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Abstract 

This paper reviews current psychological theories of syllogistic inference and 
establishes that despite their various merits they all contain deficiencies as theo- 
ries of performance. It presents the results of two experiments, one using syl- 
logisms and the other using three-term series problems, designed to elucidate 
how the arrangement of terms within the premises (the figure’ of the premises) 
affects performance. These data are used in the construction of a theory based 
on the hypothesis that reasoners construct mental models of the premises, for- 
mulate informative conclusions about the relations in the model, and search 
for alternative models that are counterexamples to these conclusions. This 
theory, which has been implemented in several computer programs, predicts 
that two principal factors should affect performance: the figure of the premises, 
and the number of models that they call for. These predictions were confirmed 
by a third experiment. 

I, boduction 

The ability to make deductions that depend on quantifiers is a prerequisite 
for everyday thinking and for mathematics and science. Quantifiers include 

*We thank Stefania Bandini, M. Caterina Gallo, Michele Neri, Giuliano Geminiani and Alison BUack for 
their technical assistance, and Patrizia Tabossi for carrying out a replication of Experiment 2. We are also 
grateful to Steve Hard, Antonella Carassa and Marco Colombetti for their help in devising the colmputer 
programs, to A.R. Jonckheere for stimulating statistical advice, and to Martin Braine, Earl 9. Hunt, Jane 
Oakhill and RUSS Revlin for discussion and criticisms of earlier versions of this paper. Part of our research 
was supported. by grants from the Social Science Research Council and the European Training Programme. 
Reprint requests should be sent to P.N. Johnson-Laird, MRC Applied Psychology Unit, 15 Chaucer Road, 
Cambridge CB2 2EF, U.K. 

0010~0277M/$18.80 0 Elsevier Sequoia/Printed in The Netherlands 



2 P. N. Johnson- Laird and B. G. Bara 

such expressions as ‘all’, ‘most’, ‘some’, ‘few’, ‘more than half’, ‘finitely 
many’, ‘uncountably many’, and so on. A subset of these quantifiers give rise 
with simple predicates to syllogisms, which were originally analysed by Aris- 
totle. A syllogism consists of two premises and a conclusion, which can each 
occur in one of four ‘moods’, which we state here together with their custom- 
ary mnemonics: 

All X ar’e Y (A: a universal affirmative premise) 
Some X are Y (I: a particular affirmative premise) 
No X a.:e Y (E: a universal negative premise) 
Some X are not Y (0: a particular negative premise) 

The arrangement of the terms in *he premises can occur in one of four ‘fig- 
ures’: 

A-B B-A A-B B-A 
B-C C-B C-B B-C 

There are accor’dingly 64 possible logical forms for the premises of a syllogism 
(4 moods for each premise x 4 figures). Twenty-seven of these premtse pairs 
yield valid conclusions interrelating the end terms provided that one bears in 
mind that a corrclusion may take the form A - C or C - A. If one restricts 
the conclusiom to just one form, say C - A, which is the format favoured by 
medieval Scholastic logicians, but not Aristotle, then only 19 pairs of premises 
yield valid conclusions interrelating the end terms. We shall often speak of 
the other prenr:ises as not yielding valid conclusions, but this is a fac;on de 
parler since, ir fact, any set of premises yields an infinite number of valid 
conclusions, e.g. conclusions that consist of conjunctions or disjunctions of 
the premises. The point is that these other premises do not yield a valid 
conclusion interrelating the end terms, and people hardly ever draw valid 
conclusions from them-they either draw a.n invalid conclusion that does 
interrelate the tend terms or they claim that. nothing follows from the pre- 
mi:;es. (The set of syllogistic premises that yield valid conclusions interrelating 
the end terms can be found in the Appendix.) 

:Since the tu.l;n of the century, the majority of psychological studies of 
reasoning with 5rluantifiers have concerned syllogisms (see Evans, 1982), and 
this concentration of effort is sensible, because they lie on the borderline of 
human competence. Some syllogisms are very easy and nearly everyone gets 
them right, bu: others are very hard and nearly everyone gets them wrong. 
For example, given premises of the form: 

Some of the artists are beekeepers 
All the beekeepers are chemists 
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the majority of subjects readily infer the valid conclusion: 

Some of the artists are chemists 

(see Johnson-Laird and Stcxedman, 1078). But, given the premises: 

None of the archer!; are boxers 
All the boxers are clerks 

hardly anyone draws the correct conclusion: 

So:ne of the clerks are not archers. 

Syllogisms therefore make sn excellent test case for cognitive science: they 
are at the centre of quantificational reasoning; they have only a small number 
of different forms; and performance with them varies considerably but has 
yet to be adequately explained. If psychologists prove unable to account for 
how people make these deductions, then they are unlikely to succeed in 
explaining any complex cognitive functions. 

In some areas of cognition, it is possible to develop a theory of competence 
that specifies what the mind has to compute and a theory of performance that 
outlines a plausible algorithm for carrying out these computations. Thus, for 
example, linguists propose theories of competence in the guise of grammars, 
and psycholinguists develop theories 31 performance in the form of parsing 
algorithms. Unfortunately, in the cast of deductive reasoning, no-one has 
ever formulated a theory of competenL,+. ‘The resulting theoretical gap has 
been filled by the largely txcit assumption that since logic encompasses the 
set of valid deductions, it characterizes ideal human competence. This z s- 

sumption leads naturally to the view that performance is based on logical 
techniques for the computation of valid deductions. We will argue in due 
course that it is a mistake to base a theory of competence on logic, and a 
mistake to base a theory of performance on logical techniques. The majority 
of theories of the syllogism, however, have adopted one or other of these 
expedients. 

Our aim is to present a general theory of deductive reasoning that provides 
an account of syllogistic inference as a special case. Our theory has gmvn 
out of a series of earlier studies carried out by the first author and his ad- 

leagues, and we will briefly review them in order to set the present paper in 
its context, The first finding was a striking but problematical clue to perfor- 
m:rnce with syllogisms: the figure of the premises exerts a response bias t)n 
the valid conclusions produced by subjects (see Wason and Johnson-Lair& 
1972). The effect was shown to apply equally to invalid conclusions in an 
experiment carried out with Janellen Huttenlocher, and a hypothesis account- 
ing for this so-called ‘figura!l bias’ was proposed as part of a general informa- 
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tion-processing theory of syllogistic inference (see Johnson-Laird, 1975). The 
experiment and a refinement of the theory, which was modelled in a compu- 
ter program, were presented by Johnson-Laird and Steedman (1978). The 
two fundamental assumptions of this theory are that the premises are rep- 
resented as ‘mental models’ and that thle figural response bias is a reflection 
of how information about the premises is represented in these models. Sub- 
sequent work explored the nature of mental models and led to the proposal 
that they are a general representation used for all sorts of inference, not just 
syllogisms, and for all sorts of discourse (see Johnson-Laird, 1980; 1983). We 
also embas-ked on the present series of experiments, which, as we shall argue, 
cast doubt on the earlier explanation of the figural bias. The present paper 
reports these experiments and presents a new theory of syllogistic inference 
based on the concept of mental models. During the several years that the 
theory has been under development, various ‘snapshots’ of its current state 
have been published (see Johnson-Laird, 1982; 1983), but these accounts 
have been both partial and defective in matters of detail. We have now 
modelled the new theory in a suite of computer programs, and we will present 
the first complete account of its definitive form in this paper. 

The notion of a mental model is a subtle one. Its crucial characteristics as 
far as inference is concerned are that a mental model is finite, computable, 
and contains tokens in relations that represent entities in a specific state of 
affairs. A premise that describes a particular situation can be represented by 
a single mental model even if the description is incomplete or indeterminate. 
The initial model can be thought of as constructed by a procedure that makes 
plausible assumptions on the basis of general knowledge and even makes 
arbitrary assumptions if there is no relevant information. If these assumptions 
turn out to be wrong in the light of subsequent discourse, then the procedures 
can revise the model, if possible, so as to be consistent with the discourse as 
a whole. For example, if you are told that all the women in the room are 
feminists, you may build a model on the basis of the arbitrary assumption 
that there are three women in the room. If you subsequently learn that there 
are five women in the room, then you can revise the model appropriately. 
The content captured in a model is therefore a function of both the model 
and the processes that can revise and evaluate it. In effect, a single model 
csn stand for an infinite number of possibie states of affairs-all those that 
are compatible with the description on which it is based. There are obviously 
limits on the revision of a mental model: people forget the original descrip- 
tion, the process of.revision may place too great a cognitive Icad on the 
system, and so on. Nevertheless, it is possible to advance a psychological 
theory of inference based on this idea of mani@ating mental models. 

There is a general semantic principle thai governs all valid deductions: an 
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inference is valid if its conclusion is true in every po.wible interpretation of its 
premises. All logical calculi are designed to capture the set of inferences that 
meet this semantic criterion, though, as we shall see, not all calculi can com- 
pletely succeed in this task. What the principle means is that in theory any 
deduction can be made using the following general procedure: 

Step 1: construct a mental model of the premises, i.e. of the state of affairs 
they describe. 

Step 2: formulate, if possible, an informative conclusion that is true in all 
models of the premises that have so far been constructed. An informative 
conclusion is one that, where possible, interrelates terms not explicitly related 
in the premises. If no such conclusion can be formulated, then there is no 
interesting conclusion from syllogistic premises. 

Step 3: if the previous step yields a conclusion, try to construct an alterna- 
tive model of the premises that renders it false. If there is such a model. 
abandon the conclusion and return to step 2. If there is no such model. then 
the conclusion is valid. 

If a given conclusion has to be evaluated, then all that is required is a 
simplified version of step 3: try to construct an alternative model of the 
premises that renders the conclusion false. If there is such a model, then the 
conclusion is invalid; but if there is no such model, then the conclusion is 
valid. 

There can, of course, be no general decision procedure for the first-order 
predicate calculus (see e.g. Boolos and Jeffrey, 1980). But, where a model 
is finite and there are only a finite number of alternatives to it, then the 
procedure above yields an effective decision about the validity of any deduc- 
tion. It even works for deductions from the following sort of premises: 

More than half the artists are beekeepers 
More than half the artists are chemists. 

These premises can be represented by the: following model: 

chemist = artist = beekeeper 
artist = beekeeper 

chemist = artist 
chemist beekeeper 

which can be constructed from a knowledge of the truth conditions of the 
premises. The procedures for constructing the model make a number of arbi- 
trary ,assumptions, e.g. that there are three artists, since the meaning of 
‘more than half’ calls only for a plural number of individuals. The model 
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supports an informative conclusion establishing a relation not explicitly stated 
in the premises: 

At least one chemist is a beekeeper. 

Any attempt to build a model in which there is no chain of identities leading 
from a chemist to a beekeeper violates the meaning of the premises. Hence, 
the deduction is valid. What is interesting about this simple inference is that 
it cannot even be expressed within the standard first-order predicate calculus, 
because there is no way to express the quantifier, ‘more than half’, in terms 
of quantification over individuals. To capture this quantifier, one needs to 
quantify over sets, that is, one needs the second-order quantificational c;sl- 
culus (see Barwise and Cooper, 1981). This calculus, however, is ‘incomplete’ 
in that there is no way to specify formal rules of inference for it that enable 
the complete set of valid deductions to be derived. Doubtless, a subset of the 
calculus can be formalized that allows the conclusion above to be derived (cf. 
Keisler, 1970), but the fact that the problem arises at all with such a simple 
inference casts some doubt on the utility of the first-order predicate calculus 
as an implicit model of competence. 

We shall argue that the mental model account of deductive competence 
yields a theory of syllogistic performance that is more psychologically plaus- 
ible than any other theory. The first section of our paper accordingly assesses 
existing theories and establishes that they all have some shortcomings. The 
second section presents the results of two experiments designed to elucidate 
the figural bias. These results 1ea.d us to reject our earlier theory of syllogistic 
inference. The third section of the paper outlines the new theory of syllogistic 
inference, which accounts for all the effects of figure and for the systematic 
errors made by subjects. In the fourth section, we report an experiment 
designed to test the main predictions of the new theory. Finally, in the fifth 
section, we draw some general conclusions about the status of our theory. 

