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contrast is typically observed as an increase in responding in the
unchanged component during the transition from MULT VI VI
to MULT VI EXT (Reynolds, 1961). Response rates in the VI
component of the rats trained on MULT VI EXT was not higher
than the VI rates observed in the other groups of rats. Behavioral
contrast would not, however , be expected under the se
conditions, since the removal of reinforcer delivery in the dim
component was accomplished at the beginning of the experiment
and not after exposure to a positive reinforcement schedule in
that component.
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Inferences and predictions:
Norma tive vs representative responding

R. JAMES HOLZWORTH* and MICHAEL E. DOHERTY
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Ss in an inference task were given sequences of data in a symmetric, binary bookbag-and-poker-chip
task. They responded not only with subjective probability estimates, but also which hypothesis they
considered favored. Given the same sequences in a prediction task, the same Ss made predictions of the
next-to-be-observed datum. For the latter task, differential outcomes are expected under the normative
Bayesian model and the representativeness heuristic. The representativeness heuristic, which leads to the
expectation that Ss' predictions would often run counter to the evidence, was supported.

The hypothesis that man "relies on a limited number
of heuristics which sometimes yield reasonable
judgments and sometimes lead to severe and systematic
errors [Kahneman & Tversky, 1973]" is in clear
contradistinction to the hypothesis that man can be
described as a "conservative" Bayesian (Peterson &
Beach, 1967). The latter hypothesis has come under
frequent attack as failing to account for experimental
data (e.g. , Bauer, 1973 ; Shanteau , 1970; Siovic &
Lichtenstein, 1971; Steinmann & Doherty, 1972), and
the "representativeness heuristic" (Kahneman &
Tversky, 1972 , 1973; Tversky & Kahneman, 1971), may
under certain circumstances provide explicit, a priori
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predictions which are in opposition to normative
Bayesian predictions.

Representativeness is the postulated tendency for Ss
in a judgment task to evaluate "the probability of an
uncertain event, or a sample, by the degree to which it
is: (I) similar in essential properties to its parent
population ; and (2) reflects the salient features of the
process by which it is generated [Kahneman & Tversky ,
1972 , p. 431] ." Both the Bayesian and
representativeness approaches predict the same outcome
for the usual bookbag-and-poker-chip study, which we
will term an inference procedure. In a typical inference
procedure, two potential data sources , or hypotheses,
would be specified in terms of prior probability, data
would be presented favoring -one hypothesis, and S
would be required to state the posterior probability of
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Note-B denotes BLACK stimulus card, W denotes WHITE
stimulus card.

Table I
The 16 Stimulus Sequences Used in Each of the .Two

Conditions (90-10 Condition, 70-30 Condition)

the source favored by the data. If, however, the S is
asked to make a prediction about which datum will be
observed on the next trial, and to state its probability,
the outcomes expected under Bayesian and
representativeness hypotheses are no longer the same.
Such a task will be referred to as a prediction task. Given
data in favor of one data source, the Bayesian S would
always state a probability in excess of .5 that the next
datum would also favor that source. Conversely, an S
behaving according to the representativeness heuristic
would be expected to predict that the next datum would
be such as to bring the sample proportion back into line
with the population proportion, as S understood it.
Thus, in a bookbag-and-poker-chip prediction task, one
would expect a negative recency effect according to the
representativeness heuristic (Kahneman & Tversky,
1972, p. 435), but not according to the Bayesian
hypothesis. Brickman and Pierce (I972) interpreted a
negative recency effect for a task similar to a prediction
task in terms of representativeness. Since their Ss were
instructed as to which data source to assume and which
datum to predict, Ss should have given the same
response on every trial. Those authors pointed out that
this may have placed unusual demand characteristics on
the Ss.

The present study compares Ss' behavior in an
inference task and a prediction task, both of which
require Ss to make both categorical and probabimtic
responses.

