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Loss of controllability in appetitive situations
interferes with subsequent learning

in aversive situations

AKIHITO SONODA, TAKAHffiO OKAYASU, and HISASHI HIRAI
Sophia Uniuersity, Tokyo, Japan

In two experiments, we examined whether or not a loss of control over food availability would
interfere with subsequent two-way shuttle-escape learning. Rats that had experienced loss of con
trol over food delivery were impaired in their acquisition of a shuttle-escape response, relative
to the response-contingent and the continuous-reinforcement control rats (in Experiments 1 and
2) and to the lack-of-control and home cage control rats (in Experiment 2). Rats that had received
noncontingent food delivery without a prior history of control over food exhibited poorer perfor
mance than did the home cage control rats. Moreover, loss of control resulted in a larger interfer
ence effect than did lack of control, supporting the view that the learning of response-outcome
noncontingency is the main determinant of the interference effect.

Since Overmier and Seligman (1967; Seligman &
Maier, 1967) found that exposure to inescapable shock
interferes with later learning, many studies of this effect
have been conducted. It hasbeen termed the leamed help
lessness effect (Seligman, 1975) or the interference effect
(Glazer & Weiss, 1976a, 1976b). The learned helpless
ness theory (Maier & Seligman, 1976; Seligman, 1975)
explains that this effect arises from the leaming of
uncontrollability-that outcomes are independent of
responses. This type of learning may cause motivational,
associative, and emotional deficits. The learned helpless
ness theory has also been termed a "cognitive theory"
by its proponents (Maier & Seligman, 1976).

Three prominent, alternative hypotheses about this phe
nomenon exist. These are the competing motor response
hypothesis (Levis, 1976; Glazer & Weiss, 19700, 1976b),
the fear hypothesis (Jackson & Minor, 1988; Minor &
LoLordo, 1984), and the norepinephrine-depletion hypoth
esis (Anisman, 1975; Weiss et al., 1981). The competing
motor response hypothesis states that during an inescap
able shock, inactivity is associated with and reinforced
by the shock offset, and that activity is consequently re
duced during the test task, which requires active responses
to escape from shock. The fear hypothesis states that a
high level of fear induced by inescapable shock might be
responsible for behavioral deficits. The norepinephrine
depletion hypothesis states that the stress of uncontrollable
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shock causes a depletion of norepinephrine, which results
in an inability to produce motor responses required for
the task at band.

Until now, many researchers have found evidence in
support of the learned helplessness theories by using ap
petitive test tasks (plonsky, Warren, & Rosellini, 1984;
Rosellini, 1978; Rosellini & DeCola, 1981; Rosellini, De
Cola, & Shapiro, 1982). For example, Rosellini et al.
(1982) found that exposure to inescapable shock interferes
with subsequent nose-poke discrimination acquisition in
appetitive situations, but not with the activity itself. This
suggests that associative factors, but not activity deficits,
cause the interference effects. Sonoda (1990) also found
the interfering effects of exposure to inescapable shocks
on an appetitive barpress discrimination task. However,
some experiments have yielded a possible alternative to
appetitive helplessness (e.g., Dess, Chapman, & Minor,
1988).

The most prominent experimental paradigm support
ing the associative theory involves response-independent
food presentation in the first phase. Seligman (1975) and
Maier and Seligman (1976) have claimed that uncontrol
lability in appetitive situations may also cause interfer
ence effects. At present, interference effects arising from
response-independent food have been reported in many
studies (e.g., Calef et al., 1989; Calef, Murray, Mod
lin, Meekins, & Geller, 1981; Goodkin, 1976; Job, 1987,
1988, 1989; Oakes, Rosenblum, & Fox, 1982), but some
investigators have failed to report such an effect (Beatty
& Maki, 1979; Calefet al., 1984). It is noteworthy that
some ofthis research (e.g., Job, 1987; Oakes et al., 1982)
has not yielded motivational deficits, but rather associative
ones, in discrimination tests. These results suggest that
the interference effect is due to an associative factor.