1. Theories of syllogistic inference 

The ‘atmosphere’ hypolhesis 

The early experimental studies of syllogisms concerned the sources of error 
in performance. Woodworth and Sells (1935) proposed that reasoners tend 
to accept a conclusion that is congruent with the mood created by the ‘atmo- 
sphere’ of the premises. The initial hypotheses about atmosphere were 
clumsy, but subsequently a succinct formulation was proposed by Woodworth 
and Schlosberg (1954, p. 846) and Begg and Denny (1969): 
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A negative premise creates a negative atmosphere, even when the 
other premise is affirmative. 

A particular (“some”) premise creates a particular atmosphere even 
when the other premise is universal. 

Since the effect is apparently stronger for valid than for invalid conclusions, 
thcrc must be, as Woodworth and Sells allowed, an independent inferential 
mechanism. 

The main evidence against the atmosphere hypothesis is that when subjects 
are asked to state in their own words what follows from syllogistic premises, 
they often respond that there is no valid conclusion (Johnson-Laird and 
Steedman, 1978). Such responses contravene the hypothesis, because there 
are always two possible conclusions congruent with the atmosphere of the 
premises. Moreover, subjects even make the “no valid conclusion” response 
when there is a valid conclusion, and indeed one that is in accordance with 
the atmosphere. For example, given premises of the form: 

Some B are A 
No C are B 

there is a valid conclusion in accordance with the atmosphere: 

Some A are not C 

yet 60% of subjects responded that there was no valid conclusion, and only 
10% of them drew the valid conclusion. Such evidence casts doubt on the 
generality of the atmosphere effect (see also Dickstein, 1978); we will show 
later that responses that seemingly corroborate its existence can be given an 
alternative explanation. 

The ‘conversion’ hypothesis and the figural effect 

Another potential source of error is the alleged tendency, emphasized by 
Chapman and Chapman (I 959) and Revlis (1973, to make illicit conversions 
of premises. There is evidence (see e.g. Woodworth and Schlosberg, 1954) 
that subjects do fall into the trap of converting symbolic assertions of the 
form: 

All the x’s are y’s 

int 0: 

All the y’s are x’s. 

There is also evidence that subjects reason. more accurately with premises 
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that yield the same valid conclusion even if a premise is converted (Revlis, 
1975; Revlin and Leirer, 19783 and with premises that explicitljl prevent con- 
version (Ceraso and Provitera, 1971). But, these phenomena are a very diffe- 
rent matter from the spontaneous conversion of all premises in the process 
of syllogistic inference. If subjects were automatically lo convert every pre- 
mise--an assumption once adopted by Revlis (1975), though he now holds 
to it less strongly (personal communication)-then premises in the figure: 

A-B 
B-C 

should be just as likely to elicit a conclusion of the form C - A as premises 
in the figure: 

B-A 
C-B 

In fact, 3s we have already mentioned, there is a very n.aeked figural bias. 
Premises in the figure: 

A-B 
B-C 

tend to yield conclusions of the form: A - C, whereas premises iar the figure: 

B-A 
C-B 

tend to yield conclusions of the form, C - A (see Jclnson-Laird, 1975; 
Jolmson-Laird and Steedman, 1978). For sixty years, students of the syllogism 
&d not observe the figural effect, because they assurzcd that medieval 
schokastic logic characterized human competence, and because their experi- 
mental procedures relied on the evaluation of one or more given conclusions. 
Scholastic logic recognizes only conclusions of the form, C - A, and ex- 
perimenters failed either to make systematic comparstiiru with the other form 
of conclusion, A - C, or to determine what conclusic:ms subjects draw spon- 
taneously . 

SyELugistic theories based on Eukr circles 

Complete theories of performance with syllogisms have only recently begun 
to be proposed. They have been based on well-known logical techniques for 
syllogistic inference, and have been intended to account only for the evalua- 
tion of given conclusions. The best known logical technique iti the method of 
Euler circles-a geometrical analogy that the mathematician, Leonhard 
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Euler, used to teach logic to a German princess. The technique was in fact 
invented by Leibniz; it is often confused with a superior technique known as 
the method of Venn diagrams (see below). The basic idea of the Euler 
method is to use circles drawn in the Euclidean plane to stand for sets of 
entities. Hence, each of the four moods of syllogistic premises can be rep- 
resented diagrammatically. A premise of the form ‘All A are B’, requires two 
separate diagrams: in one, the circle standing for A lies entirely within the 
circle standing for B to represent the possibility that set A is wholly included 
within set B; and, in the other, the two circles lie on top of one another to 
represent the possibility that the two sets are co-extensive. Since ‘some’ is 
construed by logicians to mean ‘at least some’ and is accordingly consistent 
with ‘all’, a premise o f the form ‘Some A are B’ requires four different 
diagrams: A intersecting B, A included in B, B included in A, and A co-ex- 
tensive with B. A premise of the form, ‘No A are B’, calls for one diagram 
in which the two circles are wholly separate and do not intersect. A premise 
of the form ‘Some A are not B’, requires three diagrams: A intersecting B, 
B included in A, and A and B wholly separate. 

In order to make a valid deduction, it is necessary to consider all the 
different ways in which the respective diagra,as for the two premises can be 
combined: a conclusion is valid if it holds for all the different combinations. 
The process of checking all the combinations is by no means trivial, because 
there is no simple algorithm for carrying it out and the total number of 
combinations is generally greater than the product of the numbers of separate 
diagrams for the two premises. The reader may care to try to construct the 
complete set of combinations for premises in the form of the easy problem 
presented earlier: 

Some of the A are B 
All the B are C 

We have yet to encounter anyonc who succeeds in this task. There are 16 
different combinations (see belowk, yet even when one knows the number it 
is still difficult to find them all. 

Wason and Johnson-Laird (1972) made an informal theoretical use of 
Euler circles, but Erickson (1974) presented a comprehensive theory of syl- 
logistic perforanance based on them. He assumed that reasoners form rep- 
resentations that are isomorphic to Euler circles, and that they base their 
conclusions on combined representations of the premises. Certain aspects of 
the theory are plausible, but it suffers from one severe problem: the large 
number of different ways in whir3 the diagrams can be combined. Erickson 
accordingly explored three ver,f. u: L. i , W; c,f the theory. The first version assumes 
that subjects construct all pos~il~ie ret .=;-yresentations; this is obvi,ously implaus- 
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ible since it predicts gcrfect performance. The second version assumes that 
subjects construct only one of the many possible combinations of the dia- 
grams representing premises. This version is also implausible since it predicts 
that subjects will always draw a conclusion interrelating the end terms, and 
never respond “no vaiid conclusion”. The third, and most successful, version 
accordingly assumes that subjects construct some but not all possible comhi- 
nations. Erickson does not formulate any comprehensive principles that de- 
termine which combinations are constructed. The theory fits his data only on 
the basis of the estimates of many probabilities concerning both the represen- 
tation of individual premises and the production of combined representations 
(see also Erickson, 1978). The theory is also forced to assume that subjects 
are prey to the atmosp’herc effect, because there arc occasions where an 
overlap between the circles representing A and C needs to be interpreted as 
‘Some A are C’, and other occasions where the overlap needs 10 be ir\~e;‘- 
prcted as ‘Some A are rio? C’. To invoke the atnxxphere effect in order to 
save subjects’ rationality is a paradoxical remedy indeed. 

One way in which to make the Eulerian method more tractable is to aban- 
don circles in favour of strings of symbols, and this motive perhaps lies behind 
the theory developed hy Sternberg and his coileagues (Guyote and Sternberg, 
1981). Corresponding to a diagram of cir& A included wrthin circle B, these 
theorists postulate a representation equivalent to: 

al c I3 
a2 c B 
bl c A 
b2 c .K 

We have used the standard set-theoretic notation instead of Guyote and 
Sternberg’s own symbols. The first two assertions represent set A included 
in set B: al and a2 are disjoint but exhaustive subsets of A. The second two 
assertions represent one subset, bl, of B as included within A, and the other 
subset, b2, as included in its complement, not-A. (In fact, the authors are 
not entirely clear about the status of the tokens, al, a2, bl, b2: they refer to 
them both as subsets and as individual members of the upper-case sets. Since 
their notation is unequivocally interpreted to mean that al is a subset of A, 
we have foXowed this usage, in which case, al and a2 denote subsets of A, 
not members of it.) The numbers of different symbolic representations for 
the four moods are the same as the numbers of different Euler diagrams. The 
procedure for combining the representations is complicated and calls for four 
separate steps, which depend upon two rules of inference: 

(1) If one set (or subset) is included in a second set, and the second set is 
included in a third set, then the first set (or subsetj is included in the third set. 
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(2) If one set (or subset) is included in the complement of a second set, 
and the second set itself is included in a third set, then the first set (or subset) 
is either included or not included in the third set. (Since this indeterminate 
conclusion is true of any two sets, it is not clear why the elaborate antecedent 
conditions are specified.) 

The first step is to construct transitive chains of symbols that represent 
partial combinations of the representations of the premises, which are then 
condensed into a summary of the possible relations between A and C. The 
second step is designed to eliminate some of these partial combinations by 
adding each of them, again using the same two rules, onto the end of the 
representation of one of the premises. If the result is inconsistent with the 
other premise, then the partizl combination is eliminated. The third step adds 
the remaining partial combinations onto the front of the representation of 
one of the premises, compares the resu!t with the other premise, and if there 
is an inconsistency eliminates the yartizl combination. The fourth step com- 
bines the surviving partial combinations into complete ones, and selects a 
matching conclusion, if any, from the list OS’ those presented. 

What is strange about the theory is that having proposed a compiicated 
account of the comLination of representations, it does not locate the causes 
of error in those processes. The theory assumes that subjects represent pre- 
mises accurately, and that the rules of inference are accurately applird in all 
four steps. The theory does assume, however, that subjects may go wrong in 
selecting a conclusion that matches the final combined representation(s). It 
also assumes that subjects are able to consider at most four of the possible 
combinations of representations. Guyote and Sternberg are thereby obliged, 
like Erickson, to invoke the atmosphere effect to save subjects’ rationality. 

The theories based on Euler circles have problems as accounts of either 
competence or performance. On the one hand, the theories deny rationality 
to human reasoners. If people never consider more than four comdinations 
(or some lesser number), then they are irredeemably irratiohral in making 
even the simple deduction: 

Some of the A are B 
All the B are C 
Therefore, Some of the A are C. 

They may reach the right conclusion but they cannot do so for the right 
reasons, because they are unable to consider all1 16 of the possible combina- 
tions. In other cases, they will be unable to deduce the valid conclusion, or 
will draw a conclusion where none is warranted. On the other hand, the 
theories are unable to explain actual performance. To take a typical but 
striking pair of examples, the previous problem is very easy and nearly 
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everyone gets it right, yet it requires 16 different Euler combinations. The 
following premises from ?athich hardly anyone draws the correct conclusion: 

None of the A are B 
All the B are C 

require only six different ccmbinations. Even if we assume that premises of 
the form ‘All the X arc Y’ are represented by only one Euler diagram in 
which X is wholly included within Y (see Erickson, 1978) the position is little 
better: the easy problem requires six different diagrams and the hard problem 
requires five. The number of combinations ought to correlate with the tiiffi- 
culty of the problem., but evidently it does not. Similarly, the Eulerian theo- 
ries contain no machinery accounting for the figural effect on responses. 
Indeed, Guyote and Sternberg claim that there are never more than two 
conclusions consistent with the final combinations of the premises. This claim 
is true only if the subjects’ responses are restricted to Scholastic conclusions-- 
a restriction that indeed applies to the materials used in their experiments. 
A simple counterexample to their general claim is provided by the premises: 

All A are B 
No B are C 

which yield validly any one of the four conclusions: 

No A are C 
No C are A 
Some A are not C 
Some C are not A 

The theories also fail to account for the error of responding ‘no valid conclu- 
sion’ when there is a valid conclusion and, moreover, one that is congruent 
with the atmosphere of the premises. 

