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Interference and facilitation produced
by noncontingent reinforcement

in the appetitive situation

R.F. S. JOB
University of Sydney, Sydney, New South Wales, Australia

The results of experiments on learned helplessness in the appetitive situation have varied from
facilitation to debilitating effects produced by exposure to uncontrollable food. The conditions
under which the interference effect (debilitation) may occur were examined in the first three ex
periments, employing the triadic design. Sixteen sets of conditions were examined. The results
suggested that the effect occurs when (l) subjects are preexposed to the manipulandum to be used
in the test stage, by having it present during pretreatment with uncontrollable food, and (2) the
manipulandum employed during pretreatment is absent during the test stage. Furthermore, un
der the reverse conditions (test manipulandum absent during pretreatment, and pretreatment
manipulandum present during testing) and partial reinforcement of the response contingent sub
jects during pretreatment, the test performance of rats exposed to uncontrollability was facili
tated. Experiment 4 confirmed the occurrence of the interference effect under the suggested con
ditions. Apparently inconsistent results of previous studies may be interpreted in the light of
these findings.

451

Dogs, rats, Mongolian gerbils, and domestic chickens
exposed to uncontrollable electric shock subsequently
show retarded escape and avoidance learning when com
pared with subjects given no prior shock or given prior
escapable shock (Brown & Dixon, 1983; Job, 1987b;
Maier, 1970; Overmier & Seligman, 1967; Seligman &
Beagley, 1975). This effect and similar effects obtained
employing exposure to other uncontrollable events have
been termed interference effects(Glazer & Weiss, 1976;
Seligman, Maier, & Geer, 1968). Learned helplessness
theory holds that the interference effect arises because sub
jects learn that shock termination is independent of their
responding. This learning may cause cognitive and
motivational deficits (Alloy & Seligman, 1979; Maier &
Jackson, 1979). Alternatively, the interference effect may
be explained in terms ofcompeting responses learned dur
ing pretreatment that are inconsistentwith the test response
(Black, 1977; Bracewell & Black, 1974; Levis, 1976),
or in terms of neurological depletion caused by the shock
(Anisman, 1975; Weiss, Glazer, & Pohorecky, 1976).

Proponents of learned helplessness theory have claimed
that the interference effect may also occur in the purely
appetitive situation (Maier & Seligman, 1976; Maier,
Seligman, & Solomon, 1969; Seligman, 1975). Similarly,
others have accounted for the supposed effects of uncon
trollable appetitive outcomes in terms of learned ir
relevance (Baker, 1976). However, despite considerable
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empirical effort, methodological weaknesses in relevant
studies leave the effects of exposure to uncontrollable ap
petitive reinforcers unresolved.

In experiments using human subjects, interaction be
tween the experimenter and the subject clouds the distinc
tion between appetitive and aversive events. Is the sub
ject gaining approval or avoiding disapproval? In many
experiments, both possibilities exist since positive
("right") feedback and negative ("wrong") feedback
were employed (Benson & Kennelly, 1976; Danker
Brown & Baucom, 1982; Griffith, 1977; Hiroto & Selig
man, 1975; Klein, Fencil-Morse, & Seligman, 1976; Na
tion & Massad, 1978; Roth & Bootzin, 1974). Even when
more direct positive reinforcers have been used, nega
tive verbal feedback still occurred (Dweck & Reppucci,
1973).

The results of experiments employing pigeons have
varied from support for the interference effect (Enberg,
Hansen, Welker, & Thomas, 1972) to extremely short
lived effects (Welker, 1976) to failure to observe the ef
fect (Schwartz, Reisberg, & Vollmecke, 1974). Further
more, the support observed by Enberg et aI. has been criti
cized on statistical grounds (Garnzu, Williams, &
Schwartz, 1973). In addition, methodological difficulties
arise from the presence of the treadle apparatus only in
the response contingent group's pretreatment chamber.
Thus, without the treadle, the test situation is more dis
criminably different from the pretreatment situation for
the response contingentgroup, reducing the possible trans
fer of any competing responses.

Experiments in which rats have been exposed to un
controllable appetitive reinforcers have also produced
divergent effects, ranging from the interference effect
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(Oakes, Rosenblum, & Fox, 1982) to failure to observe
an effect (Wheatley, Welker, & Miles, 1977, erratum
1978) to facilitation (Beatty & Maki, 1979;Calefet al.,
1984). Methodological considerations also render some
resultsambiguous. For example, exposure to uncontrol
lable appetitive outcomes has beenconfounded with ex
posure to appetitive outcomes per se, through theabsence
of subjects exposed to controllable outcomes (e.g., Bain
bridge, 1973, Experiments 2 and 3). When separate
groupsexposed to controllable reinforcement anduncon
trollable reinforcement havebeenemployed, the groups
have notbeenequated for amount of reinforcement (e.g.,
Bainbridge, 1973, Experiment 1).

Recently, inconsistencies havebeenpartly resolved by
consideration of the test measure employed. The failure
to observe the interference effect employing a running
speed measure (Calef et al., 1984) and the observation
of the effecton morecomplex tasks(Oakes et al., 1982)
may be reconciled. Job (1987a) showed that prior ex
posureto uncontrollable food deliveries retarded T-maze
discrimination but not T-maze running speed. These
results suggest that uncontrollable appetitive outcomes
maycause a cognitive deficit, butnottheproposed motiva
tional deficit-that is, the "reduced incentive to respond"
(Alloy & Seligman, 1979, p. 210; Maier & Jackson,
1979,p. 160;Maier& Seligman, 1976)-since response
speed remained unaffected. However, thispossibility does
not account for the failure to observethe effect in a bar
press test (Wheatley et al., 1977) or the observation of
a facilitation effect. Therefore, the present series of ex
periments attempted to establish the conditions under
which the interference effectcouldbe observed reliably
in the appetitive situation. The detection of the appropri
ate conditions mayhelp to resolve some of the apparent
inconsistencies in the existing literature. Such a resolu
tion of these inconsistencies would also reduce the via
bilityof the possibility that theappetitive interference ef
fect simply reflects selective reporting and/or publishing
of positive results.