The present study represents an attempt to determine
whether the loss of controllability in appetitive situations
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results in interference effects in aversive situations. Maier,
Seligman, and Solomon (1969) gave a probabilistic defi
nition of uncontrollability, by saying that the probability
of an outcome, given a response, must be equal to the
probability of an outcome, given no response. In many
experiments on appetitive uncontrollability, rats have been
presented with response-noncontingent food from the be
ginning of the experiment. In such cases, the yoked rats
do not perform a target response, such as a leverpress,
from the beginning of the experiment. Therefore, these
rats have not experienced their target response as adven
titiously producing food delivery and then producing no
food. The loss of controllability over an appetitive out
come, given a prior history of control, maintains the lever
press response during response-independent food pretreat
ment. Therefore, these rats experience their leverpress
response as adventitiously produeing food delivery and
then produeing no food, and they leam noncontingeney
between a target response and a food outeome.

Although some experiments with appetitive uneontrol
lability have methodologieal defeets, such as, for exarn
pie, the use ofthe same response in both the pretreatment
and the test phases (e.g., Caspy & Lubow, 1981) and the
exclusion of an untreated eontrol group (e.g., Wight &
Katzev, 1977), in the present experiment we avoided
these defects through the use of a yoked design, as weIl
as the use of different responses in the pretreatment and
test phases.

EXPERIMENT 1

Our main interest in Experiment I was whether the loss
of controllability in appetitive situations, represented by
the leaming of noneontingency between a target response
and a food outeome, produees an interferenee effeet in
an aversive situation.

Method
Subjects

Twenty-seven male naive Wistar rats, 9 weeks old (each weigh
ing approximately 280 g at the beginning ofthe study), were used
as the subjects. All the animals were housed in group cages before
the experimental sessions. Once the experimental sessions began,
they were housed individually in other cages. They were maintained
on a 12: 12-h light:dark cycle with water ad lib.

Apparatus
Three identical Skinner boxes and one shuttlebox were used. The

Skinner boxes employed in continuous reinforcement (CRF) train
ing and pretreatment consisted of achamber with clear Plexiglas
sidewalls and ceiling, stainless steel front and rear walls, and a floor
of stainless steel rods (1.6 cm center to center). Intemally, boxes
were 23.5 cm wide, 25.5 cm high, and 30.0 cm long. The front
walls had an attached food cup, 1.0 cm in diameter, located 2.5 cm
above the floor and 12.5 cm from the right sidewall. A 2-cm long,
3-cm wide stainless steel bar was located 4.0 cm from the right
sidewall, 5.5 cm above the floor. Barpresses were automatically
detected and reeorded by a personal computer PC-8801 or PC-9801,
and 45-mg food pellets (Holton Industries) were delivered by a pellet
dispenser.
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The escape test was administered in a 46 x 20 x 20 cm two
way shuttlebox consisting of clear Plexiglas sidewalls, stainless steel
end walls, and a grid floor (with rods 1.1 cm center to center). The
center of the shuttlebox contained a metal divider with a rounded
archway 9.5 cm high and 6.3 cm wide cut out of it. Scrambled shocks
(1.5 mA, peakvoltage of 40 V dc) were delivered to the grid floors
with an SGS-üOI shock generatorlscrambler (Muromachi Kikai
Co.). The experiment was controlled by a personal computer PC
8801 or PC-9801.

Procedure
The animals were placed on a 23-h food-deprivation schedule,

with access to food during I h per day, over a 5-day period prior
to the experimental session. This reduced their weight by approxi
mately 15% prior to the beginning of the experiment. The experi
ment was conducted in nine replications of triplets.

CRF training. On the Ist day ofthe experiment, in order to make
the rats acquire controllability , all were administered one CRF train
ing session in which they eamed 100 pellets by barpressing in the
Skinner box. The elapsed time to earn the pellets during this ses
sion was used for the assignment of the animals to each of the three
pretreatment conditions, in such a way that elapsed time was equal
among the groups.

