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Prototypicality and Deductive Reasoning

CHRISTOPHER CHERNIAK

Department of Philosophy, University of Pennsylvania

It is hypothesized that people use formally incorrect deductive procedures, and this is
sometimes advisable. The particular ‘‘prototypicality heuristic’’ investigated is: to deter-
mine validity of a proof, (a) work out an example, and (b) pick a “‘good” rather than
arbitrary example. An interaction was predicted between validity of inference and proto-
typicality of example. Experiment 1, although quite sensitive to ‘‘calibration’” variables,
does not reveal the interaction in reaction times. However, Experiment 2, in which subjects’
time was limited, seems to elicit the interaction in subjects’ first-trial confidence judgments;
the explanation proposed is that subjects then decide they must shift to a “‘quick and dirty”’
heuristic. Experiment 3 provides some preliminary evidence that subjects’ **metaheuristic’

decision to use the heuristic does lower error rates.

The hypothesis of this paper is that
people use a wide variety of formally in-
correct deductive procedures, and that this
strategy is sometimes rationally advisable.
If people in fact use quick and dirty deduc-
tive reasoning heuristics, one of the most
important candidates for such a heuristic
would extend a familiar observation (Had-
amard, 1945) and recommendation (Polya,
1954) in the field of mathematical problem
solving: Do not just “‘turn the crank’ al-
gorithmically. Instead, when trying to dis-
cover a proof of a theorem, it is often in-
dispensable to work out first a specific ex-
ample that satisfies the initial conditions.

The rationale would be that empirical
studies indicate that more abstractly for-
mulated deductive tasks are more difficult;
for example, the same form of syllogism
with variables (**A’’) as opposed to con-
crete terms (“‘freshman’”) is harder (Wil-
kins, 1928; cited in Wason & Johnson-
Laird, 1972). In addition, Rosch, Mervis,
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Gray, Johnson, and Boyes-Braem (1976)
have obtained evidence that basic-level cat-
egories {e.g., ‘‘eagle’’) are more process-
able than either more general superordinate
categories (e.g., “*bird”’) or more specific
subordinate categories (e.g., “‘bald eagle’)
(this also suggests limits for this level-de-
scending strategy). These results fit with
Paivio’s (1971) findings that concrete and
more imageable words are remembered
better than abstract words, and pictures
better than words. Abstraction, therefore,
can be costly; thinking out a problem in
terms of an example would be a way of de-
scending to a lower, and thus more man-
ageable, level of abstraction—a kind of
local and temporary Piagetian regression
from abstract to concrete.

Furthermore, we can add a second heu-
ristic truism, so obvious as to be commonly
overlooked: The example chosen should be
a “‘good” one-—that is, representative or
typical of the problem, rather than an ar-
bitrary instance. Such a procedure will min-
imize the cost of the overgeneralization in-
volved in the level-descending strategy.
This is important given the hypothesis of
this paper that at least in everyday life we
seem to extend use of these procedures, not
necessarily inadvisably, from the heuristic
“‘context of discovery” of ideas for proofs
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into the context of our actual rough intu-
itive proofs. If we then suppose that the
more representative instances of a category
are the more prototypical ones, as Rosch
and Mervis (1975) argue, then the hypoth-
esis here is that thinking in terms of pro-
totypes simplifies reasoning.

What are the implications of a prototype
theory of mental representation for human
deductive reasoning? The key element of a
prototype theory, in particular as articu-
lated by Rosch (1977), is rejection of the
classical assertion that in all situations
every category is defined in terms of a set
of features that are necessary and sufficient
for membership in the category. Instead,
members of the category sometimes may
not be equally and fully members of the cat-
egory (e.g., subjects reliably report a robin
is a better example of the category “*bird”
than a turkey); membership in the category
is evaluated in terms of centrality—resem-
blance of an instance to a prototype or best
example of the category.

The role of prototypicality in a sentence
verification task has been studied exten-
sively: On the one hand, subjects determine
more quickly that a prototypical instance
belongs to a category than does a rejatively
atypical one. (Rosch, 1973; Rips, Shoben,
& Smith, 1973; Smith, Shoben, & Rips,
1974). On the other, reaction time is longer
for correctly rejecting a false sentence (e.g.,
“A bat is a bird”’) if the instance is very
similar to the category prototype (Rips et
al, 1973). At the opposite extreme from a
simple task like sentence verification is a
strategy Kahneman and Tversky (1972,
1973) have extensively investigated, one
very like prototype matching for everyday
intuitive reasoning about the future, the
“‘representativeness heuristic:”” In esti-
mating the likelihood of an outcome, sub-
Jects tend to ignore prior odds and instead
(*‘fallaciously’”) base their judgment on
how well the outcome represents the essen-
tial features or ‘‘stereotype’” of the prior
evidence. In addition, Rips (1975) has
found that subjects inductively generalize
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more easily from prototypical or represen-
tative instances of a category to other in-
stances, than from less prototypical ones.

It would be natural to wonder about the
role of a phenomenon as important and
widespread as prototypicality in tasks that
fall between simple sentence verification
and informal inductive reasoning-—namely,
deductive reasoning. Such experiments
may help to flesh out models to explain the
remarkably ubiquitous effects for the more
complex cases of nondeductive reasoning
(indeed, it is curious that Kahneman and
Tversky-type effects were not first sought
for deduction). However, current accounts
of deductive reasoning ignore the role of
prototypicality. As a recent example, ac-
cording to the “‘analogical theory of rea-
soning’’ of Johnson-Laird and Steedman
(1978), the first stage in the process of
making a syllogistic inference is the se-
mantic representation of the quantified as-
sertions involved: ““A class is represented
simply by thinking of an arbitrary number
of its exemplars.”” But are all exemplars
equal? It seems plausible that prototype
structuring of the class would (and, as ex-
plained above, should) affect the choice of
exemplars.

Do human beings employ a prototypi-
cality heuristic in their deductive rea-
soning, that is, in such tasks do they exploit
the prototype structuring of categories?
The prototype theory of category structure
is stronger than a classical theory, in that it
suggests that making some valid inferences
will be more difficult than making others,
and that refraining from making some in-
valid inferences will be more difficult than
not making others. The two simplest impli-
cations of a prototype theory involve how
information about category-instance rela-
tions will be used in elementary deductive
inferences. Prototypicality would affect
performance of the tasks through an im-
plicit premise. The first prediction is of a
differential effect of instance prototypi-
cality on making valid inferences. For ex-
ample, the inference
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All A’s are robins.
All A’s are birds.

when it is interpreted as including the def-
initionally true tacit premise “*All robins are
birds™” consitutes the standard three-term
syllogism

All A’s are robins.
[All robins are birds.]
All A’s are birds.