EXPERIMENT 1

In Experiment 1, the effects of three factors were ex
amined. These factors were examined not only because
they have variedacross previously reportedstudies, but
also because they could be expected to influence the
learned helplessness effect as follows:

1. Continuous versus partial reinforcement of the
response contingent group during pretreatment. The
response contingent rats determine the rate of food deliv
ery to their yoked (helpless) partners. The change from
continuous to partialreinforcement, therefore, affects the
rate of food delivery for the yoked rats. Thismaybe crit
ical in that a partial reinforcement schedule allowsmore
timefor the yoked rat to performresponses between food
deliveries. Thus the noncontingency of numerous
responses and fooddelivery may allow greater opportu-

nity for the yoked rats to "perceive their helplessness"
under the partial reinforcement condition.

2. Presenceor absence ofthe test response manipulan
dum during pretreatment. Maier and Seligman (1976,
p. 8; Maier& Testa, 1975) claimed thatthe learned help
lessness effect is demonstrated in rats only when the
response-reinforcer contingency is not obvious. Possibly,
a high-probability test response makes the contingency
moreobvious by exposing the subjectto the contingency
more frequently. One way to reduce the probability of
the test response (inthiscasea nosepoke)is to preexpose
the subjects to the nose-poke keyduring pretreatment (Lu
bow, Rifkin, & Alek, 1976). Thus, thetest is morelikely
to meet the requirement suggested by Maier, Albin, and
Testa (1973) that the taskbe "acquired more gradually"
(p. 587). The presence of thekey in bothphases may also
increase generalization from the pretreatment to the test
phase.

3. Presence or absence of the pretreatment response
manipulandum during testing. As stated earlier, the
presence of the pretreatment manipulandum (a bar) may
increase generalization from pretreatment to test.
However, the presence of the bar may also impair the
nose-poke performance of the response contingent group
by response competition. Thiseffectshould be especially
strong after partial reinforcement during pretreatment.

Method
Subjects

The subjects were 128 male Wistar rats, aged 90-100 days at
the beginning of the experiment. Rats were housed 2 or 3 per cage,
as dictated by numbers, and were maintained on a 12:12-h lightdark
cycle with ad lib access to water.

Apparatus
Three identical Skinner boxes were used. They measured

22.5 x33.5 x32.5 em high. Walls were constructed of clear Plexi
glas, and floors were stainless steel. To one end wall was attached
a food cup, 2.5 em in diameter, located 3 em above the floor and
6 em from the left side wall. Immediately to the right of the food
cup was a l<k:m long, 2-em wide Plexiglas bar, located 9 em above
the floor. During the test stage, a nose-poke (NP) key was secured
to the left side wall using masking tape. The key was made of cop
per, and was located 16 em from the front wall and 3 cm above
the floor. Barpress and nose-poke responses were automatically de
tected and recorded using Hales equipment, while 45-mg food pellets
were delivered by Davis Scientific Instruments pellet dispensers.

The laboratory was illuminated by overhead fluorescent lights
and ventilated by a fan, which also provided background noise.

Procedures
Because of the large number of subjects involved, the experiment

was conducted in 10 replications of up to 16 rats each. After 2 days
acclimatization to the laboratory, the rats were placed on a 23-h
food deprivation schedule, with access to wet mash for I h per day .
This reduced their weights by approximately 20% over 14 days prior
to the beginning of the experiment. On the 15th day, each subject
was allowed 5 min adaptation to the Skinner box, with 10 food
pellets in the food cup and no manipulanda present.

Pretreatment. The subjects were assigned, on the basis of their
predeprivation body weights, to one of four basic groups in matched



sets of 4 subjects so that each set of 4 rats consisted of 1 rat in
each group. The four groups received differential pretreatment as
follows:

Response contingent (RC) group. RC rats were allowed to earn
a total of 980 pellets by barpressingon a continuous reinforcement
(CRF) schedule or on a partial reinforcement schedule that began
with CRF in the first test session and was extended through FR-2
to FR-6 and then to VR-8 (range 4-12). Seven sessions occurred
over an 8-day period, with the rat allowed to earn the following
numbers of pellets per session: 40, 40, 100, 200, 200, 200, 200.
A test of eating speed occurred on the day on which no barpress
training occurred. To avoid a possible selectionbias in this group,
no subjects were discarded for failure to learn; rather, shaping by
successiveapproximation was employed, but was rarely necessary.
The subjects were 22- to 23-h food deprived at the time of the ex
perimental sessions. For half the subjects the NP key was present
during pretreatment, and for the other half it was absent.

Yoked noncontingent (Y) group. Each subject in this group was
yoked to a RC subject. Pretreatment for the Y group was identical
to that of the RC group except that the delivery of the 980 pellets
was determined by each Y subject's RC partner in the adjoining
box, and was thus independent of the Y subject's behavior. The
bar was present for the Y group, as it was for the RC group, and
the NP key was present only for those rats yoked to a RC rat with
the NP key present. Neither response had any programmedeffect.