S_~iiogi.k theories ba:sed on Venn diagram 

Proponents of humau rationality will rightly reject any theory of syllogistic 
inference that is incompatible with valid reasoning. One alternative that they 
can adopt is a more trtactable logical technique, such as the method of Venn 
diagrams. These diagrams again rely on representing sets as circles, but a 
single comprehensive diagram is used for the syllogism as a whole (see Fig. 
1). The diagram contains three overlapping circles within a square represent- 
ing the universe of discourse; the circles represent the sets A, B, and C 
respectively. A premise of the form, ‘All A are B’, is interpreted by shading 
out those parts of tl;e A circle that do not overlap B so as to indicate that 
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Figure 1. A Venn diagram appropriately shaded to represem the premises ‘All A tire 
B’, ‘No B are C’. 

there are no A’s outside the set of B’s. A premise of the form, ‘Some A are 
B’, is interpreted by drawing crosses in the parts of A that overlap with B: 
one cross in the part of A that is both B and C, and one cross in the part of 
A that is B but not C. The crosses indicate that at least one of these two 
areas is not empty. The premise, ‘No A are B’, is interpreted by shading out 
the overlap between A and B to indicate that it is empty. The premise, ‘Some 
A are not B’, is interpreted by putting crosses in the parts of A that do not 
overlap with B: one cross in the part of A that is not B but is C, and one 
cross in the part of A that is neither B nor C. The crosses indicate that at 
least one of these two areas is not empty. Once both premises have been 
interpreted, any valid relation between A and C can be read off from the 
resulting diagram. Figure 1 presents the Venn diagram for premises of the 
form: 

All A are B 
No B are C 

The shaded portions represent subsets whose existence is ruled out by the 
premises. The diagram establishes the validity of the conclusion: No A are 
C, or its converse. 

Newell (1981) has proposed a theory which, in fact, uses strings of symbols 
to represent the different areas of a Venn diagram and formal rdes o com- 
bine the strings corresponding to the two premises. The premise, ‘All A are 
B’, is accordingly represented by the following string: 
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Net A+B+, Pos X-B+, Pos A-B- 

which means that there are necessarily A’s that are B’s (Newell follows Aris- 
totle in taking universals to establish existence), that possibly there are B’s 
that are not A’s, and that possibly there are entities that are neither A’s nor 
B’s. The fact that the premise renders it impossible for there to be A’s that 
are not B’s is represented by the absence of any string concerning A+ B- . 
As Newell points out, this latter convention makes the notational system 
vulnerable to errors of omission. Newell employs heuristic rules that combine 
strings to form new strings and that compare the result with a given conclu- 
sion. The theory is clearly intended to account for underlying competence in 
evaluating given conclusions rather than to provide a theory of performance. 
It makes no predictions about errors, and it is plainly aimed at illustrating 
how a theory of reasoning can be developed within the framework for study- 
ing problem solving devised by Newell and Simon (1972). 

There is an alternative and perhaps simpler theory on the same general 
lines, which depends on the close relation between Venn diagrams and truth 
tables. If a table of the contingencies corcerning sets A, B, and C, is con- 
structed, using a ‘+’ in the table to indic;:‘;_, a set, and a ‘-’ to indicate the 
complement of the set, then each row in the table corresponds to a different 
area in a Venn diagram. Syllogistic premises can then be interpreted by 
eliminating or establishing rows appropriately. For example, the premises: 

1. Some A are B 
2. All B are C 

yield the following interpretation in the table of contingencies for A, B, and 
c: 

ABC 
Premise 1 establishes 
one or other of these rows I 

+++ 
+ + - Premise 2 eliminates this row 
+-+ 
+ -- 
-++ 
- + - Premise 2 eliminates this row 
-- + 

Thus, the first premise establishes that the overlap of A and B is not empty, 
. and the second premise establishes that the parts of B outside C are empty. 

The first row in the table is therefore definitely established, and so the con- 
clusion, ‘Some A are C’, is valid. (We can now establish directly the number 
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of Euler diagrams required to represent these premises. If one ignores the 
last contingency in the table, which represents those entities that are not 
members of any of the three sets, there remain four rows that are open, i.e. 
neither established nor eliminated by the premises. There are 2’ = 16 joint 
possibilities for them, and hence there are 16 different Euler diagrams repre- 
senting the premises: one diagram for each possibility.) 

Syllogistic inference and the predicate calculus 

As theories of competence, the trouble with Euler circles, Venn diagrams, 
and their symbolic equivalents, is that they cannot be generalized to other 
forms of quantiricational inference, such as deductions that depend on a 
multiple quantification of a single relation within a premise. They simply 
cannot represent both quantifiers in such deductions as: 

Not all voters hate all politicians. 
Therefore, some politicians are not hated by some voters. 

An obvious way in which to capture multiple quantification and a much wider 
range of inferences is to assume a theory of competence based on the standard 
first-order predicate calculus. Linguists such as Chomsky (1977). and 
philosophers such as Davidson (1967). have implicitly adopted such a view 
for some tirne. They assume that sentences have a logical form that calls for 
the’apparatus of quantifiers and variables posited by the calculus. 

The major di,fficulty for the predicate calculus as the basis of a theory of 
competence is the countermtuitive nature of its rules of inference. Of course 
there are many different ways in which to formalize the calculus, but none 
of them uses rules of inference that are immediately obvious to a naive indi- 
vidual. The basic function of the rules is to eliminate the quantifiers so that 
deductions can be made by employing the rules of inference from the propo- 
sitional calculus (which is a part of the predicate calculus). It is a straightfor- 
ward matter to eliminate universal quantifiers: the rule of ‘universal instanti- 
ation’ allows a universal quantifier to be replaced by any constant denoting 
an individual. This rule merely formalizes the notion that if a predicate 
applies to everything in a universe of discourse, then it applies to any indi- 
vidual in that universe. The problem arises with the rule for eliminating the 
existential qtrantifier, ‘for at least some x’. The rule of ‘existential instantia- 
tion’ allows the quantifier to be replaced by an arbitrary constant provided 
that this constant has not occurred elsewhere in the argument. The idea is 
that if a predicate applies to someone or something, then it applies to a 
particular entity, and one can assume that it applies, say, to Fred provided 
that Fred has not already been referred to elsewhere. The concept of an 
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arbitrary constant can be problematic even to students of logic, but the only 
obvious way to avoid the rule of existential instantiation is to opt for a for- 
malization based on the so-called ‘resolution’ rule of inference. Unfortu- 
nately, such systems require the premises to be translated into a very un- 
natural uniform disjunctive form in which existential quantifiers are rep- 
resented by a special function. 

Although no psychological theories have been based directly on the predi- 
cate calculus, Braine and Rumain (1983) have constructed an ingenious set 
of inferential schemata that build quantifiers into the required set of propo- 
sitional rules of inference. Braine and O‘Brien (1983) have proposed two 
rules of inference that could be used to make syllogistic inferences. The first 
rule, like Guyote and Stemberg’s, yields transitivity: 

(1) If all (some) of A are B, and all B are C, then all (some) A are C. 

The second rule applies to negatives: 

(2) If all (some) A are B, and no B are C, then all (some) A are not -C. 

We have here expressed the rules informally rather than in Braine and 
O’Brien’s notation. Their theory is primarily an account of rational compe- 
tence, but it does make some systematic predictions about errors in perfor- 
mance. It accounts for the figural bias in responses on the assumption that 
the rules apply directly to premises in the first figure since the terms occur 
in the rules in the same order as they occur in that figure, whereas they do 
not apply directly to premises in the second figure. Even the adoption of the 
first-order predicate calculus, however, does not suffice for an adequate ac- 
count of competence. There are simple inferences that canso: oe accommo- 
dated within it. For example, the deduction, which we discussed in the intro- 
duction: 

More than half the artists are beekeepers 
More than half the artists are chemists 
Therefore, at least one chemist is a beekeeper 

cannot be captured in the calculus. 
The theories that we have reviewed rely either on formal logic or recog- 

nized logical techniques for syllogistic inference. Despite their many virtues, 
they all have some shortcomings as theories of competence and as theories 
of performance. A theory of competence should at the very least account for 
deductions with singly quantified assertions, with multiply quantified asser- 
tions such as “not all voters hate all politicians’*, and with unorthodox quan- 
tifiers such as “more than half”. Many deductions of these sorts are within 
the competence of ordinary :individuals, but, as we have shown, none of the 
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existing theories can cope with all of them. A theory of syllogistic perfor- 
mance should at the very least account for the the relative difficulty of diffe- 
rent forms of syllogism, for the figural response bias, and for the nature of 
erroneous responses, including those of the type, “there is no valid conclusion 
(interrelating the end terms)“. Not surprisingly given its goals, the atmo- 
sphere hypothesis can account only for some errors and not for those of the 
form “no valid conclusion”; it was not intended to cope with relative difficulty 
or with the figural effect (which was unknown at the time). The conversion 
theories certainly account for some errors and for some aspects of the relative 
difficulty of syllogisms, but they cannot explain either the figural bias or the 
erroneous “no valid conclusion” responses. The Euler circle theories can 
account for some aspects of relative difficulty, for some erroneous conclu- 
sions, including in Guyote and Sternberg’s case certain erroneous “no valid 
conclusi.on” responses, but these theories offer no explanation for the figural 
bias. Th!e Venn diagram theories are not intended to account for performance 
and thus are mute on questions of error and response bias. The predicate 
calculus theory io still under active development; it has yet to be used to 
explain either the relative difficulty of syllogisms or the “no valid conclusion” 
errors. Since the reader may well have lost track of the details, Table 1 
summarizes our review of the strengths and weaknesses of the theories: it 
shows which aspects of competence and performance each class of theories 
explains and fails to explain. Before we can develop a better theory. we must 
obviously elucidate the causes of the ‘figural effect’. 

2. Experiments on the figural effect 

The effect of figure on the form of syllogistic conclusions is extremely reliable 
and sufficiently robust to be readily demonstrated in lectures and laboratory 
classes. The crucial question, of course, is: what causes it? In an earlier 
theory, Johnson-Laird and Steedman (1978) ascribed the effect ta a built-in 
directional bias in the mental representations of premises, which they argued 
were easy to scan in one direction but difficult to scan in the opposite direc- 
tion. These authors recognized, however, that the bias might alternatively be 
a consequence of the mental processes required to form an integrated rep- 
rtissntation of the premises. The aim of our first experiment was to determine 
whether the effect would still occur when subjects were given only a relatively 
short time in which to draw conclusions. If it is created by the processes of 
constructing a model of the premises, then it should certainly occur in these 
circumstances. If it only arises as a result of prolonged cogitation, then it 
should be considerably reduced., In the final analysis, the motivation of the 
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Table 1. Theories of syllogistic inference categorized in terms of their basic mecha- 
nism and evaluated as accounts of rational competence and syllogistic per- 
formance. A ‘+ ’ indicates that at least one theory within the category copes 
with the phenomenon, a ‘- ’ indicates that no thetyry within the category 
copes with it, a ‘+/- ’ indicates that at least one thepry copes with some of 
the phenomena, h*nd a blank indicates that the status of existing theories is 
uncertain. 

--- __-- --.-~----- 

Category of theory 

Atmosphere 
hypothesis 

Conversion Euler 
theory circles 

Venn Predicate 
diagrams calculus 

timpetence with: 
1. syllogisms 
2. Multiple quantifiers 
3. Quantiers like ‘more 

than half’ 

+ + -f- 
+ 

Performance: 1 
1. Relative diiculty of 

syllogisms +/- +/- 
2. Figural response bias _,. + 
3. Erroneous responses, in- 

cluding ‘no valid conclusion’ +/- +/- + 
- 

e:uperiment is not crucial, because it revealed an unexpected phenomenon 
tha! enabled us to reject one of the potential causes of the effect. 

Experiment 1 

Method 

A subject’s task in this experiment was to draw a conclusion from each of a 
series of sensible syllogistic premises. Each pair of premises was presented 
twice to every subject. On the first occasion, the subject had 10 set in which 
to draw a conclusion or to state that there was no valid conclusion that could 
be drawn. After the subject had responded to all of the syllogisms in this 
way, they were re-presented one at a time, together with the subject’s initial 
conclusions. For each problem, the subject now had 1 min i.n which to revise 
the earlier judgement, if need be. The main point of this second phase of the 
experiment was to encourage subjects to make a rapid and intuitive response 
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during the initial phase: they could feel relaxed about these 10 set responses 
because they knew they would have an opportunity to revise them. But, we 
were also interested in whether or not the revisions would yield a greater 
figural effect. 

Each syllogistic premise consisted of a sensible everyday statement of one 
of the four following sorts: 

All of the x’s are y’s 
Some of the x’s are y’s 
None of the x’s are y’s 
Some of the x’s are not y’s. 

There were consequently four choices of form for each premise, and four 
choices of figure for the premises as a whole, yielding a total of 64 different 
pairs of premises. Each subject rece.ived all 64 possible pairs in a different 
random order. 