The original ‘‘tacit syllogism’’ is valid in the
sense that it is not possible for both the one
explicit premise to be true and the conclu-
sion to be false. Given the above evidence
* suggesting that true statements of the form
““All [instances] are [categories]”’ are more
easily verified when the instance is central
as opposed to peripheral, one would expect
an inference which will be valid with such
a statement as a tacit premise correspond-
ingly to be easier to perform for central than
for peripheral instances. For example, the
first inference above and the following sim-
ilarly definitionally valid inference

All A’s are turkeys.
All A’s are birds.

should be affected this way, since they re-
spectively require implicit use of the prem-
ises ““All robins are birds’” and “‘All tur-
keys are birds.”

The second prediction of the prototype
theory is of a differential influence of pro-
totypicality on making invalid inferences,
but in the opposite direction from the effect
on valid inferences. The false-sentence
reaction time evidence cited above suggests
the tendency to infer, or “‘illicitly convert,”’
a definitionally false statement of the form
“*All [category] are [instances]’’ from a true
statement of the form ‘“All [instances] are
[category]” will be greater for central in-
stances of the category. Besides conven-
tional feature-analytic accounts of this dif-
ferential confusability, a pretheoretic expla-
nation would just be that subjects reason:
“‘On the one hand, to a rough first approx-
imation, a bird just is a robin; on the other,
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a bird isn’t a turkey, since a turkey is hardly
a bird at all.”” Consequently, one would ex-
pect a greater tendency of subjects in effect
to accept, and so to use as a tacit premise
in their reasoning, a statement of the form
“*All [category] are [instances]”” when the
instance involved is more central. The
second prediction regarding deductive rea-
soning, then, is that subjects should be
more likely to make certain invalid infer-
ences, namely, those which would be valid
with an additional premise of the form “All
[category] are [better instances].”

One of the deductive tasks in which such
an implicit premise would be most easily
used is again a “‘tacit syliogism’ which,
with this premise, constitutes a three-term
syllogism. For example, the inference

X Some A’s are birds.
Some A’s are robins.

is not valid. But with the false premise “*All
birds are robins,”’ the inference becomes a
valid syllogism:

Some A’s are birds.
[All birds are robins.]
Some A’s are robins.

The ‘““differential confusability”” prediction
here is that such invalid tacit syllogisms will
be more difficult to judge correctly to be
invalid when a central instance is involved
than when a peripheral one is. In this way
the above invalid tacit syllogism should be
harder than

X Some A’s are birds.
Some A’s are turkeys.

Therefore, the basic overall prediction of
the prototype theory is of an interaction be-
tween whether or not an inference is valid
and whether or not it involves in the above
way a central instance. The interaction
should be of the strongest kind, in that, de-
pending on whether an inference is valid,
the effect of centrality should entirely re-
verse, rather than just change strength.

Of course, people—readers of this
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paper, for example-—are able to avoid
““thinking in stereotypes’’ on the above
simple deductive tasks, given enough time.
Any account of the role of prototypicality
in reasoning must allow for the fact that
people can reason without prototypicality
effects in some situations. That is, such a
theory must postulate at least two distinct
kinds of reasoning processes, each with its
own benefits and costs: (1) “‘Correct but
slow”” processes which employ classical
category definitions in terms of necessary
and sufficient truth conditions. (2) “‘Proto-
typicality heuristics,”” “‘quick but dirty”’
processes which employ the prototype rep-
resentation of the category. It should be
emphasized that prototypicality heuristics
need not be the only means of making a
speed—reliability trade-off; various proce-
dures may be scattered throughout the
space of possible speed-accuracy trade-
offs.

Under what conditions will each process
occur? The most interesting conjecture to
begin with is: Quick and dirty heuristics in
general, and prototypicality heuristics in
particular, would more likely be used—and
ought to be used—when there is pressure
to sacrifice formal correctness for speed.
The less time perceived to be available for
a given task, the more likely prototypicality
effects should be. (In addition, subjects
may sometimes employ the “‘simultaneous
strategy’’ of undertaking both types of pro-
cedure in parallel, waiting for the slow but
correct results unless they decide there is
not time, in which case any available earlier
quick but dirty results would first be used.)
Such decisions may be involved in rapid,
automatized processes as well as delib-
erate, conscious problem-solving strategy.

It is therefore clear that ‘‘context mat-
ters:”” performance of the inferences here
can be expected to be sensitive to experi-
mental conditions. Besides the speed-—ac-
curacy constraints of a given experimental
task, there is the question of when the sub-
jectis in fact interpreting his job as a ““pure
logic”” task. When subjects naive to formal
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logic are asked to determine validity of an
inference, they tend instead to evaluate
truth or probability of the premises and/or
conclusion (Henle, 1962). Such probability
estimates can be expected to vary signifi-
cantly (and in either direction) for a given
sentence context, depending on whether a
central or peripheral instance occurs (e.g.,
compare ‘‘John ate a turkey’’ and “‘John
ate a robin’’). Therefore, prototypicality
could affect performance of inferences
through an entirely different process, con-
tent—validity confusions, from the one we
are investigating. The simplest approach for
studying deductive reasoning here is to pre-
vent subjects from using their real-world
knowledge, besides knowledge of the struc-
ture of the relevant category, to make un-
warranted interpretations. Consequently, in
the syllogisms for the present experiments
all content except the category and its in-
stance has been eliminated by using the
variable A’ in the explicit premise and
conclusion.

EXPERIMENT |: REACTION TIME

This experiment tested for the predicted
validity -centrality interaction in subjects’
reaction-time performance on tacit syllo-
gisms. According to the “‘quick but dirty”
rationale for the prototype heuristic, sub-
jects should shift most to the heuristic
under time pressure. Nonetheless, the nat-
ural first assumption to try is simply that
the predicted difficulty of the task, de-
pending on whether the syllogism was valid
or not, and on whether a central or periph-
eral instance is involved, would be re-
flected in the time required for subjects to
accomplish it. Therefore, subjects’ reaction
times should be longer for correctly judging
syllogisms to be valid with peripheral in-
stances than with central ones, but the
reaction times should be shorter for invalid
syllogisms with peripheral instances than
with central ones. Materials were chosen so
that (1) the variables of whether or not an
inference is valid, or affirmative, or uni-
versal can themselves be used as a calibra-
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tion of the sensitivity of the experiment;
and (2) the predicted validity —centrality in-
teraction can be checked under two basic
conditions, whether or not an inference in-
volves affirmative or universal proposi-
tions. (In addition, the experiment was de-
signed to try to test whether training in
logic would affect the predicted interaction,
that is, to determine whether the prototyp-
icality heuristic was stable enough not to be
reduced under this condition.)