Pretreatment. The rats were assigned to one of three pretreat
ment groups (n = 9 per group) in a typical leamed helplessness
triadic design that included the response-contingent group, the loss
of-control group, and the CRF control group. The response
contingent group could earn a food pellet by barpressing on a fixed
ratio (FR) 5 schedule on the 2nd day of the experiment, and on
an FR20 on the 3rd day. The rats were allowed to earn 100 pellets
per day. The loss-of-controllability group was yoked to the response
contingent group and thus received pellets at the same time as the
response-contingent rats did, except that the pe!let delivery was in
dependent of the yoked-noncontingent animals ' behavior. The CRF
control group was not adrninistered apretreatment, but 100 pellets,
the same number as would be earned by the response-contingent
group, were presented en masse on a plate in their horne cage at
the same time as the other groups had the pretreatment session.

Test. On the 4th day ofthe experiment, all rats were tested with
the two-crossing (FR2) shuttle-escape task. A 1.5-mA shock was
delivered until rats crossed the shuttlebox twice. If the rats failed
to escape within 60 sec after the shock onset, the trial automati
cally terminated and a 6O-sec latency was recorded. The intertrial
interval bad a mean of 40 sec, with a range between 20 and 60 sec.
Fifty trials of the escape task were administered.

Results and Discussion
CRF Training

The mean elapsed times to eompletion of CRF training
and the standard deviations for the response-eontingent,
the loss-of-controllability, and the CRF eontrol groups
were 135.7 (SD = 138.3), 179.6 (SD = 109.5), and
103.3 (SD = 112.2) min, respectively. An analysis of
variance (ANOVA) revealed no differenees between the
groups.

CRF and Pretreatment
The mean number of responses during the last 5 min

is shown in Figure 1 for each treatment (CRF, FR5, and
FR20). The number of responses during the last 5 min
may refleet the effects of eaeh treatment. An ANOVA
revealed reliable effeets of groups [F(l, 16) = 73.72,
P < .01] and treatment [F(2,32) = 20.84, P < .01], and
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234 5

Blocks of 10 trials

Figure 2. Mean shuttlebox escape latencies across blocks or 10
trials.

Figure 1. Mean number or responses during the last 5 min on the
CRF, FRS, and FR20 sessions.

The present experiment was conducted to examine the
problems noted above by adding the following two groups:
a lack-of-controllability group, which received yoked
noncontingent food in the experimental room given no
prior contingent FRI training, and ahorne cage control
group, which received a pile of pellets in the horne cage
on the FRI day as well as on the FR5 and FR20 days.

Subjects
The subjects were 40 rats of the same age, sex, and strain as in

Experiment I. Housing conditions were also identical to those of
the preceding experiment, except that the rats were housed in group
cages throughout the experimental sessions.

Method

Apparatus
The apparatus was the same as that in Experiment I, except that

the shock intensity during the shuttle escape test was 1.2 mA.

CRF Training
The mean elapsed time to completion of CRF training

and the standard deviation for the response-contingent,

EXPERIMENT 2

Results

Procedure
The deprivation schedule was identical to that in Experiment I.
Shaping and CRF training. The rats were randomly assigned

to one of five groups. The response-contingent, the loss-of
controllability, and the CRF control groups were shaped to the lever
press response in a Skinner box with 50 pellets. On the next day,
these rats were administered one CRF training session according
to the same procedure as that used in Experiment 1. The lack-of
controllability and the horne cage control groups consumed 50 pellets
on the Ist day and 100 pellets on the 2nd day, which were presented
en masse on a plate in the horne cages.

Pretreatment. On the next 2 days, the response-eontingent group
was administered FR5 and FR20 schedules as in Experiment I. The
loss-of-controllability group and the lack-of-controllability group
were yoked to the response-contingent group. The CRF control
group and the horne cage control group were presented with 100
pellets en masse on a plate in the horne cages.

