
Superstition: A Matter of Bias, Not Detectability 

Abstract. Pigeons discriminated between stimulus changes dependent on their 
pecking and stimulus changes occurring independently of their behavior. Their per- 
formance was accurate, and when the payoffs for "hits" and "correct rejections" 
were varied, their response bias varied in a fashion similar to that of human observ- 
ers detecting signals in a background of noise. 

Many animals, when fed periodically, 
will engage in stereotyped patterns of be- 
havior that have little apparent relation 
to the acquisition of food. Skinner (1) 
noted that such experiments "might be 
said to demonstrate a sort of supersti- 
tion. The bird behaves as if there were a 
causal relation between its behavior and 
the presentation of food, although such a 
relation is lacking." Skinner suggested 
that the accidental coincidence of any 
behavior with food would increase its 

probability; the ensuing feedback loop 
might perpetuate one or several behavior 
rituals indefinitely. That explanation 
depends on automatic reinforcement 
through temporal contiguity-a principle 
known as the "Law of Effect." How- 
ever, Staddon and Simmelhag (2) repli- 
cated Skinner's experiment and found 
that many of the stereotyped behavior 
patterns were never contiguous with re- 
inforcement-the law of effect could not 
account for them. Staddon and Simmel- 
hag hypothesized that these "interim" 
behaviors were elicited by the periodic 
feeding, and formed a pool of behaviors 
from which some might be selected and 
strengthened by a law of effect mecha- 
nism. 

One of the reasons for belief in the law 
of effect, despite such limitations, is its 
consistency with traditional criteria for 
causality: contiguity in space, prece- 
dence in time, and logical necessity. 
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Fig. 1. Receiver operating characteristics for 
the four subjects. P(hit) is the proportion of 
times that a pigeon indicated "yes" when a 
stimulus-change was response-contingent; 
P (false alarm) is the proportion of times that 
a pigeon indicated "yes" when a stimulus 
change was computer-contingent. 

When reinforcement is arranged by ex- 
perimenters, all of these criteria are usu- 

ally satisfied. When spatial contiguity is 
varied, strong "sign-tracking" effects (3) 
affirm the importance of physical prox- 
imity to reinforcers or signs of them. 
When precedence in time is varied, steep 
delay of reinforcement gradients are of- 
ten found, attesting to the importance of 
temporal contiguity (4). When logical ne- 
cessity is reduced to contingent probabil- 
ity and then varied, the strength of con- 
ditioning varies with it (5). These find- 

ings suggest that the nature of learning 
has evolved to keep animals en rapport 
with the causal structure of their envi- 
ronments. 

Yet the putative existence of supersti- 
tions suggests a gross breakdown in an 
organism's ability to detect causality. In 
the present experiment, I asked whether 
animals are as badly off as Skinner's 
analysis suggests, or whether the ritual- 
istic behaviors he and Staddon and Sim- 
melhag noted can all be ascribed to "hy- 
pothesis testing" elicited by food. The 
distinction hinges on the ability to sepa- 
rate the organism's sensitivity to behav- 
ior-environment correlations from its 
willingness to act on those discrimina- 
tions. For humans, when the stakes are 
high (for example, rain after a lengthy 
drought) or the response cost low (for 
example, carrying a charm) superstitions 
are understandable, often having as 
much the character of "playing a long 
shot" as of being duped by a coincidence 
of nature. Do animals share a similar rel- 
ativity of judgment about causality? 

Let us consider the following experi- 
ment: A pigeon pecks a central white 
disk, with each peck having a probability 
of .05 of darkening that disk and illumi- 
nating two side disks. While the pigeon is 
pecking the center disk, a computer is 
generating "pseudo-pecks" at the same 
rate (6), with each pseudo-peck also hav- 
ing a probability of .05 of extinguishing 
the center disks and lighting the side 
disks. It is the pigeon's task to decide 
whether the stimulus change was caused 
by his last peck on the center disk, or 
whether it was independent of that peck. 
He votes by responding on the side 
disks, right for "response dependent" 
and left for "response independent." A 
correct decision is rewarded with food, 
an incorrect one punished with a brief 

time out. The data from such signal- 
detection tasks are typically arrayed in 
a two-by-two conditional probability 
matrix, with the probability of a signal 
(response-dependent stimulus change) 
along one margin and the probability of 
voting "signal" along the other (7). We 
focus on two cells of the matrix: the 
probability of saying "signal" given that 
a signal occurred (hits) and the probabil- 
ity of saying "signal" given that no sig- 
nal occurred (false alarms). 