Method

Materials. Arguments presented to the
subjects were tacit syllogisms in the sense
explained above, that is, three-term syllo-
gisms with one explicit and one unstated
premise and a conclusion. The eight
premise-conclusion pairs that are the ex-
plicit portions of the syllogisms consitute
four forms of the syllogism which are valid
for the true tacit premise of the form “*All
{instances] are [category],”’ and four forms
of the syllogism which are invalid for such
a premise, but are valid for the false tacit
premise ‘‘all [category] are [instances]”’
(see Table 1). Equal numbers of the valid
and of the invalid inferences are composed
of affirmative and of negative propositions,
and the sets of affirmative and of negative
inferences in turn are equally composed of
universal and of particular propositions;
completely crossing these three variables in
this way satisfies the above desiderata.
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The seven categories used, with one cen-
tral and one peripheral instance of each (see
Table 2), were chosen from the results in
Rosch’s (1975) normative study. Each pair
of instances of each category satisfies the
following criteria: (1) One of the instances
is rated a good example of the category,
that is, ranked higher than 1.30 on Rosch’s
7-point scale; (2) the other is rated a poor
example, that is, lower than 2.75; (3) the
mean word frequency of the good instances
does not exceed that of the poor instances
according to the Kucera and Francis (1967)
sample of written English; and (4) vice
versa for the mean number of syllables.

Each of the eight forms of the syllogism
was completed in two versions for ¢ach of
the seven categories: The “‘[category]”” po-
sition was filled by the category name: in
one version the “[instance]” position was
filled by the central instance of that cate-
gory, and in the other by the peripheral in-
stance. For example, the first tacit syl-
logism displayed in this'paper is an instance
of inference No. 1 with the “‘bird” category
and the *‘robin’” instance substituted: Each
of the resulting 112 items was typed in the
above format: the explicit premise above
the conclusion, with a line separating the
two. ‘An additional six practice syllogisms
were constructed from forms and catego-
ries not previously used.

The two versions of each syllogism for a
given category were randomly assigned to

TABLE 1
Forms OF THE SYLLOGISM USED IN EXPERIMENTS 1 AND 2

Valid (with true tacit premise ‘Al [instance] are [category]’’)

(1) All A’s are [instancel:
All A’s are [category].

(3) No A’s are [category].

No A’s are [instance].

(2) Some A’s are [instance],
Some A’s are [category].

(4) Some A’s are not {category].

Some A’s are not [instance].

Invalid (with tacit premise “‘All [instance] are [category]™)

(5) An [instance] are A’s.
All [category] are A’s.

(7) No A’s are [instance].
No A’s are [category].

(6) Some A’s are [category].

Some A’s are [instance].

(8) Some [category] are not A’s.

Some [instance] are not A’s.
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TABLE 2
CATEGORIES AND INSTANCES USED IN
EXPERIMENTS 1 AND 2

Instance

Category Central Peripheral
Piece of furniture Sofa Bench
Fruit Banana Fig
Vehicle Bus Tractor
Vegetable Carrot Potato
Bird Robin Turkey
Item of clothing Shirt Hat
Weapon Machine Gun  Whip

two different sets, with the restrictions (1)
that each set contain an equal number of
central and peripheral versions of each cat-
egory, and (2) that in each set the number
of central and of peripheral versions for
each syllogism differ by only one. Each re-
sulting set of 56 items was separately ran-
domly ordered, with the constraints that no
two consecutive items be of the same syl-
logism form or category, nor should four
consecutive items be all valid or invalid.

Procedure. The logic-trained and un-
trained subject groups were each randomly
divided into two equal subgroups, each of
which received one of the sets of 56 items;
each subgroup in turn was randomly di-
vided into two groups, one of which re-
ceived the item set in reverse order from
the other. Thus, each subject judged the va-
lidity of 56 items: each of the eight syl-
logism forms for each of the seven catego-
ries with either the central or peripheral in-
stance.

The items were presented to one subject
at a time in a Harvard-type tachistoscope.
First, the concept of validity was briefly ex-
plained. The subject was instructed to press
one of two keys to indicate whether or not
he believed the displayed syllogism was
valid (dominant hand was randomly
switched), and to respond as quickly as
possible while keeping errors to a min-
imum. In a trial, a fixation cross appeared
in the center of the screen; after 1!/2 sec-
onds, one of the stimuli appeared, and the
subject responded. The field then darkened
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for 10 seconds, until the next trial began.
Before the test trials were six practice trials
using items not in the test series, with feed-
back and the opportunity for questions
after each response; subjects were reas-
sured that peripheral practice items were in
fact members of the corresponding cate-
gories.

Subjects. Subjects were 50 University of
California, Berkeley, undergraduates, re-
quired to be native English speakers.
Twenty-eight of these were also required to
have taken no college logic course, and
were participating in the experiment for
psychology course credit. The remaining 22
subjects were paid volunteers recruited
from the second-quarter course in the
Berkeley Philosophy Department’s intro-
ductory logic sequence.

Results and Discussion

Evidence of a validity—centrality inter-
action occurs in almost no portions of the
reaction-time data, although the experi-
ment is quite sensitive to the ‘‘calibration’
variables.

Subjects with less than 67% correct
scores (two logic trained, four untrained)
were eliminated from the analysis. In each
of the training groups, pairs of subjects,
where one had received the 56 items which
were the ‘‘mirror image’’ with respect to
category of the series the other received,
were yoked by matching error scores as
closely as possible. There were then 10
such logic-trained subject pairs and 12 un-
trained subject pairs, each of which had re-
ceived all 112 items. An analysis of vari-
ance was performed on correct reaction
times, with logic training as a between-
group variable, and whether or not an in-
ference was valid, or affirmative, or uni-
versal, or involved a central category in-
stance, as within-subject variables.

An F test of the variable of logic training
of subjects did not approach significance,
F(1,21) = .24, p > .62; nor was any inter-
action of this variable with the other vari-
ables significant. All analyses below there-
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fore are of trained and untrained subjects
combined. The principal prima facie pre-
diction, of an interaction between validity
of inference and centrality of instance, was
not confirmed; the F test for this interaction
did not approach significance, F(1,21) =
1.55, p > .23. The variable of centrality
alone also did not have a significant effect,
F(1,21) = .01, p > .91. However, the “‘cal-
ibration’’ variables of validity, affirmative-
ness, and universality of inference all
showed differences with high levels of sig-
nificance (see Table 3a). (Analysis of loga-
rithms of the reaction times, and of binom-
ially transformed error scores, showed the
same pattern.) Tests of the mean central—
peripheral difference for each inference in
each group revealed that only inference #6,
for logic-trained subjects, showed a signif-
icant difference, with central 5.58 seconds
and peripheral 4.44 seconds, F(1,9) =
18.00, p < .002; this was in the predicted
direction, of centrality hindering perfor-
mance for an invalid inference.