Test. On the 5th day ofthe experiment, all ofthe rats were tested
in the shuttle escape task. The testing procedure was identical to
that used in Experiment I.

fect, comparable to the effects of exposure to uncontrol
lability in an aversive situation. We suggest that this effect
is due to the learning of response-outcome noncontin
gency through loss of control. However, a direct com
parison between the effect of noncontingency through loss
of control and the effect of noncontingency through lack
of control, given no prior history of control, was not per
formed. Furthermore, it remained ambiguous whether the
difference between the contingent group and the control
group on the second block was due to mastery in the con
tingent group or to retardation in the control group, which
might have experienced some loss of control because it
received noncontingent food pellets in the horne cage after
a CRF session. Experiment 2 was designed to address
these issues.
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Test
The mean response latencies on the shuttle escape task

are shown in Figure 2 for each group across blocks of
10 trials. The loss-of-controllability rats failed to acquire
the escape response. A groups (3) x blocks (5) two-way
ANOVA, with one factor repeated, revealed reliability
in the main effects of group [F(2,24) = 22.31, P < .01]
and blocks of 10 trials [F(4,96) = 7.44, p < .01], as well
as in the interaction of groups and blocks [F(8,96) = 7.29,
P < .01]. The simple effects of block on each of three
groups were significant (p < .01). Subsequent New
man-Keuls comparisons (p < .01) showed that the loss
of-controllability group differed from the other two
groups, which did not differ from each other. Interest
ingly, subsequent Newman-Keuls comparisons also re
vealed that on the second block the response-contingent
rats were reliably faster than the control rats.

These results show that the loss of control over food
acquisition produces a cross-motivational interference ef-

a reliable interaction of these factors [F(2,32) = 58.22,
p < .01]. Tbe simple main effect of groups on the CRF
treatment was not significant, whereas allother simple
main effects, including those of groups on the FR5 and
FR20 treatments, and treatments on the contingent and
the loss-of-control groups, were significant (p < .05).
The reliable effect of treatment on the loss-of
controllability group denotes that these rats lost their con
trollability over food.
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Figure 3. Mean number 01 responses during the last 5 min on the
CRF, FRS, and FRlO sessions.

the loss-of-controllability, and the CRF control groups
were 532.0 (SD = 112.7), 602.3 (SD = 179.5), and
606.5 (SD = 205.8) sec, respectively. An ANOVA re
vealed no differences between the groups.

Pretreatment
The mean number of responses during the last 5 min

is shown in Figure 3 for each treatment (CRF, FR5, and
FR20). ANOVAs of group on the FR5 session and on
the FR 20 session were significant [F(2,21) = 90.79,
p < .01, F(2,21) = 176.35, p < .01, respectively].
ANOVAs of treatment on the response-eontingent and the
loss-of-controllability groups also were significant
[F(2,14) = 99.92,p < .01, F(2,14) = 17.28,p < .01,
respectively] .

GENERAL DISCUSSION

differed from the other four groups, and that the lack-of
controllability group differed from the horne cage con
trol group.

The present study was undertaken to explore the effects
of loss of controllability in appetitive situations on the per
formance of rats in aversive situations. The results show
that the loss of control over food produces the leaming
of response-outcome noncontingency and causes subse
quent interference effects, to an extent similar to that of
the effects of exposure to uncontrollability in an aversive
situation. Thus, these results suggest that the leaming of
response-outcome noncontingency is a major determinant
of the interference effect.

The rats with a lack of controllability showed only
minor interference effects in Experiment 2. However, it
seems that if such rats experience many sessions of non
contingent food, deleterious effects will occur. As evi
dence of this, other studies with lack of controllability
have many days of noncontingent pretreatment-for ex
ample, 8 days with 980 pellets in the Job studies (1987,
1988, 1989), and 9 days in the Oakes et al. report (1982),
while in the present experiment there were only 2 days
with a total of 200 pellets for the noncontingent phase.
This result also indicates that the loss of controllability
over food acquisition results in easier leaming of a
response-outcome noncontingency and is more effective
in producing an interference effect than is the lack of con
trollability over food.