When operating near the limit of dis- 
criminability, an organism may increase 
its percentage of hits only by also in- 
creasing its percentage of false alarms; 
conversely, when more conservatively 
motivated, the organism may decrease 
its percentage of false alarms but only 
with a corresponding decrease in the per- 
centage of hits. These relations are por- 
trayed by plotting one percentage against 
the other along a curve called a receiver 
operating characteristic, or ROC curve 
(see Fig. 1). The most discriminable sig- 
nals and the most sensitive observers 
generate curves that lie close to the up- 
per left corner, where the probability of a 
hit, P (hit), = 1 and P (false alarm) = 0. 
Discriminability may be measured by the 
percentage of the unit area under the 
curve; the closer the curve lies to the up- 
per left corner, the more discriminable 
the signal and the more acute the observ- 
er. Motivational variables are measured 
by the distance of the data from the nega- 
tive diagonal; as the subject becomes 
more highly motivated to indicate 
"yes," the data follow the curve toward 
the upper right corner (8). 

Four pigeons were trained in this para- 
digm and were given unequal amounts 
of food for correct responses to the left 
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Fig. 2. The probability of a false alarm as a 
function of the time elapsing between a re- 
sponse and a subsequent noncontingent stim- 
ulus change, averaged over subjects. The pa- 
rameter is the amount of reward (eating time, 
in seconds) for a correct "yes" response. 
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and right disks. Each made approximate- 
ly 1500 choices at each of four payoff ra- 
tios, and data from the last 500 choices 
were used in the subsequent calcu- 
lations. Figure 1 shows that the pigeons' 
behavior is well captured by an ROC 
analysis: As the payoff for indicating 
"caused" increased from 1.8 seconds of 
eating time to 3.8 seconds, the probabili- 
ty of saying "caused" increased for all 
birds, resulting in both a higher hit rate 
and a higher false-alarm rate. Under all 
conditions sensitivity to the contin- 
gencies was high, with the birds being 
correct on about 80 percent of the tri- 
als-about the same percentage as that 
scored by humans watching them. Most 
of the false alarms occurred when a re- 
sponse-independent stimulus change oc- 
curred within 0.5 (subject 2) to 2.0 (sub-, 
ject 4) seconds of a response. In Fig. 2, 
false alarms are averaged over subjects 
and plotted against delay. The gradients 
are steep, approximately parallel, and 
elevated as a function of the amount of 
reinforcement for a "caused" response. 
These brief temporal limits for the attri- 
bution of causality are consistent with 
other estimates, even though organisms 
may hold some stimuli, such as novel 
foods, responsible for malaise occurring 
hours later (4). Whether the limits are 
relatively fixed, with a few notable ex- 
ceptions, or whether they are a continu- 
ous function of both the ponderousness 
of the response and the salience of the 
resulting stimulus change, are questions 
that may be addressed with the present 
experimental paradigm (9). 

Within the above limits of sensitivity, 
the animals maximized their reinforce- 
ment by biasing their responses as a 
function of the relative payoff. Table 1 
shows the bias with a measure (B) that 
ranges from +100 (all signals are per- 
ceived to be caused) to -100 (all signals 
are perceived to be independent of be- 
havior). In the present experiment, B 
ranged from +95 to -50, indicating a 
large responsivity in the allocation of 
votes. The measure of sensitivity, A, re- 
mained constant over experimental con- 
ditions (right column of Table 1), and 
varied slightly between subjects. 

Although I chose a decision-theoretic 
framework for the present experiments, 
the data are relevant to both more behav- 
ioristic analyses and more cognitive phe- 
nomena. The data may be replotted as 
the log ratio of "caused" to "uncaused" 
decisions versus the log ratio of amount 
of reward (seconds of access per session, 
the product of hopper time, and number 
of hopper operations) for the two deci- 
sions. Figure 3 shows that the data fall 
along a straight line, a finding consistent 
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Table 1. Detectability (A) and bias (B) indices for each subject at each reinforcement condition. 
Values for Ry and RN indicate the amount of food contingent on "yes" and "no" responses. 
Positive values of B indicate the attribution of causality to an internal locus. Values of A esti- 
mating the percentage correct that would be obtained in a bias-free paradigm were relatively 
constant at about 85 percent. 

B 
RY RN A 

1 2 3 4 

3.8 1.8 +95 +86 +80 +65 86 
2.8 2.8 +33 +75 + 1 + 12 86 
2.3 3.3 +18 - 7 -12 -16 85 
1.8 3.8 -20 -50 -20 -39 84 

with the effects of motivational variables 
on choice behavior in traditional animal 
learning paradigms, where there is no 
ambiguity or uncertainty about the signal 
(10). The present research is also related 
to Rotter's work on the attribution of 
causality to internal versus external loci 
by humans (11). 