The earlier discussion of the likelihood
that the experimental task is highly sensi-
tive to experimental setting suggests that
the first occurrence of a central and of a
peripheral version of each inference for
each subject should be examined, since
doing 56 consecutive tasks of identical
format is so repetitive that it may blunt pro-
totypicality effects. These first-occurrence
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data follow the same pattern as the above
results for subjects’ overall performance on
all 56 items: Whether or not subjects were
logic trained by itself was not a significant
variable, F(1,42) = .01, p > .92, hence the
following analyses are of trained and un-
trained groups combined. The main predic-
tion of a validity —-centrality interaction is
again not confirmed, F(1,42) = 1.78, p >
.19; nor is the variable of centrality alone
significant, F(1,42) = 1.02, p > .32. The
*‘calibration’” variables all show very sig-
nificant differences in the same diréctions
as for the overall data (see Table 3b). (An
analysis of variance of the logarithms of
these reaction times, and an analysis of the
reciprocal of the reaction times show the
same pattern; so also do sign tests of error
scores.)

The major feature of the reaction time
performance is a dominance of form over
content, in the sense that formal variables
involving the logical constants (‘‘not,”’
“all,”” etc.) show strong effects, while the
content variable of instance centrality has
no effect. These ‘‘formal effects” for infer-
ences each correspond to effects reported
in sentence-verification tasks. The grand
mean time for overall performance of 5.4
seconds and the 13.3% error rate are rather
high for reaction time experiments. Of
course, the lack of a validity—centrality in-
teraction may just be the result of some pe-

TABLE 3
EFFECTS OF INFERENCE FORM ON RESPONSE

(a) Experiment 1: Overall reaction time (s) F(1,21) p<

Valid 5.020 Invalid 5.698 26.58 .0001
Affirmative 4.689 Negative 6.030 77.17 .0001
Universal 4.912 Particular 5.807 21.47 0001
(b) Experiment 1: First response reaction time (s} F(1,42) p<

Valid 5.448 Invalid 5.960 11.53 005
Affirmative 5.070 Negative 6.338 36.31 .0001
Universal 5.320 Particular 6.088 8.25 .007
(¢) Experiment 2: First response 10-point ratings F( 1,45) p<
Affirmative 8.565 Negative 7.895 9.79 .004
Universal 8.950 Particular 7.510 33.07 L0001
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culiarity of this experiment {one which still
allows the significant “‘formal’” effects), or
because centrality effects are so slight that
they are swamped in this type of experi-
ment.

The earlier discussion of the likelihood
that we use prototypicality heuristics when
we perceive pressure for a tradeoff of rea-
soning reliability for speed also suggests an-
other explanation: In the reaction time ex-
periment subjects may be interpreting the
instruction ‘‘Respond as quickly as pos-
sible while keeping errors to a minimum”’
so strictly that they choose to employ slow
but correct deductive procedures rather
than quick but dirty heuristics which in-
volve thinking in terms of prototypes. The
experiment seems to provide the latitude
for such a cautious speed-reliability trade-
off. While there would then be no centrality
effects, the formal effects would still re-
main. Indeed, according to the above
theory of prototypicality heuristics, only
the centrality effect should be sensitive to
speed—accuracy trade-offs, since that
theory does not imply that when subjects
use prototypicality heuristics they do, or
can, ignore the formal structure of argu-
ments.

EXPERIMENT 2: FIXED INTERVAL

The two-process model of reasoning
therefore suggests an experiment in which
the possibility of a cautious speed—accu-
racy tradeoff is restricted: ‘“*Clamp’’ the
time available to perform each inference, so
that subjects are more likely to decide they
have to shift to a quick and dirty heuristic
involving prototypes. In addition, to ex-
plore the stability of the effect of a fixed
time constraint, one subject group had a 4-
second interval, somewhat smaller than the
4.2-second reaction time for the fastest in-
ference (No. 2), and another had a 10-
second interval, somewhat larger than the
7.3-second reaction time for the slowest in-
ference (No. 8). Since error scores by
themselves are rather coarse indicators of
performance, sensitivity of the experiment
was boosted by obtaining subjects’ esti-
mates of confidence in their answers.
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Method

Materials. The two sets of 56 cards from
Experiment 1 were used; the order within
each set was unchanged, and the sets were
presented as two consecutive uninterrupted
balanced blocks.

Procedure. Every subject received all
112 items. Thirty subjects had 10 seconds/
item, and 19 subjects had 4 seconds/item;
each of these groups was randomly divided
into two subgroups, one of which was
shown the item set in reverse order from
the other. For each subgroup, the stimulus
cards were displayed on a motion-picture
screen using an opaque projector, with a
clock-actuated electric shutter controlling
stimulus duration and also the between-
stimulus interval of 9 seconds. Subjects re-
sponded on machine-readable answer
sheets: For each syllogism, there were two
5-point confidence scales (where ‘17’
meant ‘‘completely sure,”” **5”7 meant
““barely sure,”” etc.), one in the ‘‘Valid”
column and one in the ““Invalid”” column.
The concept of validity was explained to
the subjects exactly as in Experiment 1.
Subjects were instructed that as soon as,
but not before, the screen darkened after
an item was projected, they were first to
decide whether or not the displayed syl-
logism was valid, and then to decide and
mark how confident they were of their an-
swer on the corresponding 5-point scale.
The test trials were preceded by six prac-
tice trials using the same items in the same
order as in Experiment 1, with feedback
and opportunity for questions (peripheral
practice instances were again identified as
members of their categories).

Subjects. Subjects were 49 Tufts Univer-
sity undergraduates participating for psy-
chology course credit. They were required
to be native English speakers and to have
taken no college logic course.

Results and Discussion

The experiment provides some evidence
suggesting that “‘clamping’ subjects’ time
clicits the predicted validity—centrality in-
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teraction; in particular, this seems to arise
for first-occurrence, but not overall, data.

One subject each from the 10- and 4-
second groups had to be eliminated from
the analysis because they lost their places
on the answer sheets. The error score and
confidence rating of each response were
combined into a single 10-point scale rating,
where ‘1"’ meant the subject was wrong
and completely sure, ‘*10”° meant correct
and completely sure, and so on. An anal-
ysis of variance was performed on all of
these 10-point scores, with stimulus dura-
tion as a between-group variable, and with
validity, affirmativeness, and universality
of inference, and centrality of instance as
within-subject variables. The results paral-
leled those for overall reaction time perfor-
mance; in particular, the interaction be-
tween inference validity and instance cen-
trality did not approach significance,
F(1,45) = 1.43, p > .24. (The same pattern
held for an analysis of performance on the
first block of 56 items each subject re-
ceived. Furthermore, the interaction be-
tween block number, validity, and cen-
trality did not reach significance.) The vari-
able of centrality alone again was not
significant, F(1,45) = .41, p > .53. The ef-
fect of validity was no longer significant;
however, there were still significant effects,
in the same directions as in all earlier anal-
yses, for affirmativeness and universality.

On the other hand, performance on the
first occurrences of a central and of a pe-
ripheral version of each inference for each
subject seems to show a different pattern.
Whether stimulus duration was 10 or 4 sec-
onds had no significant main effect, F(1,45)
= 2.70, p > .11, nor were any relevant in-
teractions between this and other variables
significant (in particular, the duration-va-
lidity~centrality interaction was not,
F(1,45) = .18, p > .67). Therefore, all re-
sults below are for both groups of subjects
combined. The predicted validity—cen-
trality interaction (see Table 4) is now sig-
nificant, F(1,45) = 7.50, p < .008.