90-10 Condition

wwwwwwwww
BWBWBBBBB
BBBBBBBBB
WWWBWWWWW
BWWWWWWWW
WWWWWWWWW
WWWWWWWWW
BBBBBBBBB
BBBBBBBBB
WWWBWBWWW
BBWBBBBBB
BWWBWWWWW
BWBBBBWBB
BBBBBBBBB
BBBBBBBBB
WWWWWBWWW

70-30 Condition

BWBBWWWBW
WBBWWWBBB
BWWWBBBBB
WWBBWBWWB
WBWBWWWBW
BBBWWWBBB
WWWBWBWWW
BWBBBWWBB
BBWBWBWWW
BBWWBWWWW
BWWBBWBWW
WBWBBBBBW
WWBBBBBBB
BBWBBWWBW
BBWWBBBBW
WBWWWWWBW
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sequences used in each of two conditions, with a card at the
beginning of each sequence instructing 5 that a new sequence
was to begin. These sequences were generated randomly with the
restriction that the population proportions given Ss were
approximated by the total numbers of BLACK or WHITE cards
5 saw in the condition; they are presented in Table 1. The cards
were contained in a card holder such that a single stimulus could
be withdrawn while the remaining stimuli remained out of sight.

The sequences were drawn from one of two possible
populations, or decks of cards, the compositions of which were
given to 5 and displayed prominently on a card during the
experiment.

Design
Each 5 served in two tasks, inference and prediction, under

one of two deck compositions (also referred to as diagnosticities,
or population proportions). Ss were randomly assigned to one of
the levels of diagnosticity upon entering the experiment. Half of
the Ss were presented with 16 sequences drawn from a 90%
BLACK-I0% WHITE deck or a 10% BLACK-90% WHITE deck
(90-10 condition). The same 16 sequences, with the order
reversed such that the 16th sequence became the first, were
presented in the inference and prediction tasks. The other half of
the Ss were presented with 16 sequences drawn from a 70%
BLACK-30% WHITE deck or a 30% BLACK-70% WHITE deck
(70-30 condition). These Ss received the same sequence, in
reversed order, in each task. The sequences of stimuli in each
task were identical for all Ss under a given condition. Half of the
Ss performed the inference task in Session 1, half performed the
prediction task in Session 1.

Inference Task
The inference task was similar to the one used by Phillips and

Edwards (1966). The Ss were required to revise their prior
probabilities as to which of two hypotheses was correct, in light
of successive data. Each S was presented with 16 sequences, and
wrote on each card from which deck he believed the sequence
had come, and his estimate of subjective probability that it had
so come, P(H/D).

Prediction Task
The responses in the prediction task were the predicted color

of the next-to-be-observed card, and the subjective estimate of
that probability.

Procedure
Ss were tested individually. Each S had before him a card

bolder containing one practice sequence, 16 experimental
sequences, and a dfiplay card. Before beginning the actual
experimental triaIs in each session, S read the instructions for the
appropriate task. After reading the instructions, S was presented
a practice sequence, and pennitted to ask questions. Prior to the
rust observation, and after each of the nine stimuli, S made
either an inference or a prediction. In the prediction task, S was
instructed to predict what the 10th card "would have been."
After each response, S turned over the stimulus card and went
on to the next one.

No feedback was provided as to the accuracy of the subjective
probabiity estimates. After the nine cards in a sequence were
obsened, S began the next sequence, unti al16 were completed.

METHOD

Subjects
Thirty-two unm:rsity students reeebed $5 each fm saYing in

two I-h sessions.