Procedure and materials 

The subjects were tested individually. They were told that they were going 
to take part in an experiment on how people combine information in order 
to draw conclusions from it. They would be given a series of pairs of state- 
ments about different groups of people, whom they should imagine as assem- 
bled in a room, and they would have to write down what, if anything, fol- 
lowed necessarily from these premises about the occupants of the room. The 
purpose of this instruction was to isolate the contents of the problems from 
the subjects’ attitudes and expectations. They were also told that their conclu- 
sions should be based solely on the information in the premises, and not on 
plausible suppositions or general knowledge. In the first part of the experi- 
ment, they had to draw a conclusion from the presented pair of premises 
within 10 set: they were not to worry if this initial response was wrong, 
because they would have a chance to correct it later. If they considered that 
there was no conclusion that followed necessarily from the premises, they 
simply had to write down, ‘nothing’. The subjects were not given any instruc- 
tions about the interpretation of quantifiers, formal logic, or how to reason. 
There were five three-term series problems as practice trials to familiarize 
the subjects with the timing of the procedure so as to ensure that there were 
no late responses. The subjects then received the 64 test trials. There was a 
pause of 5 min. Finally, each pair of premises was presented again in the 
same order as before, together with the subjects’ previous conclusion. They 
were allowed up to 1 min in which to revise their earlier response. 

The experiment was conducted witSI native speakers of Italian. The con- 
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tents of the syllogism were devised so as to minimize semantic relations bet- 
ween the terms within each premise pair while retaining plausibility for any 
possible conclusion, valid or invalid. This end was achieved by choosing occu- 
pations for the two end terms in each problem and an interest or preoccupa- 
tion for the middle term, for example: 

Nessun magistrato e ornitologo (None of the judges is an or- 
nithologist) 

Tutti i matematici sono ornitologi (Al1 the mathematicians are ur- 
nithologists) 

and: 

4urrIarchitetto e vegetarian0 (Some of the architects are vegeta- 
. 

Qualche vegetarian0 non e notaio (Some of the vegetarians are not 
notaries.) 

Each pair of premises was mimeographed on a separate sheet ot’ paper, and 
the subjects wrote their responses on these sheets. 

Subjecrs 

Twenty volunteers, who were students at the University of Milan, were paid 
lso0 lire to take part in the experiment. None of the subjects had received 
any formal training in logic. One subject gas rejected half way through the 
experiment because she claimed she c&b not make any more inferences 
since she did not knou- the particular kditiduals referred to in the premises. 
She made it clear that she had been attempting to use her persona! experience 
as the basis for her conchrsions (cf. %&t;rer’s (1977) study of syllogistic 
inference among the Kpelle of Liberia). Thss subject was replaced by another. 

The figural bias in responses was highly reliable: in the 10 set presentation, 
equally reliable in the subsequent 60 set presentation, and there was no 
significant diRerenee between the conditions. Smce the results of the first 
phase of the experimen+the 10 set presentation--are likely to have strong 
residual effects on the second phase, we will concentrate on what happened 
in the first phase. ‘IItese results for each of the 64 problems are presented, 
w with other h&rmation, in the four tables of the Appendix (Tables 
9-H). Table 2 shows the percentages of A - C and C - A conclusions that 
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Table 2. The effect of figure on the form of conclusions in Experiment I: the percent- 
ages of A - C and C - A conclusions for each figure. TI;e data in the Ieft- 
hand columns are from the 10 set presentation, and those in parentheses 
from the subsequent 60 set presentation. The balance of the percentages 
consist of ‘no valid conclusion’ responses and the srnal.? proportion of erro- 
neous conclusions that failed to contain both end terms. 

Figure of premises 

A-B B-A A-B B-A 
B-C C-B C-B B-C 

---.- ---.~- -- ---..- - -_-. 

Form of 

conclusion 

A-C 53 (65) 17(19) 21 (31) 21(26) 
C-A. .4 (5) 32 (42) 16(19) gtll) 
--- ___~~____.___..___ --- -----_. _~__ __~__. _ 

were drawn in 10 set for the four figures. All 20 subjects showed the expected 
bias towards A - C conclusions for A - B, B - C premises, and towards C - 
A conclusions for B - A, C - B , premises (p = OS*‘), and the effects were 
equally marked both for valid and invalid premises. They were also reliable 
in an analysis by materials: 28 of the 32 relevant problems yielded the pre- 
dicted bias at both the 10 set and the 60 set presentations, and there were 
only two problems at the 10 set presentation and three problems at the 60 
set presentation that yielded contrary results (Sign tests, p < 0.0001). 

Apart from the figural bias, the most obvious phenomenon in the results 
was the high proportion of ‘no valid conclusion’ responses that occurred in 
the initial phase of the experiment. Table 3 presents the percentages of these 
responses both where they were correct and where they were incorrect. Sur- 
prisingly, the proportion of these responses increases significantly over the 
four figures, with the A - B, B - C figure producing the fewest and the B - 
A, B - C figure producing the most. This trend over the four figures is 
reliable both for the 10 set results (Kendall’s W = 0.447, p < 0.01) and the 
60 sea: results (Kendall’s W = 0.449, p c 0.01). The data also suggest that 
the proportion of these responses declines considerably when subjects have 
the opportunity to revise their responses in the 60 set condition: 66% of the 
occasions on which subjects changed their minds were shifts from ‘no valid 
conclusion’ to a conclusion. This shift is reliable: 17 out of the 20 subjects 
yielded fewer ‘no valid condusion responses in the 60 set condition and only 
one subject yielded contrary results (Sign test, p < O.OOOH), and likewise 52 
out of the 64 problems yielded this pattern of results and only two problems 
yielded contrary data (Sign test, p c O.tIOOOl). 
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Table 3. Ttre e@ct ~_figuxon ‘no valid conch&on’ responses in Experiment I: the 
percen~ges far, premises with Q valid conclusion relating the end terms 
(incomect respomes) and for pmnises without such a valid conclusion (cor- 
rect msponse~). ik da& im the @&amd colunuts are from the IO set pre- 
sen&ation, and Thor in parentka from the subsequent 60 set presentation. 

. 

_i~_ ..~ _... __^_ __ _..____._ _.____ ._._ __ ..- .__.. ^__ I.“._. ._. __..~__ _~ _~_~. 

Fipre of premises 
~_.._ ._-” _ _^. __ - _~~._ -___ _ 

A-B 6 -A A-B B-A 
B-C C-B C-B B-C Cherall 

- - ~___ __________ ,.. ____ _._.~. 

E’rewestihew 
V&d 
bJWCCt) 5s (W 57 WI 70 WI ww 67 W 
--.-_Ii .-s_L--._-I__- --..L._ ._-_ . -_.-_- - -~- - _____._.~ _ 

In the case of the two symmetrkal figures: 

B-A 
:IB” B-C 

there was an interesting tendency: where the conclusion was in the same 
mod as just one of the premises, the end term of the premise tended to play 
the same gramn@cal role in the conclusion as it did in the premise itself. 
FOrktaUCe 9 with premkes of the form: 

AlltheAareB 
!bmeoftheCareB 

a conclusion amtain@ the quantifier ‘some’ tended to take the form: 

SomeoftheCareA 

whereas with premkzs of the form: 

SomeoftheAareB 
Al#theCareB 

a contabbg ‘some’ tended to take the form: 

%meoftheAareC_ 

Theefkctsof a bias tend to cancel out over the figure as a whob 
kau~ of the exbnce of such compk~ntary pairs. Nevertheless, there 
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was evidence for the effect in both the 10 set and the 60 conditions. Since 
the two conditions yielded similar data, we will consider only the 10 set case: 
64% of the conclusions were in accordance with the bias, 24% went against 
it, and the remaining conclusi,ons were in moods that did not correspond to 
either premise (only one subject yielded results that ran counter to the bias, 
and there were two ties, Sign test, p = 0.0001). The bias was, in fact, reliable 
only for the A - B, C - B figure (with no subject yielding results contrary to 
it). In the case of the B - A, B - C figure, there was an overriding tendency 
to draw conclusions of the form A - C: half the subjects drew no more than 
one C - A conclusion for the 16 problems in this figure. 

Finally, there was a type of error that occurred sufficiently often to be 
worth reporting. If one of the premises was of the form, ‘Some of the X are 
not Y’, then several subjects would draw an affirmative conclusion containing 
the quantifier “some’ (see Appendix). This response can be readily explained 
as the result of the subjects taking ‘Some of the X are not Y’ to imply that 
some of the X are Y--an invited inference, which though logically unwar- 
ranted, is highly plausible in everyday life (see Grice, 1975). 

Discussion 

The experiment confirmed the existence of a figural bias even when premises 
are presented only briefly. The most striking finding, however, was that the 
proportion of trialis on which the subjects initially drew no conclusion was 
affected by the figure of the premises (see Table 3). This effect was unex- 
pected. It is worth noting that the symmetric figure B - A, B - C has more 
premises yielding valid conclusions than any other figure, and yet it elicited 
the greatest proportion of ‘no valid conclusion’ responses. A natural explana- 
tion of these responses is that subjects are having difficulty in constructing 
any model of the premises and that they therefore respond that there is no 
valid conclusion. The fact that the difficulty increases over the four figures 
forces us to reject Johnson-Laird and Steedman”s (1978) hypothesis that the 
effect of figure arises from a directional asymmetry in the mental representa- 
tions of the premises. This hypothesis cannot explain the relative difficulty 
of forming initial models, since it postulates effects that can come into play 
only after a model has been constructed. 

The results suggest an alternative hypothesis: the figural effect arises from 
the process of integrating the premises within working memory. It follows 
from this hypothesis that effects of figure should not be unique to syllogisms 
but should also occur with other sorts of inference, including relational infer- 
ences and three-term series problems, such as: 
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Anna is taller than Bertha 
Bertha is taller than Carol. 

Our second experiment was designed to test this prediction. 

Experiment 2 

Previous studies of three-term series problems have invariably employed 
techniques in which subjects are either given a specific question to answer or 
else asked to evaluate a specific conclusion (see e.g. Hunter, 1957; De Soto 
et al., 1965; Huttenlocher, 1968). We therefore decided to investigate what 
happens when subjects have to draw conclusisns in their own words. In order 
to obviate the problem of the ‘markedness”of certain comparative terms (see 
Clark, 1%9), we elected to use problems employing a single relational expres- 
sion, ‘is related to’, denoting kinship. This relational expression ierves as its 
own converse. Since these problems are very much easier than syllogisms, 
we did not expect figure to play so powerful a role in inference because 
subjects should usually be able to integrate the information from the second 
premise into their model of the first premise (cf. Hunter, 1957). Hence, there 
should be an overall bias towards conclusions of the form A - C, particularly 
with the symmetrical figures. But, with premises such as: 

A is related to B 
B is related to C 

there should be an increased bias towards the conclusion: 

A is related to C 

whereas with premises such as: 

B is related to A 
C is related to B 

the bias should be reduced and subjects should more often tend to conclude: 

C is related to A. 

We also systematically manipulated the mood of the premises (affirmative 
or negative) in order to detect whether, as in the previous experiment, when 
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only one premise was in the same mood as the conclusion drawn by a subject, 
its end term played the same grammatical role in the conclusion as in the 
premise, e.g.: 

B is not related to A 
B is related to C 
Therefore, C is not related to A. 

Design 

Th.e subjects drew spontaneous conclusions from 16 pairs of simple relational 
premises: 4 figures x 4 moods. The figures consisted of the four possible 
arrangements of the terms in the premises: 

A-B B-A A-B B-A 
B-C C-B C-B B-C 

The moods consisted of the four possible combinations of affirmative and 
negative premise:,: 

Affirnative Affirmative Negative Negative 
Affirmative Negative Affirmative Negative 

Each subject received the 16 problems in a random order with the constraint 
that each block of four problems contained one instance of each figure and 
one instance of each mood. 

Materials and procedure 

Twenty-four male and 24 female first names, all of two syllables, were 
selected from a list of commonly used names. They were divided into triplets 
of names of the same gender with no names within a triplet having the same 
initial letter. These triplets were then assigned at random to the 16 basic sorts 
of inference in which each premise has the form, ‘X is related to Y’, or ‘X is 
not related to Y’. 