The effect of instance centrality on per-
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TABLE 4
EXPERIMENT 2: VALIDITY X CENTRALITY, FIRST
RESPONSE 10-POINT RATINGS

Central Peripheral
Valid 8.485 7.847
Invalid 8.083 8.505

formance for each inference separately was
analyzed for the first-occurrence results.
Two of the eight inferences showed signif-
icant central-peripheral differences in the
predicted directions (inference #1, F(1,45)
= 13.23, p < .01; inference #6, F(1,45) =
4.49, p < .05). In addition, the effect of
centrality on all valid inferences alone is
significant, F(1,45) = 6.01, p < .05, but
there is not a significant centrality effect for
all the invalid inferences alone, F(1,45) =
2.63, p > .10. However, the mean central—
peripheral differences for 7 of the 8 infer-
ences are in the predicted directions; No. 7
is in the wrong direction, but its central—
peripheral difference is the smallest of all
eight inferences. Therefore, the inference
validity —instance~—centrality interaction is
also significant by a Wilcoxon matched-pair
sign test, .005 < p <..0l. The first-occur-
rence error scores show a pattern similar to
that of the confidence ratings. In particular,
a Wilcoxon sign test of differences between
mean central and peripheral error scores of
each inference was as significant as for the
confidence-scale data, confirming the va-
lidity —centrality interaction also for the
error data by itself.

For a given inference type, the first oc-
currence with a central instance and with a
peripheral instance in each random series
could not be at the same trial number.
Therefore, the apparent effect of instance
centrality might actually have been an ar-
tifact of the presentation order of these first
occurrences. However, performance for
each inference was better on later trials
than earlier trials in 48.3% of all cases,
closely approaching chance; furthermore, a
x* test of this measure of differential per-
formance for the central versus the periph-
eral instances also did not approach signif-
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icance (x?, = .85, p > .25). Thus, trial
number here does not seem to be a con-
founding variable.

The first-occurrence data seem to con-
firm a validity —centrality interaction of the
predicted strong kind, where the central—
peripheral difference does not just change
magnitude depending on validity/invalidity,
but entirely changes direction. Further-
more, when the interaction does occur, it
appears to be robust; comparison of it with
the ‘‘calibrator’’ affirmativeness and uni-
versality effects (see Table 3¢) indicates
they are all of about the same magnitude,
roughly one confidence-scale point. Form
no longer dominates over content. The
emergence of a significant validity —cen-
trality interaction in the first-occurrence
data is particularly salient, given that the
number of measurements per subject in
first occurrence as opposed to overall data
drops from 112 to 16. The fact that varying
stimulus duration from 4 to 10 seconds does
not significantly affect the interaction sug-
gests that use of prototypicality heuristics
is rather stable at least with respect to this
variable, and does not require an exotic
time regime.

On the evolution of processing strategies
from first occurrence to later tasks, the
above analyses suggest that in this experi-
mental setting subjects were using proto-
typicality heuristics for the first-occurrence
tasks (which were as late as #30 in the ran-
domly ordered trial series) but had already
ceased to do so detectably by the end of the
first 56-trial block. Grand mean first-occur-
rence error rate was 18.8%, while the
overall rate was lower, 15.3%, as would be
expected from practice. On the nature of
the difference between the conjectured two
kinds of processing, although both Experi-
ment 2 error rates are higher than the 15.2%
first occurrence and 13.3% overall reaction
time rates, subjects were not guessing here
even on the first-occurrence tasks. Subjects
could not achieve such good first-occur-
rence or overall performance if in either
case they ignored the form of an infer-
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ence—the logical constants involved—or
its content—the category—instance rela-
tionship.

One cannot expect that decreasing avail-
able time will just directly shift subjects’
processing toward more use of faster heu-
ristics. For, subjects at least at first are un-
likely to be able to make individual infer-
ence by inference speed—accuracy trade-
off decisions, because they would initially
have a limited inductive basis for these de-
cisions. In fact, subjects required a mean
5.7 seconds with 15.2% errors for their
first-occurrence reaction times where they
were taking as much time as they thought
they needed, and exhibited no prototype ef-
fect; however, with available time nearly
doubled in the first interval experiment to
10 seconds, there was a higher first-occur-
rence error rate of 16.4% and some indi-
cation of a prototype effect, F(1,28) = 4.08,
p < .06. A more adequate explanation of
the observed time course of the prototype
effects therefore would be that subjects ini-
tially make the longer term decision that,
for this new task with a fixed time limit,
prudence requires use of quick but dirty
prototypicality heuristics. Then, as they be-
come more familiar with the task in the
course of the fixed interval experiment,
practice makes them more proficient (if not
perfect) and so they tend to decide that they
can afford more use of slower but correct
procedures and readjust their overall
strategy in that direction.

However, practice here might have a
quite different effect. Once subjects have
determined an instance-category relation-
ship at the beginning of the experiment,
they might store this information tempo-
rarily, so that the next time they encounter
that instance~category pair they do not
have to recompute the relationship again;
the effects of instance prototypicality
would therefore subsequently disappear.
(The two phenomena, of a shift to correct
inference processing strategies and of using
temporarily stored category-instance rela-
tionships, need not be incompatible.) How-
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ever, since even the first-occurrence items
in the quite sensitive tachistoscope experi-
ment showed no prototypicality effect at
all, the disappearance of the effect in Ex-
periment 2 seems unlikely to be entirely
due to subjects’ determining category-in-
stance relationships. Nonetheless, more in-
formation about subjects’ ‘‘metaheuristic’’
decisions between different deductive pro-
cedures would be valuable.

EXPERIMENT 3: EarLY USE OF
THE HEURISTIC

When and how do people decide to use
the prototypicality heuristic? The primary
objective of this experiment was to obtain
finer grained information about the item-to-
item time course of use of the heuristic, in
particular, about subjects’ earliest use of it
when presented with a series of logic prob-
lems. Another goal was to find out more
about how widespread use of the heuristic
is: to study subjects’ use of it on types of
material different from Experiments 1 and
2, and under somewhat different experi-
mental conditions—with an exposure du-
ration of 8 seconds instead of 4 or 10, and
where subjects had a page-turning task
rather than viewing items on a screen.

In addition, the new types of inference
were chosen to provide a chance to check
a further conjecture: The more complex the
deductive task, the more pressure for
speed—-reliability trade-off, and so the more
likely subjects will decide to use quick and
dirty procedures—in particular, the more
likely their use of the prototypicality heu-
ristic. There should be a three-way inter-
action between complexity of inference,
validity, and instance centrality; the more
complex the inference, the more prototype
effect there might be. People seem to pos-
sess a common-sense theory of the feasi-
bility of deductions which enables them to
identify intuitively a rough ordering of de-
ductive tasks by difficulty (Cherniak,
1981b); the one-premise tacit syllogisms of
Experiments 1 and 2 appear to fall toward
the simpler end of such a scale. An ob-
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viously more complex, but closely related,
task would be just a two-premise tacit syl-
logism (see Table 5).