Stimulus Ibtaial
Each trial, or sequence, bad nine mM computei' canis on

which either BLACK or WIllIE was printed.. Then: 1R:I1: 16

RESULTS

The typical presentation of the results of
bookbag-and-poker-chip experiments in terms of the
regression of subjective odds on Bayesian odds is
obviated by large numbers of predictiom of the less
likely datum in the prediction task. This result is not
unexpected if one regards the experiment as being
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Table 2
The Number ofCounterevidentiary Responses Made Immediately Following Runs of Varying Lengths at Each Level of s-f Except Zero

Run
s-f

Length 2 3 4 5 Total Propor tions

I 144/656 37/176 21/80 4/16 3/16 179/944 .19
2 54/192 72/240 12/32 4/16 142/480 .30
3 30/80 29/64 51/112 7/16 117/272 .43
4 16/32 13/32 17/32 46/96 .48

5-7 15/32 20/32 13/32 48/96 .50

Total 198/928 154/512 112/288 45/96 23/64 532/1888 .28
Proportions .21 .30 .39 .47 .36 .28

Not e-The denominator is the total number of possible responses in that cell and is a multiple of 16, since there were 16 Ss.

within a probability learning tradition, but it is totally
inconsistent with a Bayesian interpretation. Fully 28.2%
of the 70-30 prediction responses were counter to the
evidence; the percentages for the 70-30 inference, 90-10
prediction and 90-10 inferenc e tasks being negligible
(3 .9, 3.4 , and 0.8). Another aspect of nonoptimal
responding in the prediction condition is shown by the
percentage of subjective probabilities exceeding the
population proportion-31.5% and 15.7% in the 70-30
and 90-10 conditions, respectively . The results for the
70-30 prediction condition will be explored in detail .

The counterevidentiary revisions are expected under
the representativeness heuristi c, which implies that Ss
should show an increasing proportion of such revisions
as a function of several indices of sample composition.
Table 2 shows the proportions of counterevidentiary
revisions as a function of run length , and as a function of
the typical Bayesian parameter, s-f. Furthermore, if one
makes the simple assumption, as strongly implied by
Kahneman and Tversky (1972) , that Ss given P(H)
would probability-match in their pred ictions , then one
can make explicit predictions of when Ss should make a
counterevidentiary response. Simply put, all predictions
should be such as to bring the sample proportion closer
to the population proportion. Given this assumption,
and given the sequences shown in Table 1, 45 of the 144
predictions each S made should have been
counterevidentiary. Of these, averaging across all Ss,
37.8% were in the direction predicted by the
representativeness heuristic. Only 16.4% of the responses
not predicted to be counterevidenti ary were so.

DISCUSSION

The inference condition of the present study was like the
typ ical Bayesian stud y, except that Ss made a categorical cho ice
as well as sta ting a prob ability value. The prediction cond ition
was like a typical probabil ity learning experiment , except that Ss
were given the prior prob abilities and population proportions to
start with . The gambler's fallacy or negative recency effect was
very strong in the 70-30 prediction condit ion, as expected under
representativeness. Its virtual absence in the 90-10 prediction
condition , in spite of the long run s and high s-f values, indicate
strongly tha t Ss were highly sensitive to the differential
proportions of white and black cards in the two populations , as
given them in the instructions.

The Ss' sensitivity to population prop ortions is contrary to
what Kahneman and Tversky (1972) found in the symmetric
binomial prob lem, but is actually more in accord with the
concept of representativeness than the data they explored.
Certai nly the population proportion is an "essential feat ure of
the population," which the sample should reflect. The
discrepancy between the ir results and the ones reported here is
superficial, owing to their having discarded Ss who made
counterevidentiary responses, whereas such responses were the
primary data of the present analysis.

The relative absence of counterevidentiary responses in the
70-30 inference conditions, which had exactly the same
sequence of stimuli, and in the 90-10 conditions which had
longer run s, shows clearly that these responses are not just some
automatic respon se to the stimulus sequences, but are under the
contro l of cognitive factors. It must be not ed, however, that the
Ss were not in any sense behaving completely representatively .
The counterevidentiary pred iction s are so egregiously irrational,
from a normative standpoint, that they compel the atte nt ion;
but tw o-third s o f tho se responses expected to be
counterevidentiary were not. On balance, however , the data
presented are critical of the normative model qua descriptiv e
model; and, more clearly than expected , positively supportive of
the representa tiveness hypothesis.
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