En masse control (MC) group. This group was given the same
pretreatmentas that used by Wheatleyet al. (1977).The MC group
received the same pretreatment as the RC group except in one
respect: The same number of food pellets as would be earned by
the RC group in each pretreatment session was present in the food
cup at the beginning of the session. The session length for each
MC rat was determined by the time taken for the RC rat in the set
to earn the required number of pellets. The NP key was present
for the rats in the relevant sets. Barpresses and nose pokes had no
programmed effect.

Naive control (NC) group. Since this type of control group is
sometimesused in learnedhelplessnessexperimentsrather than the
MC group, it was decided to use bothgroups in the present series
of experiments. Anyeffectattributable to the different controlgroups
would thus be identifiable. This group did not receive Skinner box
pretreatment. NC rats were kept in the homecagesduring the seven
pretreatmentsessions, receivingan additional amountof PurinaRat
Cubes to equal (in caloric value) the pellets received by the other
groups. These foodsare knownto be of similarcaloricvalue(Valle,
1969).

Magazine training. On the day between pretreatment and test
ing, all subjects received a session of magazine training in which
they received 100 pellets. Although magazine training.was neces
sary only for the MC and NC groups, the Y and RC groups were
nonetheless given the session in order to equate food intake and
exposure to the apparatus on the day prior to testing. For half the
subjects the NP key was again present, and no food was delivered
within 20 sec of the rat's sniffing or contacting the key. This was
achieved by manual delivery of food and continuous observation
of each subject.

Test phase. The basic test procedure was the same for all sub
jects. The NP key waspresent, and each nosepokecausedthe deliv
ery of one food pellet. One 2o-rnintest sessionwas given each day
until a criterion of 100 nose pokes in one session was achieved;
however, each rat underwentat least two test sessionsand no more
than eight sessions. For half the subjects under each condition, the
bar was present during testing.

Rationale for sample size. As a consequence of the method
ological problems and the lack of reporting of data for individual
subjects in previous studies, little informationis available as to the
frequency or degree of the learned helplessness effect in the ap
petitive situation. However, data from the aversive situation indi
cate that around two-thirds of subjects show the effect. For exam-

INTERFERENCE AND FACILITATION 453

pie, Maier and Seligman (1976) reported that approximately
two-thirdsof the 150dogs they exposed to inescapableshock were
subsequently debilitated; Brownand Dixon (1983) reportedthat all
6 inescapablyshockedsubjects froze in the test stage; Job (l987b)
found 16 of 18 subjects debilitated; Kelsey (1977) found 8 of 10
subjects debilitated; Maier et al. (1973) found 5 of 8 debilitated
in Experiment 5, and 7 of 10 in Experiment 6; Maier and Testa
(1975, Experiment 1) found 6 of 8 debilitated; and Seligmanand
Beagley (1975, Experiment 4) found7 of8 debilitated. On the other
hand, Henn, Johnson, Edwards, and Anderson (1985) found much
lower percentages of subjects debilitated, and also found that a
genetic component was an important determining factor. On the
basisof this smallnumberof reportsof the relevantindividual data,
the estimate of 66% of subjects showing the effect appears to be
reasonable. If theprobability of a givensubject'sshowingthe learned
helplessnesseffect is .67, then the probability of obtaining the ef
fect in 2 or more subjects in a group of 4 is .89. In other words,
in an experiment involving 4 subjects per group, and employing
the criterion of debilitationoccurring in 2 or more Y subjects, the
power of detecting the learned helplessness effect is .89. In the
present experiments, any Y rat that shows NP performance that
is inferiorto all 3 of its matched rats (RC, MC, and NC) is regarded
as debilitated.

The previous inconsistent results with appetitive reinforcement
suggest that the learned helplessnesseffect may be elusive. Thus,
although more subjectswould naturally increase the power, it was
decided that many combinationsof conditions may need to be ex
amined, necessitating the use of many subjects, and that a power
of .89 is acceptably high. Sincefalsepositiveresultsare the greatest
risk of this design, it was decided that an additionalexperiment in
volving an appropriate number of subjects would be conducted to
verify the effect under the combinationof conditions observed to
be most likely to produce the effect.

Summary. A fullycrossedexperimental designwasemployed.
This resulted in a4x2x2x2 design (4 groups: RC, Y, MC, NC;
2 ratesof reinforcement: continuousor partial; 2 pretreatmentcon
ditions: NP key present or absent; and 2 test conditions: bar absent
or present). Four subjects were employed in each of the 32 cells.
Experiment 1 may thus be seen as an examination of the learned
helplessness effect under eight experimental conditions, using four
basic groups.

Results and Discussion
Three measures of test performance were examined:

total nose-poke responses on the first day, days to crite
rion (with tied results decided by the number of nose pokes
actually performed), and latency from the first to the fifth
nose poke. The latter measure was included to examine
the possibility of a very brief decrement as observed by
Welker (1976). The results for these three measures are
presented in Table I.