The subjects were told that the experiment was about the way in which 
people combine separate pieces of information. Their task was to say what, 
if anything, followed necessarily from pairs of statements. All the statements 
would be about how people are related to one another, and the subjects were 
to imagine that simple relations, such as brother or sister, were mvolved. 
Finally, the subjects were told that they could take as long as they liked to 
make their responses. 
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Subjects 

Ten students at the University of Sussex were paid Sop to participate in the 
experiment. 

Nearly all the responses to the problems in the mood with two negative 
premises were of the form, ‘no valid conclusion*, and our analysis of the 
results is accordingly confined to the 12 problems in the other three moods. 
All but 8% of the responses to them took the form, ‘X is (not) relnted to Y’ 
or ‘X and Y are (not) related’, and for the purposes of scoring we have simply 
used the order in which the two names occurred as the dependent variable. 
Table 4 presents the percentages of the’ forms of conclusion for each figure 
of the premises. It is evident that there was a general bias towards A - C 
conclusions, and that A - B, B - C premises enhanced the bias, whereas B 
- A, C - B premises eliminated it. Likewise, there was the expected effect 
of mood in the symmetric figure A - B, C - B:‘there was a bias towards A 
- C conclusions except when the second premise was negative, and therefore 
the same mood as the conclusion, in which case there were 60% C - A 
conclusions and only 30% A - C conclusions. The results from the other 
symmetric figure, B - A, B - C, however, failed to yield the appropriate 
switch from A - C to C - A conclusions when the first premise was negative- 
a pattern that was similar to the results of Experiment 1. Overall, 59% of the 
conclusions were in accordance with the biases predicted by the theory and 

Table 4. The eflect of figure on the form of conclusions to the three-term series 
problems in Experiment 2: the percentages of A - C and C - A conclusions 
for the 12 problems in each figure that yielded conclusions interrelating the 
end terms. 

~_______ 

Figure of premises 

A-B B-A A-B B-A 
B-C C-B C-B B-C 

Form of 
condusions 
A-C 77 47 50 70 
C-A 23 43 33 27 
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33% were not, and the difference was reliable both by subjects (Wilcoxon’s 
T = 2.5, n = 8, p C 0.025) and by materials (Wilcoxon’s T = 13.5, n = 12, 
p C 0.025). This pattern of results has been confirmed in a further study 
carried out by our colleague, Patrizia Tabossi (personal communication). 

Discussion 

The results confirmed that figural effects do occur in three-term series prob- 
lems. There was an overall bias towards A - C conclusions, which suggests 
that subjects were generally able to build up a model of the premises in the 
order in which they occurred. This bias was enhanced in the A - B, B - C 
figure, but eliminated in the B - A, C - B figure. 

The figural effect has implications for the various theories of relational 
inference. It provides, for example. an alternative explanation for some of 
the phenomena allegedly caused by the preference for working downwards 
in the mental construction of vertical arrays (cf. De Soto et al., 1965). A 
theory of three-term series problems must allow for the relative difficulty of 
combining information from premises in the different figures-a principle 
that was anticipated by Hunter (1957). However, we shall not pursue these 
implicatiuns here, since our immediate goal is to construct a theory of syllogis- 
tic performance that explains the figural effect. 

3. A theory of syllogistic inference 

Syllogisms call for a special case of the deductive theory based on mental 
models. In this section, we will spell out a theory of the mental processes 
underlymg syllogistic irrlrence and the likely causes of error within them. 
This theory of performance extends and significantly modifies its precursors 
(see Johnson-Laird, 1975; Johnson-Laird and Steedman, 1978; Johnson- 
Laird, 1983); we will describe it in terms of an algorithm implemented in 
LISP-80. The general theory of deductive competence, which was described 
in the introduction, is based on three main steps: the interpretation of the 
premises as a mental model, the formulation of an informative conclusion, 
and the search for an alternative model of the premises that refutes the 
conclusion. We will deal with each of these steps in detail and with how errors 
may arise in each of them. 
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Step I: The interpretation of prkmises 

Mental models represent finite sets by finite sets of mental tokens, and they 
can accordingly be mapped one-to-one onto the states of affairs that they 
represent. However, Euler circles, Venn diagrams, semantic networks, and 
formulae in the predicate calculus, have: no such direct mapping onto the 
states of affairs that they represent. In particular, Euler circles and Venn 
diagrams represent finite sets in terms of non-denumerable infinities of points 
in the Euclidean plane, and semantic networks and the predicate calculus 
represent descriptions in a way that is very remote from the structure of states 
of affairs, i.e. they are mapped into syntactically structured strings of sym- 
bols. A mental model of the assertion: 

All the accountants are pianists 

contains a set of tokens that corresponds to the set of accountants, a set of 
tokens that corresponds to the set of pianists, and a set of identity relations 
between the tokens that corresponds to identities between the entities: 

accountant = pianist 
accountant = pianist 

0 pianist 

Beyond this &morphism, we make no strong assumptions about the way in 
which the information is specifically represented. It is doubtful whether any- 
one wiII ever know much about such matters. In our compilter program, each 
Iine in the diagram above corresponds to a list, and a list of all the lists 
represents the premise. In the interests of legibility, we omit here and 
throughout the paper the parentheses demarcating the lists. The numbers of 
tok!ens are, of course, arbitrary in that they can ‘be recursively revised if 
need be. The zero sign is a symbol used to indicate that it is uncertain whether 
or not the relevant individual-here, a pianist who is not an accountant- 
exists. There is no need for subscripts, since different tokens can be taken to 
represent different individuals unless there is an identity link between them. 

As the example iIIustrates, it is parsimonious to represent the fact that 
there may be certain individuals-pianists who are not accountants-by intro- 
ducing special tokens to stand for them, since in this way one model captures 
the content of the assertion in contrast to the need for two separate Euler 
diagrams, one representing set A included in set B and the other representing 
the two sets as co-extensive. The menta! model does not lead to a combinato- 
rial expIosion, because anything that is predicated so pianists will apply to 
pianists in the uncertain category, too, and will not increas’e the number of 
~bitities. Mental models can therefore directly represent these referential 
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indeterminacies in a way that is computationally tractable, i.e. there is not 
an exponential1 growth in complexity. 

The theory assumes that reasoners construct mental models of the states 
of affairs described by premises. These models may take the form of vivid 
images or they may be largely outside conscious awareness. What is important 
about them, as far as the theory is concerned, is their underlying structure. 
Each list corresponds to a separate individual, and the order of elements in 
a list plays no semantic role but is relevant to the order in which the elements 
are processed. A model of a universal affirmative assertion, such as the one 
above, has the following structure: 

All of the X are Y: x= y 
x= y 

OY 

where the numbers of tokens are arbitrary, and the zero represents an entity 
that may or may not exist. The presence of the definite article in this assertion 
implies that X’s definiltely exist. An assertion of the form, ‘All X are Y’, is 
often taken to have no such existential implication, e.g. ‘All deserters will be 
shot’ can be true even if there are no deserters. Such an assertion can be 
represented by the following model: 

All X are Y: ox= y 
ox= y 

OY 

The representations of the other sorts of assertion that occur in syllogisms 
axe straightforward: 

Some of the X are Y: 
0: = 0; 

None of the X arti Y: X 

X 

Y 

Y 
Some of the X are not Y: x 

X 

ox Y 

Y 
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The notation for negation is simple: it can be interpreted as ai barrier between 
tokens that prevents them from being identified. The model for ‘None of the 
X are Y’ accordingly ensures that no x is identical to any y, and vice versa, 
and that no revision of the model can occur in which such an identity is 
established. The optional x in the representation of ‘Some of the X are not 
Y’ is on the szre side of the barrier as the y’s and could accordingly be 
identical TV one of the y’s. Where a premise asserts definite information 
about an entire set of entities (i.e. there are no optional tokens), as in the Y 
term of ‘Some X are not Y’, the relevant term is ‘distributed’, to use the 
traditional terminology. For instance, in the premise, Some of the pupils are 
not team members’, the term ‘team members’ is distributed because there 
are no team members who are identical to certain pupils. 

Once one premise of a syllogism has been interpreted, it is possible to 
interpret the other premise and to form an integrated model of both premises. 
There are at least two ways in which this process could occur: separate models 
of the two premises could be constructed and then combined to form a single 
integrated model; or, alternatively, a model of one premise could be con- 
structed and then the information from the other premise could be added 
directly to it. In either case, the hinge on which the integration depends is, 
of course, the ‘middle’ term which occurs in both premises. There are no 
obvious empirical consequences that distinguish between these two proce- 
dures. We shall assume that information from one premise is directly added 
to a model of the other premise, but the whole of the following theory could 
be re-expressed in terms of the combination of two separate premises. 

In his prior Andytic, Aristotle argued that syllogisms of the form: 

All A are B 
All B are C 
Therefore, All A are C 

are perfect, because their validity is intuitively obvious and requires no 
further argument (see Kneale and Kneale, 1962, p. 67; Lear, 1980, p. 3). 
Aristotle dealt with other syllogisms and other figures by showing how they 
could be transformed into perfect syllogisms using logical procedures that 
included the conversion of premises. William James (1890) made a similar 
point, arguing that it is easy to integrate two relational assertions of the form: 

A is related to B 
B is related to C 

because the two occurrences of the middle term are contiguous; and Hunter 
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(1957) introduced two mental operations-the conversion of premises, and 
their mental re-ordering-to bring the two occurrences of the middle term 
into contiguity for premises in other figures. This idea can be extended to 
deal with the integration of information in mental models. Our theory makes 
three main assumptilons about these processes. 

First, working memory constrains inferential performance. It has a limited 
processing capacity and there is consequently some difficulty in forming 
within it a representation that integrates the two premises. The problem is 
not simply one of remembering what the premises are: it is not solved even 
if the subjects have the premises in front of them throughout. The crux is 
that both premises must be represented in working memory simultaneously 
in order to integrate them (unless the subjects use paper and pencil or some 
other external aid). The mental model corresl’jonding to one premise must 
accordingly be retained in memory long enouph to allow information from 
the other premise to be incorporated within it. Information in memory, how- 
ever, tends to fade away-whether as a result of interference, decay, or some 
other factor, is a matter that need not concern us here. If part of a mental 
model does disappear, then it can be refreshed only by re-reading and re-in- 
terpreting the premise. 

Second, the first information into working memory tends to be the first 
information out of it. This ‘first in, first out” principle explains why, for 
example, it is easier to recall a list of digits in the order in which they were 
presented than to recall them in the opposite order (see Broadbent. 1958, p. 
E33). The same principle should apply to making inferences, and the natural 
order in which to state a conclusion is the order in which its terms entered 
memory. 

Third, there is likely to be a preference for constructing a mental model 
of the first premise to be presented and then integrating within it the informa- 
tion from the second premise. Where the figure of the premises makes it 
difficult to effect an immediate integration, other operations have to be car- 
ried out, and premises that require these operations will be harder to inte- 
grate because of the increased load on working memory. There are two 
operations that are carried out to aid the integration of premises: 

(1) The interpretation of a premise can be renewed. In this way, it is 
possible to build a mental model of the second premise and then by renewing 
the interpretation of the first premise to add its information to the model. 
This manoeuvre, in effect, re-orders the premises. 

(2) The interpretation of a premise can be switched round in the ‘cognitive 
workspace’ of working memory so that a premise of the form B - A takes 
on the form A - B. 
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The second operation should not be confused with the verbal conversion 
of a premise. The converse of ‘Some A are B’ is ‘Some B are A’ and they 
are equivalent in that when one is true the other is true; the converse of ‘All 
A are B’ is ‘AI1 B are A’ and they are not equivalent. If reasoners invariably 
formed the converse of premises, they would often fall into error (see Chap 
man and Chapman, 1959; Revlis, 1975). The notion of switching round an 
interpretation concerns only the order of the accessibility of information in 
working memory. The interpretation of ‘All A are B’ takes the form: 

a b = 
a b = 

Ob 

where the a’s are the first items into working memory. If this interpretation 
is switched round, it takes the form: 

b= a 
b = a 

Ob 

which is logically accurate, but the b’s will be accessible prior to the a’s. We 
assume, however, that there is some possibility that the optional b that is not 
an a may be forgotten in the process of switching round an interpretation. 
This omission yields the representation: 

b= a 
b= a 

which is inaccurate and may lead reasoners to assume that ‘All B are A’. 
Such errors should occur primarily when reasoners are forced to switch round 
an interpretation of a premise in order to form a unified model. 

We can illustrate the two sorts of operation by considering inferences in 
each of the four figures. 