Hume (12) held that knowledge of 
cause and effect arose from experience, 
not reason, and in animals other than hu- 
mans was augmented by instinct. Rein- 
forcement was a factor neither in reason- 
ing nor in the perception of causation, 
upon which that reasoning was based, 
but biased judgment subsequently, "af- 
ter all circumstances and relations are 
laid before us" (12, p. 294). By these 
words Hume is associated with the 
school of "threshold psychophysicists," 
who hold that motivational variables af- 
fect a judgmental stage subsequent to 
perception (13). Unlike many of Hume's 
speculations, this may be testable. If pi- 
geons first discriminate either "causal- 
ity" or its absence and then bias their 
choice as a function of the payoff, the 
data in Fig. 1 should fall along two 
straight lines, one originating from (0, 0) 
and intersectirtg with one originating 
from (1, 1). If, however, there is a con- 
tinuous interaction between motivation 
and perception-then the data should fall 
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Fig. 3. The ratio of "yes" to "no" responses 
as a function of the ratio of reinforcements 
(seconds eating time per session) for those de- 
cisions, plotted on logarithmically spaced 
axes. The positive intercept of the regression 
line (log y = .58 log x + .075) indicates a 
slight bias toward internal locus of control. 

along one of a variety of smooth curves. 
The present data seem to favor the latter 
alternative, although a statistically ade- 
quate decision between the two requires 
a large data base (14). 

These data indicate that pigeons are 
accurate in their perception of contin- 
gencies between behavior and environ- 
ment, and that the discrimination in the 
present experiments was probably based 
on the delay between a response and its 
effects. Superstitions arise not from fail- 
ures of discrimination but from biases 
due to differential reinforcement and, 
perhaps, instinctive predispositions. 
Viewed in this light, flexible criteria for 
attribution of causality, which may often 
promote superstitious behaviors, are 
more adaptive than fixed criteria that 
cannot shift to optimize expected payoff. 

PETER R. KILLEEN 

Department of Psychology, 
Arizona State University, Tempe 85281 
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Phenobarbital: Effects of Long-Term Administration 

on Behavior and Brain of Artificially Reared Rats 

Abstract. Two doses of phenobarbital were given daily for 2 weeks to infant rats 

fed by intragastric cannulas. The larger dose (60 milligrams per kilogram of body 
weight) resulted in decreased spontaneous activity and increased responses to novel 
stimuli. The smaller dose (15 milligrams per kilogram) resulted in increased spon- 
taneous activity and also an increase of responses to novel stimuli. The larger dose 
produced a 12 percent reduction in brain growth, while the smaller dose was asso- 
ciated with a 3 percent reduction in brain growth. 
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The rapid growth the brain undergoes 
early in its development causes it to be 
vulnerable to exogenous insults (1). Al- 

though a number of centrally acting 
drugs are commonly used for treating hu- 
man infants, there is little experimental 
information regarding the effects of such 
drugs on brain or behavioral devel- 
opment. 

Exposure to drugs during infancy in 
laboratory animals has been shown to re- 
sult in behavior and brain alterations lat- 
er in life (2, 3). Drug-induced under- 
nutrition, however, often accompanies 
neonatal drug treatments, and since 
early undernutrition itself causes behav- 
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ioral changes (4), it is difficult to interpret 
these studies. The purpose of the study 
described here was to examine directly 
the developmental effects of phenobarbi- 
tal administered chronically during in- 
fancy to artificially reared pups. 

Male Wistar rats (4 to 5 days old) were 
selected for body weight within a range 
of 6 to 11 g. The animals (N = 46) were 
lightly anesthetized with ether, and intra- 
gastric cannulas were permanently im- 
planted by means of a technique similar 
to that refined by Hall (5). Once the can- 
nulas were implanted, the pups were 
placed in circular plastic dessert cups (12 
cm in diameter and 8 cm deep), which 
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Table 1. Effects of phenobarbital on brain growth. Data are expressed as means + standard 
error. Weights are expressed in grams. 

Low doses of phenobarbital High doses of phenobarbital 
(15 mg/kg) (60 mg/kg) 

Differ- Differ- 
Tissue e ence 

weighed Cnrl Experi enceperi- weighed Control pe from Control Exper- from 
mental mental 

(N = 7) con- (N = 12) con- 
(N 12) trol (N 15) trol 

(%) (%) 

Body 32.1 + 1.7 30.7 + 2.7 -4 34.2 + 2.9 33.8 + 2.4 -1 
Brain* 1.34 + 0.05 1.101 + 0.07 -3 1.213 + 0.05 1.077 + 0.061 -12 
Cerebrum 0.831 + 0.03 0.820 + 0.05 -1 0.907 + 0.04 0.808 + 0.041 -11 
Cerebellum 0.146 + 0.01 0.144 + 0.01 -1 0.160 + 0.01 0.147 + 0.01t -9 

*The brainstem is included. tP < .01, t-test. 
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floated in a warm water bath (40?C). The 
cannulas were connected to syringes 
filled with milk formula (5) and mounted 
on an infusion pump (5). The room that 
housed the water bath was on a 12-hour 
reverse light cycle. Every morning the 
animals were disconnected from the 
pumps, the syringes were washed and re- 
filled, and the cannulas were flushed with 
saline. Each plastic washer securing the 
cannula at the stomach was checked and 
loosened whenever necessary to ac- 
commodate the animal's growth. 