The relevant manipulations produced the predicted
direct effects as follows: (I) In comparison with CRF,
VR-8 reinforcement allowed considerably more time for
responses by the Y group during pretreatment: the aver
age time between reinforcers under CRF was 4 sec, com
pared with 18 sec under VR-8. This difference is signifi
cant (Fisher exact probability test, p < .(05). (2) The
presence of the NP key during pretreatment reduced the
initial probability of a nose poke during testing: the mean
latency to the first nose poke was increased from 101 sec
to 330 sec after preexposure. A fixed effects model anal
ysis of variance conducted on the log transformed laten
cies (since the raw latencies violated the assumptions of
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Table 1
Results of Experiment 1 for too Three Test Measures

Pretreatment Reinforcement

Continuous Partial

M M
Bar Present Latency Latency
or Absent M MDays NPI to NP5 M MDays NPI to NP5

in Test NPs to Criterion (in sec) NP to Criterion (in sec)

Absent
Key Absent in Pretreatment

RC 103.75 1.5 186 88.50 1.5 124
Y 114.25 1.8 208 Ill. 75 1.3 137
MC 120.50 1.3 174 33.50 2.5 499
NC 116.25 1.5 274 120.25 1.3 188

Present
RC 122.50 1.8 192 73.25 1.8 854
y 119.00 1.5 355 164.25 1.3 262
MC 107.75 1.8 184 44.75 3.0 1985
NC 103.25 1.8 53 38.50 2.0 665

Absent
Key Present in Pretreatment

RC 83.00 1.5 349 76.50 1.8 154
y 2.25 2.8 1447 107.25 2.5 548
MC 134.25 1.3 113 75.50 1.8 752
NC 100.00 1.5 503 96.75 1.5 134

Present
RC 38.25 2.5 934 99.00 1.5 405
y 101.00 1.8 591 85.00 1.5 212
MC 77.50 1.8 222 66.50 1.8 438
NC 61.00 1.8 114 43.75 2.3 1352

Note-NP = nose poke, RC = response contingent group. Y = yoked noncontingent group. MC = en masse control
group. NC = naive control group.

analysis of variance in terms of skewness, kirtosis, and
variance ratio) revealed a significant effect of the presence
of the key [F(1,30) = 4.52, p < .05]. (3) As expected,
when the bar was present during testing, the RC group
performed many barpress responses, averaging 260 bar
presses in the first test session after CRF in pretreatment,
and 328 after VR-8 in pretreatment.

However, the main effects of interest are the effects of
these manipulations on the occurrence of the learned help
lessness effect. Of the eight conditions examined (2 con
ditions of reinforcement x 2 conditions of bar x 2 con
ditions ofNP key), the requirement specified for support
of the learned helplessness effect (two or more of the four
sets indicating the effect) was clearly met under one con
dition. Despite the high power (.89) under the criterion
employed, the other seven conditions failed to indicate
learned helplessness. Learned helplessness was indicated
under the conditions of CRF, key present during the
pretreatment and bar absent during the test. Under these
conditions, in all four cases, the Y rat showed the poorest
NP learning in its set. All 4 Y rats took more days to cri
terion than any other rat in their sets (binomial test,
p < .05 for the three comparisons of the Y group with
each of the other groups); all 4 Y rats were poorest in
their set on the total NP measure; and 3 of the 4 Y rats
were poorest in their set on the latency from NPI to NP5
measure. These results are reflected in Table 1, which
shows that under the relevant conditions, the Y group took

on average almost three times longer to perform their fifth
nose poke than the second slowest group, and performed
an average of two nose pokes, compared with a mean of
106 for the other three groups.

It is noteworthy that the opposite conditions to those
indicating the learned helplessness effect appeared to
produce the opposite result; that is, under the conditions
of partial reinforcement, key absent during pretreatment
and bar present during test, the Y rats were facilitated.
Under these conditions, all 4 Y rats were superior to the
other 3 rats in their respective sets on the total nose pokes
and days to criterion measures, and 3 of the 4 Y rats were
superior on the latency measure.

The occurrence of the learned helplessness effect un
der the single combination of conditions may be due to
various effects of the manipulations made, as described
below. However, it should be noted that none of these
factors necessarily supplants the learned helplessness the
ory as an account. Rather, these factors may influence
the observation of the effect by impairing or not impair
ing the performances of the various control groups.

Continuous Reinforcement
The continuous reinforcement condition not only affects

the RC group and the time between reinforcers for the
Y group, but it also allows less time in the apparatus for
the MC group in comparison with partial reinforcement.
The extra time in the apparatus during partial reinforce-



mentpretreatment mayhaveallowed extinction of numer
ous active responses in the MC group. As wouldbe ex
pected, observationindicated that the patternof behavior
exhibitedby this groupwasa tendencyto stay at the food
cup until the allottedpelletswere consumed, and then to
move around the Skinnerbox. Sincethe responses made
after consuming the pellets are extinguished (no further
pelletsare delivered), the partial reinforcement pretreat
ment allowsmore time for responding (other than stand
ing at the food cup) which is thus extinguished. Consis
tent withthis claim, the MC groupperformedfewer nose
pokes in the first test sessionafter partial reinforcement
than after continuous reinforcement (Ms = 55.1 and
103.8, respectively; t = 1.92, one-tailedp < .05).

The RC rats were also adverselyaffectedby the partial
reinforcement pretreatmentin that more barpresseswere
made in the test stage. Even with the bar absent, the RC
group may have been adverselyaffected; observation in
dicated that they persisted in other responses incompati
ble with the NP response, including remainingwherethe
bar had previouslybeen and sniffing and scratching the
area of the front wall that had housedthe bar. However,
althoughthe meanswere in the predicteddirection, with
the bar absentthere wasno significant difference between
the partial and continuous reinforcement conditions in
termsof the numberof nosepokesin the first test session
(Ms = 82.5 and 93.4, respectively; t < 1).