With premises in the A - B, B - C figure, the two instances of the middle 
term occur one after the other, and it is a straightforward matter to construct 
a model of the first premise and then to integrate within it the information 
from the second premise. Since the a’s will precede the c’s into working 
memory, the ‘first in, first out’ principle leads to a concluoion of the form A 
- C. For example, given premises of the form: 



Same of the A are B 
All the B are C 

a reasoner can construct a model of the first premise: 

b 0: = Ob 

and then add the information conveyed by the seeand premise: 

b = c 
0: = Ob = 

0: 

At this point, step 1 is complete, and a mental model representing the pre- 
ises has been constructed. 
With premises in the B - A, C - B figure, the two instances of the middle 

1 m do not occur one after the other but are separated in time, and cannot 
! 6 immediately integrated. The simplest way to proceed is to construcat a 
illode based on the second premise, C - B, to renew the interpretatiort of 

i the first premise, B - A, and then to effect the integration. The ‘first in, first 
0~:’ principle leads to a conchlsion of the form C - A. Since the procedure 
is slightly more complex than that for the previous figure, it should take 
slightly longer, place a slightly greater load on memory, and therefore lead 
to bn increase in errors. 

With premises in the A - B, C - B figure, there are two possible routes 
to integration. Subjects can canstruct a model af th:: first premise, A - B, 
switch round their interpretatian of the second premise from C - B to B - 
C, and then integrate its information about C. Alternatively, they can con- 
struct a model of the second premise, C - B, renew their interpretation of 
the first premise, A - B, switch it round to B - A, and then integrate its 
information about A. On the plausible assumption that switching round an 
interpretation is a more complex operation than merely renewing an in- 
terpretation of a premise, then the present procedures are more complex 
than those required for the previous figure, since both of the present routes 
call for switching round an interpretation. 

The difficulty should be still greater with the final figure, B - A, B - C, 
since an interpretation has to be switched round in order to construct the 
initial model, i.e. a complete model of a premise has to be manipulated. 
There are again two possible route:;. Subjects can construct a model based 
on the second premise, switch it round from B - C to C - B, renew their 
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interpretation of the first premise, B - A, and integrate its information. 
Alternatively, having read both premises, they can renew their interpretation 
of the first premise, B - A, switch round its interpretation to A - B, renew 
their interpretation of the second premise, B - C, and integrate its informa- 
tion. 

The complexity of the operations required to integrate the premises in- 
creases over the four figures. Hence, the proportion of correct valid conclu- 
sions should decline over the four figures with a correlated increase in the 
number of “no valid conclusion” responses and errors. 

Step 2: The formation of infornuzh+e conclusions 

An important though often neglected fact is that ordinary reasoners spontane- 
ously attempt to formulate conclusions that maintain the semantic content of 
premises and that establish relations between terms not explicitly linked in 
them. If the premises establish a relation between A and B, and a relation 
between B and C, then they try to draw a conclusion that relates the ‘end’ 
terms, A and C. Thus, competence goes beyond logic, since logic sanctions 
any valid conclusion including conclusions that are not informative in this 
way. In the case of syllogisms, there are only a limited number of relations 
that can hold between the end terms, and subjects drawing spontaneous 
conclusions hardly ever depart from them (see Johnson-Laird and Steedman, 
1978). The formulation of an informative conclusion can be explained by two 
principles. First, in forming an initial model, reasoners are guided by the 
heuristic of trying to maximiz e the greatest number of different roles on the 
fewest number of individuals. Second, they derive a conclusion by scanning 
the model and establishing wbat relation, if any, holds between each of the 
end tokens. The middle term therefore tends not to be referred to in the 
conclusion. 

The theory distinguishes four possible relations in a mental model between 
a token of one end term and a token of the other end term: 

(1) There are positive links between them: 

a=b=c. 

(2) They are completely separated by one or more ‘impenetrable’ negative 
barriers, as in these examples: 
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a b = a 
a b = a 

Ob 
.__ - _ b 

C b 
c . 

C 

c 

(3) They are separated by a ‘penetrable* negative barrier, i.e. one that has 
members of the same class (either an end term or the middle term) on both 
sides of it: 

a a 
_-_---. -- 

Oa b = c Oa b 
b = c -___- 

oc C 

C 

The consequences of penetrability as defined in this way will be explained 
presently. 

(4) They are in an indeterminate relation in that they are neither linked 
positively nor separated by a negative barrier. 

These four possibilities are mutually exclusive and exhaustive, though ob- 
viously there may be different relations between different pairs of end terms. 
The formulation of a conclusior depends on the nature of the links between 
all the end terms, but the principles are intuitively obvious: 

(1) If all the links from tokens of A to tokens of C are positive, the conclu- 
sion has the form: 

All the A are C. 

(2) otherwise, if there is at least one positive link from a token of A to a 
token of C, the conclusion has the form: 

Some of the A are C. 

(3) If all the tokens of A are separated by at least one impenetrable uega- 
tive barrier from the tokens of C, the conclusion has the form: 
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None of the A are C. 

(4) If the negative barrier is penetrable (as defined above), then the con- 
clusion has the form: 

Some of the A are not C. 

(5) Finally, if there are only indeterminate relations between the end to- 
kens, then there is no conclusion that can be drawn interrelating them. 

These principles yield, as the output of step 2, the maximally informative 
conclusions consistent with the models. The process of formulating an infor- 
mative conclusion should be relatively error-free in the case of many mental 
models. But, where, there is a load on working memory, thzn we may expect 
errors to occur. In particular, subjects may fail to consider conclusions that 
run counter to the ‘first in, first out’ principle of working memory. This 
failure to scan models in both directions will lead to erroneous %o valid 
conclusion” responses in cases where there is in fact a valid conclusion of the 
form, ‘Some of the C are not A’. 

Step 3: The search for alternative models of the premises 

The theory assumes that reasoners make deductions, not by employing men- 
tal rules of inference, but rather by searching for alternative models of the 
premises that render putative conclusions false. Some premises are compati- 
ble with only one mqdel. Our earlier example of premises of the form: 

Some of the A are B 
All the B are C 

yields the model: 

b = c 
0: = Ob = 

OE 

Step 2 produces the conclusion: 

Some of the A are C 

if the model is scanned in the ‘first in, first out’ direction. It produces the 
conclusion: 



Some of the 6: are A 

if the modes is scanned in the opposite direction. Any attempt to sever the 
positive link from a to c violates the meani f the premises, and hence 
there is no alternative model of the premises. 
there are alternative models, such as: 

ht suppose that 

Such models, however, are not genuine alternatives to the original, because 
they still support the same conclusions. These examples bring out the impor- 
tant point that the search for alternatives aims to establish that a putative 
conclusion is false. The process is accordingly based on an initial model, and 
seeks either to break positive identities or to bypass negative barriers. There 
is no point in merely changing the number of tokens of a particular sort: a 
model is only a genuine alternative if it falsifies a current conclusion. 

Quite how people search for alteinative models is difficult, if not impossi- 
ble, to determine. We do not suppose that they search either randomly or in 
a totally systematic way. A random search could indeed be highly effective, 
For example, you could randomly reorganize the model, check to determine 
that it was still consistent with the premises_ and, if so, then check whether 
it was still consistent with the conclusion. If it was not, then you would knaw 
that the inference was invalid, If it was consistent with the conclusion, then 
you could make another random reorganization, and so on, until you bad 
tried all possible reorganizations consistent with the premises. Such a proce- 
dure wauld work, and would yield only vatid conclusions if it was pursued 
until all possible rearrangements of the model had been sampled: there are 
only a finite number af them. This procedure, hawever, would be very waste- 
ful. At the other extreme, you could follow a totally systematic set of ruies, 
perhaps akin to the semantic methods postulated by Beth (1971) in his formal 
system. Wowever, the variation in performance, both between and within 
subjects, suggests that ordinary individuals follow no such regime. In fact, 
what is crucial to our theory is not the nature of the search for counterexam- 
pies, but the number of genuinely different models that have to be con- 
structed in order to draw the correct conclusion. The principal consequence 
of failing to carry out the search exhaustively, and thus of failing to consider 
all of these models, is of course an invalid conclusion of a predictable type. 

In developing our computer implementation of the theory, we have used 
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a method that depends on five procedures for constructing alternative mod- 
els: 

(1) A procedure that can break positive links. If a model contains an iso- 
lated optional token of’ the middle term, Ob, as in: 

a b=c = 
a =b Oc 

Ob 

the procedure severs the positive link between the end terms and establishes 
a new link: 

a b = 
a =b Oc 

Ob = c 

(2) A procedure that shifts isolated optional tokens of end items round 
negative barriers. For example, the premises, ‘Some of the A are B, None 
of the B are C’ produce the model: 

b 
0: = Ob 

C 

C 

which yields the conclusion, ‘None of the A are C’ or its converse. The 
procedure shifts the isolated Oa round the barrier: 

a b = 
Ob 

Oa C 

C 

to yield a model that is still consistent with premises but that no longer 
supports the same conclusions. It yields instead: ‘Some of the A are not C 
or its converse. 

(3) A procedure that ad& more optional end tokens of the same type to 
be found in a model. Thus; given the previous model, this procedure adds a 
further Oa to yield: 



a b = 
Ob 

Oa c 
Oa c 

and this refutes the conclusion, ‘Some of the C are not A’, thou 
verse conclusion, ‘Some of the A are not c’ remains unscathed. 

(4) A procedure that swaps optional and non-optional middle tokens 
around a negative barrier. Hence, given the model for the premises ‘All of 
the A are B, Some of the B are not 6’: 

a b = 

Oa=b c 
Ob c 

this procedure yields the model: 

Ob 

Oa=b c 
a =b c 

(5) Finally, if a model contains two negative barriers, there is a procedure 
that shifts the tokens of one end term round to the same side as the tokens 
of the other end term. This procedure applied ts the model: 

a 
a 

-- 

:: 

C 

C 

yields: 
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a 
a 

C 

C 

b 
b 

Obviously, we do not wish to defend the detailed psychological reality of 
these procedures. The crucial point is the number of models that have to be 
constructed by them in order to drqv the correct conclusion. Some premises 
require only one model to be constructed: the test procedures cannot yield 
any other model of the premises. Other premises require the construction of 
more than one model. For example, premises of the form: 

All of the A are B 
some of the B are C 

are interpretable in two distinct .iiiodels: 

(1) (2) 
a = b= c a= b 
a =bOc a=bOc 

Ob Ob= c 

The first model yields the conclusion, ‘Some of the A are C’, or its converse. 
The second model rules out both of these conclusions, and so there is no 
valid conclusion interrelating A and C. Still other premises require three 
models to be constructed, e.g. premises of the form, ‘Some of the A are B, 
None of the B are c’. There are no syllogisms that require more than three 
models to be constructed. 

If reasoned carry out all three inferential steps correctly, then their re- 
sponses will be entirely rational. However, since the search for alternative 
models is likely to place a considerable load on working memory, the greater 
the number of models to be considered, the harder the task should be. 

We have now specified the interpretations of the four sorts of premises as 
mental models, the way in which the information from the second premise is 
incorporated within the models, the four principles for assessing the nature 
of the link between a pair of end tokens, the five principles for drawing an 
informative conclusion on the basis of these links, and the five principles for 
forming alternative models of the premises. It is not obvious that these prin- 
ciples suffice to generate the set of alternative models for any syllogistic 
premises, and still less is it obvious what the set of models is for any arbitrary 



premises. Wswever, the principles have been implemented in our most recent 
csmLuter program (written in LISP-g0) and the models that the 
produces for ea 

p 
the 64 forms of syllogistic pre ‘ 

tables in the A 
are presented in the 

dix. The models are shown aer with the correct 
_oncl:tsisns that y should yield if they are all constructed and 
i 7:’ mxt conclusions that they should yield if some of them are n 
Tc~ tables also includ e frequencies with ich each conclusion was drawn 
in Experiment 1 (10 condition) and in periment 3, to which we now 
turn. The reader will note that nearly all of the predicted errors are made by 
subjects, and that very few of the responses in the two experiments fall 
outside the predicted ones. 

4. An experimental test of the theory of performance 

TWQ principal factors shou!d affect the difficulty of a syllogism: the figure of 
the premises, which can make it hard to construct an initial model (in step 
1) and can bias the order in which a conclusion is formulated (in step 2) and 
the number of mental models that have to be constructed, which can place 
an additional load on working memory (in step 3). Experiment 3 was designed 
to test these two predictions and the detailed predictions about erroneous 
conclusions summarized in the tables in the Appendix. 