On day 5, the pups were assigned by 
weight to control and experimental 
groups, and for the next 13 days the ex- 
perimental group (N = 27) received dai- 
ly subcutaneous injections of phenobar- 
bital, while the control group (N = 19) 
received subcutaneous injections of the 
vehicle. In the first of two studies, the 
experimental group (N = 15) received 
"high" doses (60 mg/kg) of phenobarbi- 
tal; in the second study, the experimen- 
tal group (N = 12) received "low" doses 
(15 mg/kg) of phenobarbital. Immediate- 
ly after the injections, the animals were 
placed back in their cups and returned to 
the water bath. All the cannulas were re- 
connected to the infusion pump at least 1 
hour after the last injection and the pump 
speed was adjusted to infuse approxi- 
mately 0.5 ml more milk formula than 
the previous day. 

At 18 or 19 days of age, all the animals 
were tested in a circular open field enclo- 
sure (60 cm in diameter) with the floor 
divided into 10-cm squares. Each animal 
was gently placed in the center of the 
field and immediately covered with a 
plastic cup (12 cm in diameter, 8 cm 
deep). After 10 seconds, this cup was 
lifted and the number of locomotions- 
that is, squares centered (both forepaws 
placed into an adjacent square), and the 
time spent rearing (both forepaws off the 
floor)-was recorded by two trained ob- 
servers, one of whom was unaware of 
the animal's group assignment. The first 
5 minutes of the test were conducted un- 
der dim illumination (one overhead fil- 
tered fluorescent light) with a masking 
white noise present (approximately 45 
db). After 5 minutes, intermittent flash- 
ing lights (one overhead 75-watt bulb) 
and noises (two electromagnetic relays 
clicking on and off quickly, resembling 
teeth chattering) were present for an ad- 
ditional minute. 

After the last animal was tested in the 
open field, all the animals were decapi- 

floated in a warm water bath (40?C). The 
cannulas were connected to syringes 
filled with milk formula (5) and mounted 
on an infusion pump (5). The room that 
housed the water bath was on a 12-hour 
reverse light cycle. Every morning the 
animals were disconnected from the 
pumps, the syringes were washed and re- 
filled, and the cannulas were flushed with 
saline. Each plastic washer securing the 
cannula at the stomach was checked and 
loosened whenever necessary to ac- 
commodate the animal's growth. 

On day 5, the pups were assigned by 
weight to control and experimental 
groups, and for the next 13 days the ex- 
perimental group (N = 27) received dai- 
ly subcutaneous injections of phenobar- 
bital, while the control group (N = 19) 
received subcutaneous injections of the 
vehicle. In the first of two studies, the 
experimental group (N = 15) received 
"high" doses (60 mg/kg) of phenobarbi- 
tal; in the second study, the experimen- 
tal group (N = 12) received "low" doses 
(15 mg/kg) of phenobarbital. Immediate- 
ly after the injections, the animals were 
placed back in their cups and returned to 
the water bath. All the cannulas were re- 
connected to the infusion pump at least 1 
hour after the last injection and the pump 
speed was adjusted to infuse approxi- 
mately 0.5 ml more milk formula than 
the previous day. 

At 18 or 19 days of age, all the animals 
were tested in a circular open field enclo- 
sure (60 cm in diameter) with the floor 
divided into 10-cm squares. Each animal 
was gently placed in the center of the 
field and immediately covered with a 
plastic cup (12 cm in diameter, 8 cm 
deep). After 10 seconds, this cup was 
lifted and the number of locomotions- 
that is, squares centered (both forepaws 
placed into an adjacent square), and the 
time spent rearing (both forepaws off the 
floor)-was recorded by two trained ob- 
servers, one of whom was unaware of 
the animal's group assignment. The first 
5 minutes of the test were conducted un- 
der dim illumination (one overhead fil- 
tered fluorescent light) with a masking 
white noise present (approximately 45 
db). After 5 minutes, intermittent flash- 
ing lights (one overhead 75-watt bulb) 
and noises (two electromagnetic relays 
clicking on and off quickly, resembling 
teeth chattering) were present for an ad- 
ditional minute. 

After the last animal was tested in the 
open field, all the animals were decapi- 
tated and their brains were quickly re- 
moved. The cerebellum was separated 
and weighed, and the remaining brain 
sample was divided by a transcollicular 
cut into cerebrum and brainstem and 
weighed. At the time of decapitation, 
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