Key Present
The presence of the NP key during pretreatment

achievedthe predictedeffectof reducingthe initialprob
ability of the test response. Furthermore, after the
pretreatment exposure, initial NP latencies were very
similar to those reported in Rosellini's (1978) control
groups. Rosellini, one of the few authors to report initial
responselatencies, observedthe learned helplessness ef
fect in an appetitive test similar to the present test. The
mean latencies in Rosellini's study were approximately
240 sec and 370 sec for the RC and control groups,
respectively (Rosellini, 1978, Figure 2), comparedwith
296 secand 368 sec in the presentexperiment. Possibly,
a response of muchhigherprobability thanthismakesthe
contingency betweenthe responseand the reinforcer too
obvious, by overexposure to the contingency. This may
have been the case in the key absentcondition, in which
theRC, Y, andMC groups averaged initial response laten
cies of 92, 62, and 64 sec, respectively.

Bar Absent
The absenceof the bar may have reducedthe effect of

responsecompetition in the RC group, which otherwise
spent considerable time in barpressing during the test
stage. However, as notedabove,response competition still
occurred in the RC group in the absenceof the bar. This
effect may have maskedany learned helplessness effect
in the Y group. The number of nose pokes made by the
RC group was not significantly affectedby the presence
or absenceof the bar (Ms = 83.3 and 87.9, respectively;
t < 1).
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The NC group may also have been affected by the
presence of the bar, since it was a more novel stimulus
for this group than for the other groups, which were ex
posedto it during the pretreatmentsessions. Thus, being
a prominent stimulus in thebox, thebar mayhavediverted
responding from the key. This possibility is supported by
the significant reduction in nose pokes in the NC group
when the bar was present (Ms = 108.0 and 71.8 for ab
sent and presentconditions, respectively; t = 1.96, one
tailed p < .05).

EXPERIMENT 2

Most experiments examining learned helplessness in
rats in theappetitive context havehoused the rats individu
ally, ratherthan3 per cageas in Experiment I (e.g., Bain
bridge, 1973; Wheatley et al., 1977; Winefield, 1978).
Since communal housing of rats mayallow more exposure
to response-outcome contingencies through fighting and
socialgrooming, Experiment2 was conducted to exam
ine the effectof individual housing of subjects. The other
experimental conditions employed replicated those that
may be conducive to the occurrenceof the learned help
lessness effect, and those under which the Y group ap
peared to be facilitated.

Method
Subjects

The subjects were 64 rats obtained and maintainedas in Experi
ment I, except that they were housed I per cage.

Procedure
All experimentalprocedures were as previously described, with

the 64 rats divided into 16 sets of 4 matched rats. Four sets of 4
rats each were then assigned to each of the following conditions:
(I) CRF with key absent during pretreatment and bar present dur
ing testing; (2) partial reinforcement withkeyabsent during pretreat
ment andbar presentduringtesting; (3) CRF withkeypresentduring
pretreatment andbar absentduringtesting;and (4) partial reinforce
ment with key present during pretreatment and bar absent during
testing.

Results and DiscUMion

Although 1 of the 4 Y rats was debilitated under the
conditions that appeared to be conducive to the learned
helplessness effect in Experiment 1, the criterion of 2 of
the 4 showing debilitation was not met under any of the
four combinations of conditions. It maybe concluded that
individual housing of rats is not more conducive to the
occurrence of the learnedhelplessness effectthanis group
housing.

The data again suggested a facilitation of the Y group
undertheconditions of partial reinforcement withthe key
absent during pretreatment and thebarpresent duringtest
ing. The individual housingof rats had little effecton the
facilitation fmding of Experiment 1. Consequently, the
relevant results of Experiments 1 and 2 were combined
for statistical analysis, yieldinga total of 32 subjects (8
per group). Note that this analysis does not involve the
comparison of subjects in Experiment 1 with subjects in
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Experiment 2. Rather, equal numbersof subjects in each
group participatedin each experiment. The Y group was
compared with each other group separately, on each of
the three test measuresusing the binomial test, since the
data for all three measures were not normallydistributed.
On the measure of total nose-poke responses on Test
Day I, the Y group was superior to the RC group
(p < .02), the MC group (p < .03), and the NC group
(p < .02). On the days to criterionmeasure,the Y group
differed significantly only from the RC group (p < .02),
whereas on the latency from NP1 to NP5 measure, the
Y group was superior to the RC and the MC groups
(p < .01 in both cases).

EXPERIMENT 3

Results of the two previous experiments indicate that
only one combination of conditions is conducive to the
production of the learned helplessness effect. The debili
tation seen under these conditions is clear: the Y group
averaged fewer nose-poke responseson Test Day 1 than
the other three groupsby a factorof46, and, despiteaver
aging a latencyof just over6 minfor their first nosepoke,
on averagetheir secondnosepoketookmore thananother
22 min to occur. Thus, the occurrence of the first nose
poke-food pairing did not favorably affect the likelihood
of a nose-poke response; however, the effect was by no
means permanent, with all 4 Y rats having reachedcrite
rion by the end of four test sessions.

Although retarded learning, rather than a failure to
learn, has been accepted as evidence for learnedhelpless
ness (Levis, 1976, p. 51), failure to learnhasbeendemon
stratedin the aversive situation (Maier, 1970; Maieret al.,
1973; Shurman & Katzev, 1975). Thus, the effect ob
served in the aversive situation appears to be strongerthan
the sometimes transitory or nonexistent effects reported
in the appetitive context.

One possible explanationof this difference lies in the
fact that the reinforcer (shock offset) still occurs in the
aversivetest situation regardless of the subject'sbehavior.
Typically, shock is programmedto terminateafter 30 or
60 sec. No equivalent response-independent reinforce
ment occurs in the appetitive test. This response
independent reinforcement mayhave the effectof obscur
ing the response-reinforcercontingency, since the rein
forcer is adventitiously paired with irrelevant responses.
In an attempt to parallel more closely this aspect of the
aversivetest situation, in thepresentexperiment, foodwas
deliveredon a preprogrammed response-independent basis
during the test stage, in addition to the usual nose-poke
food contingency.