Method

Materials. Half of the arguments pre-
sented were drawn from the one-premise
“simple”” syllogisms of Experiments 1 and
2, namely Nos. 1, 2, 5, and 6 of Table 1; the
other half were the “‘complex™ two-
premise syllogisms of Table 5. Each com-
plex inference was chosen to be as close as
possible in logical form to the corre-
sponding simple inference, with an addi-
tional ““All A’s are B’s”’ transitive-chain
premise. Thus, equal numbers of the simple
and of the complex inferences are valid and
are invalid, and in turn half of the valid and
of the invalid inferences each involve either
universal or particular propositions. For a
balanced block design, eight categories
were needed. The seven categories of Ex-
periments 1 and 2 were used; in addition,
since this is not a tachistoscope experi-
ment, the category of “‘toy,”” with “*yo-yo”’
as central and “‘seesaw’’ as peripheral in-
stances, was also drawn from Rosch (1975)
(it satisfies the criteria from categories in
Experiment 1, except that the central in-
stance is rated only 1.62).

Each of the eight forms of the syllogism
was completed with six different category/
central—instance pairs, and with six dif-
ferent category/peripheral-instance pairs.
Each of these 96 items was typed in the
format of the earlier experiments and pho-
tocopied on 34 sheets of paper. On the back
of each sheet were two 7-point confidence
scales, one titled ““VALID,”’ the other “'IN-
VALID,” with “*1"" also labeled *‘not sure
at all,”” 4> “‘fairly sure,”” and **7" **ab-
solutely sure.”” An additional four practice
items were constructed from syllogisms
and categories not already used.

Procedure. Each subject received 48 un-
interrupted items in three 16-item blocks.
In each block all eight syllogisms occurred,
each in one peripheral and one central ver-
sion (never from the same category); the
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TABLE 5
CoMPLEX FORMS OF THE SYLLOGISM USED IN EXPERIMENT 3

Valid (with tacit premise ‘‘All [instance] are [category]”’)

(9) All A’s are B’s.
All B’s are [instance].
All A’s are [category].

(10) Some [instance] are A’s.
All A’s are B’s.
Some [category] are B’s.

Invalid (with tacit premise ‘“All [instance] are [category]’’)

(11) All [instance] are A’s.
All A’s are B’s.

All [category] are B’s.

(12) Some [category] are A’s.
All A’s are B’s.
Some [instance] are B's.

first 16 subjects had one such inference-cat-
egory assignment, the next 18 had an en-
tirely different one. Each block was there-
fore balanced with respect to all variables:
inference complexity, validity, universality,
and instance centrality. The first 8 subjects
each received the 48 items in a different
random order, with the constraints that no
two consecutive items could be of the same
form of the syllogism or involve the same
category, and no four consecutive items
could all be the same with respect to either
complexity, validity, universality, or cen-
trality. The constraints were satisfied for
the first 8 subjects in a manner that per-
mitted them also to be satisfied for the next
8 subjects, each of whom received the
items of each block in the reverse order
from a corresponding one of the first 8 sub-
jects. This design has the property that
within each block, the set of all items re-
ceived by all 16 subjects in the first eight
trials is identical with the corresponding set
for the last eight trials; each block can be
split in half in this way. The next 16 subjects
each exactly corresponded to one of the
first 16, except that each syllogism in each
block had a category assigned to it different
from that for the first 16 subjects. Two ad-
ditional subjects received copies of the
series for two of the second 16 subjects.
Each 48 item set, preceded by the same
four practice items, was presented as a
bookiet, with the argument side of each
page facing upward, and blank spacer pages
covering each item. A clock-actuated tone
generator operated on a repeated cycle of

8 seconds of silence, during which subjects
were to turn a cover page and look at an
argument, followed by a 6-second audible
tone, during which subjects were immedi-
ately to turn over the page and circle on the
back the digit indicating their confidence ei-
ther that the argument was valid or invalid.
The concept of validity was explained to
the subjects as in the earlier experiments.
Subjects. Thirty-four Tufts University
undergraduates participated in the experi-
ment for psychology course credit; they
were required to be native English speakers
who had taken no college logic course.

Results and Discussion

The predicted validity—centrality inter-
action again seems to occur; its time course
agrees with Experiment 2. In addition,
some evidence suggests that subjects do
not decide to make the fullest use of the
prototype heuristic at the very begining of
the problem series.

Two additional subjects’ data had to be
discarded because they reported during de-
briefing that they were unable to follow the
page-turning instructions. The error and
confidence scores of each response were
combined as a single 14-point scale rating:
17 if the subject was wrong and abso-
lutely sure, *“14”" if he was right and abso-
futely sure, etc. An analysis of variance
for all three blocks combined was per-
formed, with complexity, validity, and uni-
versality of inference and instance cen-
trality as within-subject variables (see Table
6a). The validity—centrality interaction for
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TABLE 6
ExPERIMENT 3: EFFECTS OF INFERENCE FORM ON RESPONSE
14-Point confidence rating F p<
(a) Overall df = 1,33
Simple 11.479 Complex 10.375 2478  .0001
Universal 11.430 Particular 10.424 6.87 .013
(b) Block 1 df = 1,33
Simple 11.040 Complex 9.820 19.39  .0001
Universal 11.125 Particular 9.735 1193 .002
{c) Second half, Block 1 df = 1,16
Simple 11.191 Complex 10.500 375 071
Universal 11.382 Particular 10.309 530 .035

all 48 items (see Table 7a) is now significant
(F(1,33) = 7.79, p < .009), in contrast with
its nonsignificance for 112, or even just 56,
of the items in Experiment 2. The conjec-
tured three-way interaction of simplicity,
validity, and centrality did not approach
significance, F(1,33) = 0.32, p > .57. Block
1 performance shows the same pattern (see
Table 6b). The validity—centrality interac-
tion (see Table 7b) for these first 16 items
is equally significant (F(1,33) = 7.98, p <
.008), even though only one-third of the
original data is in the analysis. Also, the
magnitude of the interaction is now nearly
double what it is for all three blocks. And
once more, the simplicity-validity—cen-
trality interaction did not reach signifi-
cance, F(1,33) = 0.11. p > .73. The va-
lidity —centrality interaction is not signifi-
cant in Block 2 alone, F(1,33) = 0.55,p >
.46, nor in Block 3 alone, F(1,33) = 2.42,
p > .12

As noted above, each block was designed
so that, for 32 subjects, its first-and second
half contained equal numbers of simple and
complex, valid and invalid, universal and
particular, and central and peripheral items.
A sign test of each of these six eight-trial
subblocks was performed to see whether
mean central-peripheral differences for
each of the eight inferences were in the
right directions for the predicted validity-
centrality interaction. In the second half of
Block 1, all eight of these differences are in
the predicted directions, confirming the va-

lidity —centrality interaction, p < .004, even
though the data have been reduced yet
again. In each of the other half-blocks, ei-
ther three or four of the central-peripheral
differences are in the wrong direction, ap-
proaching chance.