The difference between the contingent group and the
CRF control group in Experiment 1 did not appear in Ex
periment 2; both groups exhibited the same performance
as was seen in the home cage control group. If one corn
pares both results, the difference in Experiment 1 seems
to be of the nature of a slight performance retardation in
the CRF control rats, because the performance of the con
tingent rats in Experiment 1 was the same as that seen
in the two control groups in Experiment 2. One possible
cause of this performance retardation rnight be the stress-
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are shown in Figure 4 for each group across blocks of
10 trials. A groups (5) x blocks (5) two-way ANOVA,
with one factor repeated, revealed reliability in the main
effects of groups [F(4,35) = 22.24, p < .01] and blocks
of 10 trials [F(4,140) = 5.37, p < .01], and in the in
teraction between groups and blocks [F(16,140) = 2.90,
p < .01]. Subsequent Newman-Keuls comparisons
(p < .05) showed that the loss-of-controllability group
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Figure 4. Mean shuttlebox escape latencies across blocks of 10 trials.
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ful influence of the individual housing conditions through
out the experimental session. However, further investi
gation of this possibility is needed.

One aim in the present experiment was to examine
whether the leaming of noncontingency between a target
response (leverpress) and a food outcome would result
in interference effects. The loss-of-controllability proce
dure has the benefit of making very clear the noncontin
gency between a target response and a food outcome
the target responses are maintained for the loss-of
controllability rats during the pretreatrnent session. Ifthere
is no experience of previous controllability , the noncon
tingent subject will make few, if any, target responses.
In fact, the lack-of-controllability rats made few lever
press responses during the pretreatment phase. A lever
press response by the loss-of-controllability rats was thus
sometimes followed by food, adventitiously. The impor
tant difference between the contingent rats and the loss
of-controllability rats is whether or not a food outcome
occurred when no target response was given. Food never
occurred for the response-contingent rats when no target
response was given, whereas food occurred when the loss
of-controllability rats gave no target response as weIl as
when a target response was given. Therefore, the loss
of-controllability rats lost the contingency between a tar
get response and a food outcome. Hence, the interference
effects in the present two experiments suggest that the cog
nition ofthe contingency between a response and an out
come is an important factor in goveming an organism's
behavior.

Some investigators have reported that prior control
Iability produces immunization effects (Mullins &
Winefield, 1977; Seligman, Rosellini, & Kozak, 1975;
Warren, Rosellini, Plonsky, & DeCola, 1985; Williams
& Maier, 1977). In studies showing the immunization
effect with aversive situations, initial coping responses
are never allowed to occur during inescapable shock.
In contrast, in the present study, loss of controllabil
ity discouraged the previous coping response during the
noncontingent phase. Tberefore, the organism lost con
trollability when such a coping conflict occurred. In
fact, much evidence seems to support this interpretation
(Hanson, Larson, & Snowdon, 1976; Tsuda, Ida, &
Tanaka, 1989; Tsuda, Tanaka, Nishikawa, & Hirai, 1983;
Weiss, 1971).

Cross-motivational transfer from an appetitive to an
aversive situation was confirmed in the present two ex
periments. Goodkin (1976) also found such an effect, using
response-independent food prior to nose-press escape/
avoidance. In spite of the fact that the reinforcing event
was changed from food to shock, the interference effects
were observed in this and in the present yoked-noncon
tingent rats. This fact again suggests that the interference
effects are due to the learning of response-outcome in
dependence, and it therefore supports the learned help
lessness hypothesis (Maier & Seligman, 1976; Seligman,
1975).

The present study also shows that interference occurred
when a different apparatus was used during the pretreat
ment and test situations. The pretreatrnent mainpulandum
was absent during testing, and the testing location was
absent during the pretreatment. Job (1988) showed that
the interference effect in the appetitive situation readily
occurs when subjects are preexposed to the manipulan
dum to be used in the test stage and when the manipulan
dum employed during pretreatrnent is absent from the test
stage. The present study suggests that it is not a neces
sary condition of the interference effect that the test
manipulandum be present during the pretreatment.
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