Method

Subjects
Subjects were64 rats obtained and maintained as in Experiment 1.

Procedure
The four combinationsof conditionsexaminedin the presentex

periment involved the presence or absence of the bar during test-

ingcrossed with the use of partial or continuousreinforcement dur
ing pretreatment, with the addition of response-independent food
during the test stage. In all groups, the NP key was present during
pretreatment. For all subjectsin all test sessions, singlefoodpellets
were delivered on a variable time (V'F) schedule (M = 100 sec,
range = 30-150 sec).Of course,eachnosepokewasalso rewarded
by delivery of a pellet.

Results

The criterion for the learned helplessness effect was
achieved in two of the four combinations of conditions
under study; that is, under the conditions of continuous
reinforcement, key present,bar absent, and the conditions
of partial reinforcement, key present, bar absent. Under
both these combinations of conditions2 of the 4 Y group
rats were debilitated. Each of these 4 rats ranked last in
its set on all three test measures. There was no evidence
for the learnedhelplessness effectunder the combinations
of conditions in whichthe bar was presentduring testing.

EXPERIMENT 4

One combination of conditions employed in Experi
ment 1 showed the learned helplessness effect most
clearly: underthe conditions of CRF withkey presentdur
ing pretreatment and bar absent during testing, all four
sets of subjects indicatedthe effect. However, since both
facilitation and debilitation have been observed, it is pos
sible that these effects simply represent the extremes of
a randomdistributionof results. To ensure that a genuine
debilitation occurs under the relevantconditions, Experi
ment 4 wasconducted to examine thiscombination of con
ditions using an appropriately large sample size.

Method
Subjects

Subjects were40 ratsobtained and maintained as in Experiment 1.

Apparatus
The same Skinner boxes used in the previous experiments were

againemployed. However, thewallswereblackened, and individual
12-V houselights were added to the lids.

Procedure
Pretreatmentand test procedures were as in Experiment 1, with

the following combination of conditionsbeingemployed: CRF dur
ing pretreatment, key present during pretreatment, and bar absent
during testing. The only proceduraldifferencebetweenthe present
experiment andExperiment 1wasthat5 dayselapsedbetween maga
zine training and testing in this experiment, whereas only 1 day
separated the two stages in Experiment 1.

Results

For all tests, alpha has been set at .05. For tests of the
presenceof the learnedhelplessness effect, matchedsam
ple one-tailed tests have been used.

Days to Criterion
The Y group took significantlymore sessions to reach

criterion than each of the other groups (Y vs, RC,



INTERFERENCE AND FACILITATION 457

GENERAL DISCUSSION

Table 2
Results of Experiment 4 for the Three Test Measures

Note-NP = nose poke. RC = responsecontingent group. Y = yoked
noncontingent group. MC = en massecontrolgroup. NC = naivecontrol
group.

The results of the four experiments reported here con
firm the difficulty in obtaining the learned helplessness
effect in the appetitive situation in that only 3 of the 16

combinations of conditions produced evidence for the
learnedhelplessness effect. This occurreddespitethe high
power (.89) for detecting the effect under the criterion
used. It will be recalled that this criterion was based on
evidencefrom the aversivesituation,which indicated that
approximately two-thirdsof subjectsshow the effect. By
way of confirmation, 6 of the 10Y group subjects in Ex
periment 4 showed the learned helplessness effect: that
is, on the measure of days to criterion, these6 Y rats were
each worse than all 3 rats to which they were matched
(RC, MC, and NC).

The occurrence of the effect in only 3 of 16 combina
tions of conditions may be interpreted as suggesting that
the effect is largelyartifactual. However, the overall pat
tern of the data argues againstsuchan interpretation. The
conditionsstudied in the first three experimentsare sum
marized in Table 3. The results of these experiments re
veal a coherent pattern. The three combinations of con
ditions indicating the occurrence of the learned
helplessness effect (onecombination in Experiment 1and
two combinations in Experiment 3) have in commonthat
the test response manipulandum was present during
pretreatment and the pretreatment manipulandum was ab
sent during testing. The learned helplessness effect un
der these conditions was confirmed in Experiment 4.

Under certain circumstances (e.g., rats housed 1 per
cage in Experiment 2), these two requirements were met,
yet the criterion for the learned helplessness effect was
not met since only I of the 4 Y rats was debilitated. This
result may have occurred because of the limited power
of 4 subjectsper group. Nonetheless, if all the conditions
in Experiments 1 to 3 that include key present and bar
absent are combined, 50% of the Y rats showeddebilita
tion (i.e., were poorest in their set) on the total NP mea
sure, and 46% showed debilitation on the days to crite
rion measure. These resultsare not significantly different
from the 60% of Y rats showing the effect in Experi
ment 4 (Xl < 1). Thus, overall under the conditions of
key present and bar absent, the learned helplessness ef
fect is supported.

33.4 2.3 825
23.7 3.5 1999
40.7 2.6 1123
63.4 1.9 656

M NPs, M Days Latency
Day I to Criterion NPI to NP5 (in sec)

RC
y
MC
NC

Group

Latency from Nose Poke 1 to Nose Poke 5
The marked divergence of these data from the normal

distribution was substantially reduced by a log transfor
mation. Consequently, all statisticaltests were conducted
on the log-transformed data. The planned comparisons
of the Y group with each other group revealed a signifi
cant differenceonly in the comparisonwith the NC group
(t = 2.95, p < .01). Althoughthe means were again in
the predicteddirection (see Table 2), the Y group did not
differ from the RC or the MC groups (1 = 1.42 and 1.17,
respectively).