Although in a given half-block, each sub-
ject received only 8 of the 16 inference-
instance combinations, design of the exper-
iment permitted yoking pairs of subjects so
that 16 subject pairs had each received all
16 items. An analysis of variance was then
performed for these 16 yoked subjects’ (and
the remaining two subjects’) responses in
the second half of Block 1. The pattern re-
sembles that of all three blocks and of
Block 1 alone: The ‘“‘calibration’ variables
of simplicity and universality reach or ap-
proach significance (see Table 6¢). The va-
lidity—centrality interaction (see Table 7¢)
is now more significant (F(1,16) = 8.39, p

TABLE 7
EXPERIMENT 3: VALIDITY X CENTRALITY,
14-POINT RATINGS

Central  Peripheral

(a) Overall

Valid 11.556 10.865

Invalid 10.627 10.659
(b) Block 1

Valid 11.324 10.044

Invalid 10.184 10.169
(¢} Second half, Block 1

Valid 11.912 10.559

Invalid 9.971 10.941
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< .011) and of greater magnitude than the
simplicity or universality effects; the mag-
nitude of the validity —centrality interaction
in fact is yet again nearly double what it was
for all of Block 1. The effect of instance
centrality on valid inference performance
by itself is significant, F(1,16) = 5.96, p <
.027, and now the effect of centrality on the
invalid inferences alone also approaches
significance, F(1,16) = 3.30, p < .088. The
simplicity —validity -~ centrality interaction
still does not approach significance, F(1,16)
= 0.001, p > .98. The other side of the
nonsignificance of this interaction is that it
does suggest generality of prototypicality
effects—they are certainly no weaker for
complex than for simple inferences.

What seems to be the early time course
of subjects’ use of the prototypicality heu-
ristic? First, the data suggest that prototyp-
icality effects do not solely occur in trials 9
through 16: Not only is the validity—cen-
trality interaction significant for all three
blocks combined, but also there is no sig-
nificant three-way interaction between the
validity —centrality effect in Block 1 vs 2,
F(1,33) = 1.54, p > .22, nor is the corre-
sponding three-way interaction significant
for Block 1 vs 3 performance, F(1,33) =
1.50, p > .23. Nonetheless, there seems to
be some concentration of use of the pro-
totypicality heuristic in the second of the
six half-blocks. And this turns out to agree
rather well with the results of Experiment
2: the ‘““first-occurrence’’ items of Experi-
ment 2, which showed the validity-cen-
trality interaction, had a mean trial number
of 12, while the second half-block in fact
has the most closely matching mean trial
number of 12.5 (this match also holds when
the two more practice items in Experiment
2 than in Experiment 3 are taken into ac-
count).

Furthermore, there is an interesting cor-
respondence between the use of the pro-
totypicality heuristic and the evolution of
error (and mean confidence) scores (see
Table 8). The most salient feature of this
data is the drop in error rate, of 9.4%, that
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TABLE 8
MeAN ERRORS AND CONFIDENCE RATINGS BY
HALF-BLOCKS FOR 32 SUBJECTS

1 2 3
Block Grand
A () @ M (@ (b mean
Percent
error 29.7 203 211 184 17.2 191 210
14-Point
scale 99 108 108 1.1 11.2 112 10.8

occurs from the first to the second half-
block; error rates for the second through
sixth consecutive half-blocks each change
by less than 2%, and in fact stop dropping
and begin to rise at points. The drop in this
rough step function thus occurs when sub-
jects seem to be first manifesting the most
use of the prototypicality heuristic. The ap-
parent shift toward more use of the heu-
ristic certainly does not lead to more errors
here. Furthermore, proceeding with some
caution, we can say that, given the hypoth-
esis that the prototypicality heuristic is
““dirty but quick’—that is, it is signifi-
cantly faster, if less reliable, than formally
correct procedures—a natural interpreta-
tion of this possible connection between
use of the prototypicality heuristic and the
drop in error rate would be that in the first
and second half-blocks, use of the proto-
typicality heuristic results in considerably
fewer errors. The data at least suggest that,
in this sense, the prototypicality heuristic
“works’’ at the beginning of the experi-
ment: it is fast and yet better than just
guessing answers, as one might otherwise
have to do if there were not time to com-
plete the formally correct procedure. Sub-
jects’ early performance in the experiment
provides some preliminary evidence that
the benefits of using the heuristic outweigh
the costs at that point; it is not irrational
sloppiness to use it.

However, there also seems to be less use
of the heuristic in the third through sixth
half-blocks than in the second half-block,
yet the error rate changes little. The best
interpretation of this seems to be the earlier
one for the 56 and 112 trial results of Ex-
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periment 2: By then subjects have had
enough practice with the experimental task,
and are sufficiently proficient with the for-
mally correct procedures, so that these pro-
cedures are now fast enough to be used suc-
cessfully within the time limitations of the
experiment. The subjects therefore decide
to shift toward more use of them.

A final feature of the finer grained in-
formation of Experiment 3 also concerns
how subjects identify appropriate situations
for using the prototypicality heuristic: as
noted, subjects do not appear to make the
fullest use of that heuristic at the very be-
ginning of the experiment—in the first half
of Block 1. The fact that the validity-cen-
trality interaction becomes significant from
the first to the second half of Block [ seems
to exclude an explanation of the time
course of the interaction in terms of sub-
jects just (over)learning and storing the cat-
egory—instance relationships. The evi-
dence seems to suggest that instead, sub-
jects are taking about eight experimental
trials, in addition to the four practice trials,
to come most fully to the decision to use
the prototypicality heuristic. Thus, an ex-
perimental task that is putatively concerned
only with “‘pure’’ deductive reasoning in
fact, like many others in cognitive psy-
chology, also involves an inductive task:
subjects may be using the items they have
already encountered as a basis for reaching
a ““metaheuristic’’ conclusion about what is
an appropriate deductive strategy.

GENERAL DISCUSSION

The above experiments provide some
support for the hypothesis that people use
a formally incorrect deductive reasoning
heuristic that exploits the prototypicality
structure of their mental representations of
categories. Subjects’ use of this prototypi-
cality heuristic should yield a validity-cen-
trality interaction, and this predicted inter-
action does in fact occur under interesting
conditions. Furthermore, there is some pre-
liminary evidence that using the heuristic is
sometimes rational: it seems to pay off with
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lower error rates. The experiments suggest
that it would be interesting to examine the
time course, and effects of limiting sub-
jects’ time, for typicality phenomena in
other domains—notably, sentence verifi-
cation and nondeductive reasoning.