Experiment 3 

Method 

The subjects attempted to make an inference from each of the 64 possible 
pairs of premises presented with a sensible content similar to the materials 
used in Experiment 1. The subjects were tested individually and received the 
problems in a random order. Their responses were timed but, unlike Exper- 
iment 1, there was no time pressure and thr? subjects could take as long as 
they liked to draw a conclusion. 

Subjects 

Twenty volunteers, who were students at the University of Milan, were paid 
1500 lire to participate in the experiment. None of them had received any 
formal training in logic, and none of them had taken part in such an experi- 
ment before. 
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The results for each of the 64 problems are presented in the tables in the 
Appendix. The figure of the syllogism once again exerted a massive bias on 
the form of the conclusions. Table 5 shows the percentages of conclusions 
that were drawn in the A - C and C - A forms for the four figures. All twenty 
subjects showed the predicted bias toward; A - C conclusions for the A - B, 
B - C figure, and towards C - A conclusions for the B - A, C - B figure @ 
= O.S?o), and the effects were equally marked for valid and invalid conclu- 
sions. They were also reliable in an analysis by materials: 31 of the 32 relevant 
syllopjsms yielded the predicted bias and there was one tie (Sign test, p c 
0.0001). In the case of the symmetrical figures, if only one premise agreed 
with the mood of the conclusion, then, as before, there was a reliable ten- 
dency for its end term to play the same role in the conclusion as it did in the 
premise. For instance, with premises of the form: 

All the A are B 
Some of the C are B 

if a subject drew a conclusion containing the quantifier, ‘some’, then it would 
tend to take the form: 

Some of the C are A. 

Fifty-five percent of conclusions in the symmetric figures conformed to the 
bias and 25% ran counter to it (Wilcoxon’s T = 14.5, n = 18, p < 0.005). 

Table 5. The effect of figure on the form of conclusions in Experiment 3: the percent- 
ages of A - C and C - A conclusions for each figure. The balance of the 
percentages consist of ‘no valid conclusion’ responses and the small propor- 
tion of erroneous conclusions that failed to include both end terms. 

Form of 
condusions 
A-C 
C-A 

A-B 
B-C 

78 
6 

Figure of ;wmiaes 
___-- 

B-A A-B B-A 
C-B C- IB B-C 

10 28 28 
63 23 17 

w-e 
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Table 6. The percentages of valid conclusions drawn in Experiment 3 as a function of 
the figure of the premises and the number of models to be constructed 
(n = the number of problems in each condition). 
--_--_- -._ _.- .._ __--_ ..__ .~.. .--._-- - _.- ~..___.. ._. -._. _ _-.-. .- __-. --_._ . ._“. 

Figwe of premises 
.-_ . -.. .__- ._._ -- ._-...... ..-. ..__.. -._--. _-- . ..-. - .-.- ._..~ -.-- 

A-B B-A A-b B-A Overall 

;-zI, 
C-B C-8 8-C percentage 
(n = 6) (n = 6) (n = 9) (n = 27) 

_ _-~-- .__... -- __ - _ _- -. _~. - _^ . ..- -... . - -. .- ..- .- .~ .-- 

Number of models 
to be constructed 

1 model@ = 11) 90 83 72 43 72 
2 models (n = 4) 30 20 25 
3 models (n = 8) 30 30 3 8 12 
3 models contrary to 3 3 3 

fi8ure (n = 4) 
I_- llll.-_--- ___- -.--.-.--- _--. ~-- 

Overall percentage 
(n = 27) 51 48 35 22 37 

____ .._ _.____ __---- ..-.---. I--. 

The effect was more pronounced for the A - B, C - B figure: 61% of conclu- 
sions conforming to it and 19% running counter to it (Wilcoxon’s T = 3.5, 

= 16, p C 0.005). But, although the effect was smaller for the B - A, B - 
t figure, it was reliable (in contrast to Bxperiment 1): 48% of conclusions 
conforming to it and 33% running counter to it (Wilcoxon’s T = 23.5, n = 
15, p < 0.025). 

The theory predicts that two main factors should affect drawing v&d con- 
clusions: figure and number of models. There are three main sorts of pre- 
dicted response to premises that yield valid conclusions: correct valid conclu- 
sions, incorrect conclusions arising from a failure to consider all possible 
models of the premises, and erroneous responses of the form, ‘No valid 
conclusion’ arising from a failure to scan models in both directions. Table 6 
shows the percentages of valid conclusions as a function of figure and number 
of models. The predicted decline as the number of models to be constructed 
increases is large and extraordinarily reliable (Page’s L = 274.5, t = 5.45, p 

is less than one in a million), The decline in valid conclusions over the four 
figures is also of a considerable size and again extraordinarily reliable (Page’s 
L= 567, z = 5.19, p less than one in a million). There is no apparent 
interaction between these two variables, but it cannot be.assessed because of 
the necessarily empty cells and the unequal numbers of problems in the cells. 

Table 7 presents the percentages of. ‘no valid conclusion’ responses to 
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Table 7. The percentages of erroneous ‘no valid conclusion’ responses in Expcri- 
ment 3 (to premises permitting valid conclusions) as a function of the fisc;*e 
of the premises and the number of models CO be constructed In = the numkr 
of problems in each condition).. 

________-____-___._.._-- --..--- .---- 
Figure of premises 

____.____~ --_- -.._----_---_--- .- 

A-B B-A A-B B - A Overall 

B-C C-B C-B 
;-5q 

percentage 

---.--__-- .-----.-. _-..__ _. .__~~___. _.__.__._.!: =? 
(n = 6) (n = 6) (n = 6) 

Number of models 
to be constructed 

lmodel(n= 11) 
2 models (n = 4) 
3 models (n = 8) 
3 models contrary to 

figure (n = 4) 

0 5 25 28 14 
30 23 26 

0 20 48 45 27 
13 15 14 

Overall percentage 
(n = 27) 4 11 34 34 22 

problems that in fact have a valid conclusion. As predicted, the percentages 
show a tendency to increase over the four figures and also with the need to 
consider more models. These data are obviously not completely independent 
of the percentages of valid conclusions. For the purposes of analysis, how- 
ever, we can take into account all the responses to the premises with valid 
conclusions. It was impossible to use latency as a general measure, because 
there were too many erroneous conclusions. We therefore used a dependent 
variable that combined both accuracy and latency. For each subject, !te 
ranked valid conclusions first, then invalid conclusions, and finally ‘no valid 
conclusion’ responses (on the grounds that they are further from the truth 
for these problems than an invalid conclusion). Within these three categories, 
we ranked the responses according to their latencies. This procedure enabled 
us to rank each subject’s complete performance, which was an important 
consideration because a subject attempted each problem only once. The ef- 
fects of the number of models to be constructed were reliable for each of the 
four figures (Page’s L ranged from 263 to 270, with probabilities ranging from 
p < 0.0002 to O.OOOOO2). Likewise, the effect of figure was reliable for one- 
model problems (Page’s L = 560.5, p < O.OoOOl), it was impossible to assess 
for two-model problems because they only occur in two figures, and it was 
reliable for three-model problems (Page% Z = 539.5, p < 0.002). 
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Table 8. The mean latencies (in set) for the correct vdid conchiom for ten of the 
one-model premises in Experiment 3, 

A-B 
B-C 

Figure of premises 

B-A A-B B-A 
C-B C-B B -c 

Mood of premises 
AA 9.50 12.21 
IA Il.45 21 St3 

Al 13.72 22.59 

EA 12.44 17.92 

AE 13.82 19.62 
_____.__-__.___._ _ ______._._.__ .._ ____--“-._-.___. _- ._ ___- _. _. _. _...“.“. - 

Means 11.5.5 12.88 18.74 22.07 
__I_____ __.. ____ _.._ _ . .._... ___ ___--.. _. .-_.. -.. . - . ._.._ . _... -I -... 

Only the one-model problems yielded enough correct conclusions for their 
latencies to be assessed, and they are summarized in Table 8. The variances 
were large and correlated with the means, some subjects failed to make a 
correct response in some figures, and there was one problem that no-one got 
right. However, we were able to rank the mean correct latencies of 14 sub- 
jects for 10 of the problems as a function of figure. The mean ranks for the 
four figures were: 1.7, 2.3, 2.7, and 3.4 (Page’s L = 387, p < 0.0005). The 
one problem that defeated everyone was in the figure that was predicted to 
be most difficult: 

All the B are A 
All the B are C 

The majority of subjects drew a conclusion of the form: 

All the A are C 

or its converse, which suggests that in swapping round an inteqrretation of a 
premise, they dropped an optional item, i.e. they constructed ;I model such 
as: 

a=bx c 

a=b= c 
oc 
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instead of: 

a=b= c 
a=b= c 

Oa oc 

Premises that do not yield valid conclusions produced an increasing propor- 
tion of correct ‘no valid conclusion’ responses over the four figures: 16%, 
33%, 50%, and 66% respectively (Page’s L = 573.5, z = 5.09, p C 
O.m), and this trend bears out our earlier assumption that it becomes 
progressively harder to form an integrated model as the number of mental 
operations increases over the four figures. Although in the current version 
of the theory these problems all require two models to be constructed, they 
fall into three classes: problems in which both premises are negative (52% 
correct), problems in which both premises contain the quantifier ‘some’ (41% 
correct: the four problems that fall into both of these first two categories have 
been assigned to the present category), and the remaining problems that have 
moods with valid conclusions in other figures (18% correct). The greater 
difficulty of the last category is explicable on the grou,lds that errors will be 
made to them if optional items are forgotten as a result of switching round 
an interpretation. 

5. General discwion 

The theory of syllogistic performance predicts that errors can occur in any of 
the three stages of reasoning: in interpreting the premises, in formulating a 
conclusion, and in searching for counterexamples to it. The overwhelming 
impression made by our results is that these predictions are corroborated. 
First, the figure of the premises can create a bias towards formulating one 
form of conclusion rather than another, and affects the speed and accuracy 
of interpretation. When a figure requires additional operations in order to 
form an integrated model of the premises, then it is harder to draw a conclu- 
sion, and concomitantly the likelihood of responding that there is no valid 
conclusion is greater. Second, the greater the number of models that have to 
be constructed in the search for counterexamples, the harder the task is. 
Moreover, although we have presented no detailed analyses, the erroneous 
conclusions that the subjects drew can be largely accounted for in terms of 
the conclusions that would follow if one or more of the possible models of 



the premises are neglected or if a model is scanned in only one direction. 
Thus, for example, the following erroneous conclusion: 

All A are I3 
Some I3 are C 
Therefore, Some A are C 

might be taken as evidence in support of the atmosphere effect. Yet it is 
plainly explicable on the grounds that subjects consider the following model 
of the premises: 

and overloak the model that refutes the conclusion: 

0: 
” b 
= b Oc 

b = c 
Ob 

Our theory of deductive competence copes with more than just syllogisms. 
It accommodates arguments based on multiple quantification, and on quan- 
tifiers such as ‘more than half’ which go beyond the capacity of the first-order 
predicate calculus. Its instantiation as a theory of syllogistic performance 
explains the figural response bias and the effect af fi ure an accuracy and 
latency. It accounts for the relative difficulty of sylls ms (as a function of 
figure and number of models), and for the pattern of errors. including eanver- 
sion errars (optiop..ai tokens are dropped in the process of switchi 
an interpretation) and erroneous ‘no valid conclusion’ responses ( 

scan models in a direction contrary to the ‘first in, first out’ principle). In 
short, it would receive a ‘+’ in every row of Table 1. What, then, are its 
deficiencies? And what remains to be discovered about syllogistic inference? 

In our view, there are two problems for aur theory af syllogistic inference. 
First, in the case of the symmetric figures we need to discover what causes 
the quantified teerm in the conclusion to tend to match the term in the one 
premise, if any, that has the same mood. This ‘matching’ effec 
but it is reasonably reliable. Second, we need to improve our understanding 
of the detailed nature of the processes governing the formulation of conclu- 
sions and the search for counterexamples. 
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These two problems may be related, as can be shown by the foilowing 
crucial example. The premises: 

All the A are B 
Some of the C are not B 

have two models: 

0: 
= b a = b Oc 
=b Oc a=b Oc 

Ob Ob 
- 
C C 

According to our present theory, when the first model is scanned from a’s to 
c’s, it yields the conclusion: 

Some of the A are not C 

and when it is scanned from c’s to a’s, it yields the conclusion: 

Some of the C are not A. 