Total Nose Pokes on Test Session 1
Although the means on this measure were in the

predicted direction (see Table 2), the Y group differed
significantly from the NC group (1 = 2.53, p < .025),
but not from the RC (1 = 0.88) or the MC (1 = 0.28)
groups.

1 = 2.26, p < .05; Y vs. MC, 1 = 1.96, p < .05; Y
vs. NC, 1 = 3.49, p < .(05). These results support the
occurrence of the learned helplessnesseffect. The mean
numbers of days to criterion are presented in Table 2.

Table 3
Summary of the Pretreatment and Test Conditions Examined in Experiments 1 to 3

Test Noncontingent
Manipulandum Housing: Food

(Nose-Poke Key) Reinforcement Number Deliveries
During During Per During

Pretreatment Pretreatment Cage Testing

Pretreatment Manipulandum (Bar)
During Testing

Absent Present

Experiment I Experiment I
Experiment I Experiment It
Experiment I** Experiment I
Experiment I Experiment I

Experiment 2t
Experiment 2

Absent Continuous 3 Absent
Absent Partial 3 Absent
Present Continuous 3 Absent
Present Partial 3 Absent
Absent Continuous I Absent
Absent Partial I Absent
Present Continuous I Absent Experiment 2
Present Partial I Absent Experiment 2
Present Continuous 3 Present Experiment 3* Experiment 3
Present Partial 3 Present Experiment 3* Experiment 3

*Conditions under which the learned helplessness effect occurred. tconditions under which the Y group was facili-
tated. tThe interference effect under these conditions was confirmed in Experiment 4.
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Two combinations of conditions yielded the opposite
result: a facilitation effect in the Y group. These condi
tions have in common conditions opposite those produc
ingthe learned helplessness effect; that is, thetest response
manipulandum was absent during pretreatment and the
pretreatment response manipulandum waspresentduring
testing. In addition, the facilitation effect occurred only
after lower reinforcement density during pretreatment
created by partial reinforcement of the RC group. This
facilitation effect may have been due to the Y group's
receiving, in effect, moremagazine trainingthan the MC
or NC groups: the Y group received 1,080 single pellet
deliveries comparedwith 100deliveries for the MC and
NC groups. Of course, the use of more trials for the MC
and NC groups may risk exposureto uncontrollability in
these controls. Because the RC group (as well as the Y
group) received 1,080 deliveries, a similar facilitation
shouldhaveoccurred in the RCgroup. However, thecon
ditions under which the Y group was facilitated always
includedthe presenceof the bar duringtesting.Thus, the
RC group mayhavesuffered fromtheeffects of the com
peting barpress response. The factthat the facilitation ef
fect is observed only after the lower reinforcement den
sity afforded by the partial reinforcement condition is
consistent withthisexplanation. UnderCRF, the Y group
often did not eat the pelletsat the rate at which they oc
curred. Thus, a build-up of pelletsoccurred in the food
cup. This may have reduced the efficiency of the poten
tial magazine training.

The finding that the presence of the test response
manipulandum is conducive to the occurrence of the
learned helplessness effect is consistent with the learned
helplessness theory. Maier and Seligman (1976, p. 8;
Maier & Testa, 1975) suggested that in the test stagethe
response-outcome contingency mustnot be obvious to the
subject if the effect is to be observed. If the response is
of very highprobability, then the subjectwill be exposed
to the response-outcome contingency quickly and regu
larly, making the contingency obvious. The procedureof
preexposing the test manipulandum had the effect of
greatly reducing the initialprobability of the test response,
thus reducing exposure to the contingency.

It is noteworthy that the apparently inconsistent find
ings of previous research in the appetitive situation may
be accounted for in terms of the above factors. For ex
ample, employing both the conditions observed here to
be conducive to the occurrence of the effect, Enberg et
al. (1972)observedthe helplessness effect, whileOakes
et al. (1982) foundevidence for the learnedhelplessness
effectemploying oneof the twosuggested conditions: the
pretreatmentresponse was not available during the test.
On the other hand, Welker (1976, Experiment 1) and
Wheatley et al. (1977, erratum 1978) did not observe a
lasting helplessness effect; in both cases, the conditions
used were thoseobservedin the present series of experi
ments to be the least likely to produce the effect: partial
reinforcement during pretreatment, test response
manipulandum absentduringpretreatment,and pretreat-

ment response available during testing. Schwartz et al.
(1974) also failed to observethe learnedhelplessness ef
fect; they also employed partial reinforcement during
pretreatment and the test response was not available dur
ing pretreatment. Schwartz et al. includedtwo groupsof
RC subjects; for one group the pretreatment response
manipulandum was present during testing, and for the
other group it was absent. They foundthat the RC group
without the manipulandum duringtesting was superiorto
the other RC group on the test task, further supporting
the presentresults. Thepresentanalysis cannotbe applied
to other relevant studies, sinceother studiesdid not em
ploy a RC group (Beatty & Maki, 1979; Welker, 1976,
Experiment 2) or they employed discrete trial situations
(Bainbridge, 1973; Calef et al., 1984; Job, 1987a).