Furthermore, given only an argument
such as ““Some A’s are birds. / Therefore,
some A’s are robins.”’ the subject can in-
terpret the task in at least three different
ways, as (i) inductive, (ii) pragmatic, or (iii)
deductive inference. First, the subject
might regard himself as being asked: Given
the premise, what is the probability of the
conclusion (e.g., is it more likely than not)?
The task then starts to approximate one
used by Rips (1975) in the experiment on
typicality effects in inductive reasoning
mentioned earlier, which was based on
Kahneman and Tversky’s studies of the
representativeness heuristic, and which in-
dicates that subjects inductively generalize
more easily from more ‘‘representative’”’
(i.e., here, typical) instances. Minimizing
content by use of variables like **A" does
not by itself exclude probabilistic rea-
soning.

But more interestingly, the subject might
instead behave as if he were being asked:
If a speaker utters the premise by itself,
would this be misleading if he knows the
conclusion is false? Prototypicality prob-
ably has important roles in the pragmatics
of language understanding. Grice (1975)
proposed some pragmatic maxims we seem
to use in interpreting conversation, and
Clark has developed a theory of the infer-
ences we make by means of them (e.g.,
Clark & Haviland, 1977). Subjects’ use of
these maxims may lead them to make in-
ferences which are logically invalid but are
pragmatically well-founded implicatures in
natural discourse. We can hypothesize that
one conversational maxim involving pro-
totypicality that is relevant here would be,
““‘Given an indefinite assertion about a cat-
egory (for example, of the form, ‘Some
[category] are . . .”), assume the assertion
applies to the more central instances of the
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category, other things being equal; that is,
infer ‘Some [central instances] are. . . .’ ”’
One “‘psychological’’ rationale for this
principle would be based on a common-
sense cognitive psychology hypothesized
to be accepted by speaker and hearer: It
would be misleading for the speaker to
make the indefinite assertion if he knew it
did not apply to central members, because
the speaker can expect the hearer to be
most likely to think (first) of central mem-
bers and least likely to think of more pe-
ripheral members. (For a review of evi-
dence that subjects in fact do think first of
central members, see Rosch, 1977.) A
second ‘‘semantic’’ rationale would be that
peripheral members of the category are
members of it to a lesser degree than cen-
tral members.

Since the present study was concerned
with the basic process of deductive rea-
soning— which should constitute an ele-
ment of the more complex processes of in-
ductive and pragmatic inference—the ini-
tial goal was to isolate the former process
by trying to reduce the latter two. The
above tacit syllogisms seemed less likely to
elicit pragmatic effects than more natural
passages of connected discourse. However,
a future question concerns the role of pro-
totypicality in pragmatics.

It is worth concluding with a brief survey
of the wider import of studies of formally
incorrect deductive heuristics. The rise of
modern logic can be characterized to a con-
siderable extent as a response to the dis-
covery, and recognition of the significance,
of the classical antinomies of semantics and
set theory (see, e.g., Quine, 1966). This
modern era began with the realization of
the importance for semantics of the ancient
“*Liar Paradox’’ (a simplified form is ‘“This
sentence is false’’), and the discovery of
Russell’s Paradox for set theory. It became
apparent that a broad range of such incon-
sistencies was embedded in our conceptual
scheme, lurking in the foundations of logic
and mathematics, even in ordinary dis-
course. The classical response to the par-
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adoxes, which conditions metamathematics
to the present day, is to view them as the
most severe sort of threat to the deductive
sciences: As the logician Alfred Tarski
says, ‘‘The appearance of an antinomy is
for me a symptom of disease’” (Tarski,
1969). Tarski’s remark in fact recalls a mi-
nority opinion of Ludwig Wittgenstein, ex-
pressed 30 vears earlier, rejecting the view
that ““finding a contradiction in a system

. shows that the whole system is dis-
eased’” (Wittgenstein, 1976). Instead, Witt-
genstein proposed that such formal incor-
rectness need not vitiate a deductive
system.

The experiments reported here are part
of an exploration of a more extreme hy-
pothesis than Wittgenstein’s: that, in im-
portant ranges of conditions, formal incor-
rectness may be healthy, a positive virtue
{Cherniak, 1984). The remarkably wide-
spread occurrence of such simple para-
doxes in our conceptual scheme may not
be because of regrettable sloppiness, but
because they are symptoms of formally in-
correct deductive reasoning heuristics we
use which work well in the everyday non-
technical situations we usually encounter.
Furthermore, use of formally correct pro-
cedures here might be paralyzingly costly.

Recent results in the field of computa-
tional complexity theory seem to support
the conjecture of an extreme antagonism
between formal correctness and practical
adequacy: Very briefly, a perfect decision
procedure exists for validity of inferences
in, for example, the monadic predicate cal-
culus (which includes syllogistic infer-
ence)—that is, an algorithm that always
correctly decides for any such inference
whether or not it is valid. But this proce-
dure has been shown to require ‘‘nondeter-
ministic exponential time” (Lewis, 1978).
That is, the computation time required on
even a machine with a kind of unbounded
parallelism grows in the worst cases as an
exponential function of the size of the given
problem. This suggests that, as a practical
matter, such an algorithmic procedure
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sometimes may not be tractable. Even de-
cision procedures for just tautological in-
ference are known to be ‘‘nondeterministic
polynominal complete,”” and are therefore
strongly conjectured to require exponential
time (Garey & Johnson, 1979).

In cognitive psychology, a postulated
process is expected not to require infinite
resources; in a similar way, computational
complexity constraints may sometimes be
relevant to psychological theory. The ap-
plicability of complexity theory to actual
human deductive reasoning is an interesting
area for study, since the population distri-
bution of ‘*hard” cases of the intractable
problems is not yet well understood. How-
ever, acknowledged difficulties of exponen-
tial explosion for algorithmic approaches to
computer theorem proving (and verification
of program correctness) (Newell & Simon,
1976; Rabin, 1974) already suggest that
complexity constraints may in fact some-
times arise early and often enough to con-
stitute serious practical limitations for al-
gorithmic deduction procedures. And al-
though there are no complexity estimates
for nondeductive reasoning, the many re-
cent experiments suggesting surprisingly
widespread formal incorrectness in ev-
eryday nondeductive reasoning (Nisbett &
Ross, 1980) convergently support such a
working hypothesis; indeed, it would pro-
vide a basic element of a unifying frame-
work for these results. Departures from de-
ductive correctness therefore might consti-
tute not regrettable irrationality, but the
most fundamental speed-reliability trade-
off: The compromise with perfect algo-
rithmhood of quick but dirty heuristics may
in important cases be indispensable to
evade computational paralysis. In this way
there is an interesting connection between
empirical studies of putative ‘‘irration-
ality,”” complexity theory, and the devel-
opment of less idealized theories of ratio-
nality.
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