable with consummatory, bul absent with
instrumental responsces.

Finally, much more work 1is nceded to determine the

differcncecs between simulbtoncous and  successive contrast

effects. Although the former have been de-emphasized in
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this paper, it should be noted that the results using
analogous procedures in the two paradipgms fail, as often as
not, to coincide with each other. HMore studies directly
comparing the two arc in ordoer,

Perhaps the single greatest factor impeding contrast
rescarch has becn the 1lack of well-specified theorices.
Hopefully, the comprehensive reinforcement level theory
reccntlyv advanced by Capaldi (Note 2) will be an impetus to

expand current alternctive conceptiions and develop new ones,
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SUMMARY TABLE FOR % (GROUPS) X 20 (DAYS) ANALYSIS OF VARIANCE

DURTFNG POSTSHIFT TRATNING (AVERAGE OF SEVEN DAILY TRIALS)

Source M8 af F
Start: A (groups) 073 3 .032
Error 2.295 36
B (days) .263 19 3.862 wxx
AB 071 57 1.036
Error 068 584
Run: A (groups) . 161 3 LOU%
Error 3.361 30
B (days) 1.284 19 19.020 *%xX
AB 076 57 1.119
Error L0067 684
Goal: A (groups) 4,656 3 .330
Error 1,144 36
B (days) 1.536 19 6.588 *x%
AB 271 57 1.154
Error 234 684
Total: A (groups) .050 3 L0917
Error .553 36
B (days) L0806 19 7.760 %%
AB 015 57 1.326
Error L0110 684

KX p <001
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SUMMARY TABLE FOR 4 (GROUPS) X 20 (DAYS) ANALY3I3 OF VARIANCE

JURING POSTSHIFT TRAINING (R TRIALS FOLLOWING ONE OR HORE N TRIALS3)

Jourcao : MS df F

Start: A (groups) .083 3 .036
Error : 2.305 36
B (days) .293 19 §.069 %%x
AB 071 57 .936
Error 072 684

Run: A (groups) 172 3 .050
Error 3.412 25
B (days) 1.432 19 20,754 x*%
AB .082 57 1.188
Errror .069 681

Goal: A (groups) 5.012 3 .291
Error 17.211 36
B (days) 1.542 19 N,750 ®x%
AB 292 51 .901
Error L3280 634

Total: A (groups) L0062 5 101
Error 012 36
B (days) .087 19 T.250 **x
ADR .04 51 1.116
Error .012 684

%% p < ,001

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Page 71

SUMMARY TADLE FOR 4 (GROUP3) X 5 (DAYS) ANALY3IS OF VARIANCE

DURING EXTINCTION (AVERAGE OF SEVEN DAILY TRIAL3)

Source MS dr F
Start: A (groups) .099 3 102
: Error .976 36
B (days) 13.955 h 32.7206 %*%
AD 148 12 876
Error L1159  1thn
Run: A (groups) 153 3 213
Error L7158 50
B (days) 10.826 Yy T71.169 *¥x
AB . 131 12 564
Error ' .152 144
Goal: A (groups) . 391 3 L83
Error 2.733 30
B (deys) 36.879 4 £9.133 %%
AB . 345 12 .836
Error LUy 14y
Total: A (groups) .006 3 .0us5
Error L1335 36
B (days) 2.208 4 9G.700 #¥*%
AB L0017 12 .780
Error 022 14y

#E¥% p < ,001

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



	Role of sequential variables in successive contrast effects
	Let us know how access to this document benefits you.
	Recommended Citation

	tmp.1459884606.pdf.PuXNf