The effectof the absenceof the bar during testingmay
be partly artifactual. The absenceof the baravoidedthe
pretreatment response'sinterfering withtest performance
in theRCgroup. Theabsence of thebaralsoallowed more
NP responding in the NCgroup. This is predictable from
consideration of the bar and the NP key as salient, novel
features of the test situation for the NC group, whose
responding may have been diverted from the key if the
barwaspresent. Theabsence of the pretreatment response
manipulandum alsoappearsto havereducedNP respond
ing in the Y group. Although the reasons for this effect
are not obvious, the following speculative explanation is
available: The Y subjects usually pressed the bar several
times in a pretreatment session. While the bar was not
connected to the food magazine, it stillprovided the slight
noise of the rnicroswitch click and the bar movedunder
the pressureappliedby the rat. Thus, the movement and
noise of thebarweretheonlyenvironmental consequences
over which the Y rats had control. It may be speculated
that, for this reason, the presenceof the bar during test
ingprovided stimulus components related to behavior with
controllable environmental consequences. Thus, the
removalof the bar during testing left the Y rats with no
stimuli associated with even minimal control. This may
have increased the strength of the helplessness effect.

The learnedhelplessness effectproduced in the present
experiments did not involve the complete failure to" learn
sometimes observed in the aversive situation. This is typi
cal of debilitation observed in the appetitive situation.
Although the Y group took significantly more sessions
to learn the test response, they did eventually learn. One
difference betweenthe aversiveand the usual appetitive
test situation is the occurrence of response-independent
reinforcement in the aversive situation. When shock is
used in the test, shock offset reinforcement must occur
at the end of the trial, which typically lasts 20 to 60 sec.
However, when this effect is reproduced in the appeti
tive situation by introducing response-independent food
deliveries, a failure to learn was still not observed (Ex
periment3). Nonetheless, the apparent failureto learn in
the aversive situation is observed under conditions that
allowless opportunity for learning thanis allowedin the
appetitive situation. Typically, 30 or fewer trials of 20-



to 6O-sec duration are employed (e.g., Brown & Dixon,
1983;Glazer& Weiss, 1976;Kelsey, 1977;Maieret al.,
1973; Maier & Seligman, 1976, p. 36; Seligman &
Beagley, 1975). Thus, the total amount of time available
in whichto learn to escape from the shockmayvary from
as little as 6 min, 40 sec (Brown & Dixon, 1983) to
30 min. These are, of course, overestimatesof the time
available for learning, since once the subject makes the
correct response, the shocktenninates.On the other hand,
in the present experiments the response-reinforcement
contingency is available to the subject throughout each
of the 20-min test sessions.

It is instructive to examine how many subjects in the
present experimentswould show evidence of a failure to
learn if the testsessions' timewaslimitedto thetimeavail
able in aversive situation tests. For this purpose, failure
to learn has been defined as making five or fewer
responses in a session. This criterion is consistent with
the observationthat helplessness subjectsdo occasionally
respond but may not learn from the exposure to the
response-reinforcercontingency. Of the lOY subjects in
Experiment 4, 9 would show a failure to learn in 6 min,
40 sec of testing; 6 would show a failure to learn in
20 min, and 4 would still show a failure to learn after
30 min. Thus, when test time is equated in this manner,
the learned helplessness effect in the appetitivesituation
becomesmore similar to the effect observed in the aver
sive situation.

A notableexceptionto the limitedshockexposure dur
ing testing is the experiment reported by Maier (1970):
Maier conducted 130 test trials of a maximumduration
of 60 sec (10 sec of CS and 50 sec ofshock). Duringthis
extensive testing, 5 of the 10inescapable shockdogs failed
to learn test task escaping on less than 3 trials on aver
age. The effect observed in the present study was not as
persistent as that reported by Maier. Although 3 of the
14 relevant rats took more than 60 min oftesting to per
form five responses, none failed for as long as 130 min.

An importantdifference between the learned helpless
ness effects observedin the appetitiveand aversive situa
tionsoccurs in the form of contextsimilarity. In the aver
sive situation, the pretreatmentand test contextstypically
differ markedly. With dogs, pretreatment may occur in
a harnesswhiletestingis conducted in a shuttlebox (Maier
& Seligman, 1976,pp. 7-8). Rats may be givenpretreat
ment with tailshock in restrictive wheel-tum boxes, and
then tested in shuttleboxes or swimming tests (Irwin,
Suissa, & Anisman, 1980; Weiss et aI., 1981). On the
other hand, appetitive learned helplessness experiments
have often involved similar pretreatment and test situa
tions, as in the present series. Tomie, Murphy, Fath, and
Jackson(1980) examined the effectof noncontingent food
deliveries on subsequent autoshaping. They found that
autoshaping was retarded only in a context very similar
to the pretreatmentcontext. This differencemay account
for possibledifferences in the strengthsof the effects ob
served, since the more novel test contexts in the aversive
paradigms may generate fear-related responses through

INTERFERENCE AND FACILITATION 459

neophobia. However, it is noteworthy that appetitive
learned helplessness has recently been supported in quite
different pretreatment andtest contexts: Skinnerboxoper
ant pretreatment followed by discrete trial T-maze test
ing (Job, 1987a).

Any apparent difference between the strength of the
learned helplessness effect in the appetitiveand aversive
situationsmayalso be accountedfor in terms of prior ex
perience. Rats and dogs have not been exposed to shock
prior to the learned helplessness manipulation, whereas
the rats used in the present study and others have typi
cally been exposed to food for around 100 days prior to
these experiments. During their lives, subjectsmay have
performed various responsesthat resulted in food deliv
ery (e.g., approaching the mother, sucking, and fighting
withcage mates). Thussubjects mayhavelearnedto some
extent that the food is controllable, and so they may be
partly immunized against the effects of uncontrollability
in relation to food.
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