When the second model is 
response: 

No va5d conclusion 

scanned from a’s to c’s it yields the erroneous 

whereas scanned from c’s to a’s it still yields: 

Some of the C are not A 

which is the correct conclusion. None of the subjects in either Experiment 1 
or Experiment 3 ever drew the conclusion that violatts the ‘matching’ effect, 
i.e. 

Some of the A are not C 

and this omission is 
general sort. Hence, 
not be correct. 

The next step of 

entirely representative of other premises of the same 
the current procedure for formulating conclusions may 

the argument is complicated and may be ignored by 
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readers interested only in the general nature of the theory. Consider how the 
procedure for formulating conclusions operates when tokens of both end 
items are nor separated by a negative barrier. If there are more tokens of the 
first end item scanned, say a, than of the second end item, c, then the proce- 
dure responds ‘Some of the A are not C’. The motivation for this procedure 
is simple: there are not enough c’s on the same side of the barrier to be 
matched up with all the a’s. Only when further optional c’s arc added in 
constructing an alternative model will the ‘no valid conclusion’ response be 
forthcoming. Thus, in the previous example, the first response (scanning 
from a’s to c’s) is ‘Some of the A are not C’, and the second response (after 
a furrher optional c has been added) is ‘no valid conclusion’. 

It is a fact that whenever lhere is one isolated optional item anywhere in 
a model, the procedures for revising the model can always add others. If this 
principle were recognized by the procedure for formulating conclusions, it 
would merely respond ‘no valid conclusion’ whenever it scannecl one end 
item and then found an isolated optional token of the other end izem on the 
same side of a negative barrier. This slight change to the procedure for for- 
mulating conclusions has a radical effect, as we discovered by implementing 
it in a program. The premises in the example still, of course, yield the first 
model. But, when the procedure scans it from a’s to c’s, it responds: 

No valid conclusion. 

When the procedure scans from c’s to a’s, it responds: 

Some of the C are not A 

because there is a c separated by a negative barrier from all the a’s, The first 
response, ‘no valid conclusion’, plainly does not call for the search for an 
alternative model; and there is no alternative model that falsifies the ,econd 
response. In short, the premises cease to call for two models, since one model 
will suffice. 

The general effect of the revised pracedure for premises with valid eonclu- 
sions is to reduce all three-model problems to two-model problems, and to 
reduce all two-model problems to one-model problems. There is not necessar- 
ily a concomitant reduction in the explanatory power of the revised account, 
since the former two-model problems should remain harder than the original 
one-model problems as a result of the need to scan them in both directions. 
However, the revised procedure has an effect that we did not anticipate. It 
goes some way to solving the first of our problems. In the case of our exam- 
ple, the revised procedure predicts the response: 
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Some of the C are not A 

where C has the same grammatical role as in the premise in which it occurs. 
The converse response, which violates this matching relation and which we 
failed to observe, is no longer predicted. 

There are undoubtedly differences from one individual to another in the 
way in which they make syllogistic inferences. Our alternative implementa- 
tions of the theory suggest a way in which some of these differences might 
be explained. Certainly, the cause of individual differences is a major prob- 
lem that remains to be solved. Another outstanding issue is the development 
of syllogistic ability in childhood. Students of reasoning have perhaps been 
unduly influenced by Piaget’s claim that young children are unable to cope 
with ‘all’ and ‘some’ (see Inhelder and Piaget, 1944). His treatment of quan- 
tifiers was always somewhat peripheral, since his notion of competence was 
so closely tied to the propositional calculus. 

Deductive competence can, in fact, be subsumed under one general prin- 
ciple: validity depends on the absence of counterexamples. Actual deductive 
performance, as out results suggest, can also be subsumed under one general 
principle: the search for counterexamples depends on working memory, and 
anything that increases the load o* % processing capacity is likely to affect 
accuracy, The latter point has en. ,ded from other studies of inference (see 
Johnson-Laird and Wason, 1970; Baddeley and Hitch, 1974; Hitch and Bad- 
deley, 1976; Oakhill and Johnson-Laird, 1983). In a recent unpublished 
study, Oakhill has shown that a simple measure of the processing capacity of 
an individual’s working memory correlates reliably with performance in syl- 
logistic inference (rho = 0.7). 

An earlier theory of performance (Johnson-Laird, 1975) explained the 
figural response bias in terms of an asymmetry in the structure of mental 
representations, but the possibility that it arose from the process that con- 
structed models was a plausible alternative, and spelt out as such by Johnson- 
Laird and Steedman (1978). This principle, which has been vindicated by our 
results, is embodied in the theory of performance, The notion af re-ordering 
and switching round the interpretation of premises is quite explicit in Hunter’s 
(1957) paper on three-term series problems. But the grand ancestor of this 
line of thought is undoubtedly Aristotle. Where the present theory departs 
from ,tradition is in assuming that the operations occur, not on linguistic 
entities, but on their interpretations as mental models. 

The success of the theory of performance strengthens our case that logical 
competence depends, not on mental rules of inference, Euler circles, or Venn 
diagrams, but on the ability to interpret premises as mental models, and to 
search for alternatives that violate putative conclusions. Mental models, un- 



like some of the logical techniques, can cope with any ordinary sort of deduc- 
tive inference. Moreover, since we would not wish to deprecate Leibniz’s 

let circles (and fa to get the credit for it). 
his technique, or e’s genius in formulating 

ue that few people are likely to succeed 
themselves without being aware of it. 

on these methods accordingly run into the great 

quire 
without explicit instruction, a person could ac- 

the complex proeedurk required to set up and to run them. Logic. in 
particular, can be thought of as providing a systematic formal procedure that 
guarantees validity. Our evidence su ests, however, that there is no mental 
logic for quantifiers: ordinary reasoners appreciate the overriding need to 
search for counterexamples to putative conclusions, but they have no machin- 
ery for making the search in a systematic way, and consequently often lapse 
into error. 

Appendix 

Tables 9 to 11 present all 64 pairs of syllogistic premises, the predicted mental 
models, and the results from Experiment I (IO set condition) and from Ex- 
periment 3. Each of the four tables deals with one figure; each cell in a table 
corresponds to a particular pair of premises and presents the models and 
predicted responses produced by a computer program implementing the 
theory. To help the reader, impenetrable negative barriers are drawn as solid 
lines, and penetrable negative barriers are drawn as dotted lines, though no 
such explicit representation is used by the program. Carrect responses are in 
capital letters; responses that are contrary to the figural effect are in paren- 
theses; and responses depending on Gricean implieatures are italicized. A “?’ 
indicates a response not produced by the program that was made by more 
than twa subjects; these responses include those that are predicted bv the 
theory if an optional element is dropped. This aspect of the theory has been 
implemented in a separate program, because, except with AA premises, its 
main effect is to make certain otherwise predicted responses impossible. We 
have therefore not included this fe ture of the theory in these tables. The 
data in the left-hand columns are the numbers of subjects (out of 20) making 
the responses in the 10 set condition of Experiment 1, and the data in the 
right-hand columns are the numbers of subjects (out of 20) making the re- 
sponses in Experiment 3. Where the totals in a cell fail to sum to 20, the 
missing data are idiosyncratic conclusions, e.g. the inclusion of a middle term 
instead of an end term as in ‘Some A are B’. 



52 P.N. Johnson-Laird tmd B.G. Bara 

Table 9 

FigUte: 
A-B First premise 

A 

c 

A 

a= b= c 
a= b= c 

Ob- c 
oc 

ALLAAREC 19 19 
(SOMECAREA) - - 

a= b= c a= b 
&I= b OcOa=b Oc 

ob b= c 
Ob 

SomeAareC 13 13 
(Some Care A) 3 1 
NO VALID CONCLUSION 3 4 

a= b 
a= b 

ob 
-.- 

C 

C 

NOAAREC 11 14 
(NOCAREA) 1 3 
? No valid conclusion 6 _. 

a= b ob 
-____--_ -_______ 

@a= b=c Oa= b c 
Ob c a=b c 

&nneAareftotC 10 15 
(SomeCarenotA) - - 

NOVALID CONCLUSlON 7 1 
SomrAlZRC ,- 4 

I 
l___--- - --.- 

a= b= c 
Oa Ob=c 

ac 

SOMEAAREC 
(SOME C ARE A) 
? No valid conclusion 

16 18 
_ _ 

4 - 

a= b= c a=~ b 0~ 

Oa Ob Oc Oa b = c 
Oh 

Some A are C 12 18 
(Some C are A) - - 

NO VALID CONCLUSION 8 2 

a= b a= b a= b 
Oa=b Oh Ob 

----_--- __------ 

COa c Oa C 

C c Qa C 

NoAareC 3 8 
(No C are A) 3 3 
SOME A ARE NOT C 1 4 
(Some C are not A) - - 

No valid conclusion 12 - 

a= b Ob 
-___-__- --_-___- 

Oa Ob c Oa 
Ob c a=b c 

a=b c 

SomeAarenotC 7 13 
(Some Care not A) - - 

NO VALID CONCLUSION 13 2 
SomeAareC - 2 
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First premise 
E 

__-_._.-.~. .._.__.._____ ___.~_ __..______ 

a a a Oc 
a P Oc a oc 
---I.-- ..__.. ___ ..__. ._ 

b= c b= c b= c 
b= c b=c =c b 

Oc 

No A are C 13 16 
(No C are A) 2 2 
Some A are not C - - 

(SOME C ARE NOT A) - _ 

No valid conclusion 4 1 
.--- ---__.- _.-_--__ --.-_______~__ 

a a a Oc 
a a Oc a Oc 
-- --- --__ - _.___ ..__ 

b= c b= c b= c 
Ob Oc Ob Ob 

No A are C 10 13 
(No Care A) - 1 
Some A are not C _ - 

(SOME CARE NOT A) - 1 
No valid conclusion 9 4 

a a C 

a a C 

b b 
b b 

-- 

C 

C 

No A are C 11 11 
(No C are A) - 1 
NO VALID CONCLUSION 9 5 

---~-- 

a a C 

a a Ob c 
__--__-_ 

b b 
--_-___- 

Ob c 
C 

No A are C 6 4 
(No Care A) - - 

NO VALID CONCLUSIgN 13 8 
Some A are C 1 4 

0 
.- __ . . -_ ____~_ _.~__.. ._____ 

a a Oc 

Oa b= c Oa b= c 
b= c Oa b- c 

Oc 

Some A are not C 5 9 
(Some Care not A) 1 1 
NO VALlD CONCLUSION 8 1 
Some A are C 5 4 

a a Oc 

Oa b= c Oa b= c 
Ob Oc Ob 

Some A are not C 3 8 
(Some C are not A) - _ 

NO VALlD CONCLUSION 13 4 
Some A are C 4 6 

a a C 

Oa b a C 

_._ __.. 

b Oa b 

C b 
C 

No A are C 2 4 
(No C are A) - 1 
NO VALID CONCLUSION 11 2 
Some A are C 5 9 

? Some A are not C 2 4 

a a C 

Oa 0 a Ob c 
___ _..._. _.___ -.. 

Ob c Oa b 
C 

Some A are not C 4 15 

(Some Care not A) _ _ 

NO VALID CONCLUSION 15 1 
Some A are C 1 - 
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Table 10 

FigU~: 
B-A 
C-B 

First premise 

A 

u 
.z 
E 
e 
P 

B 
& 
d 

C 

A 

c= b= a 
c= b- a 

Ob- a 
Oa 

ALL C ARE A 4 15 
(SOME A 4RE C) _ - 

? All A are C 13 2 

c= b= R 
Oc Ob=s 

Oa 

SOME C ARE A 10 19 
(SOME A ARE C) 4 1 

C C C oa 
C C Oa c Oa 

b= a b= a b= a 
b= a b= a b= a 

Oa 

NoCareA 10 12 
(NoAareC) 2 6 
Some Care not A - _ 

(SOME A ARE? NOTC) - - 
No valid conchsion 7 1 

C C Oa 
_----_--_ ________- 

Oc b= a Oc b= a 
b= a Oc b= a 

Oa 

SomeCarenotA 7 7 
(SomeAarenotC) 1 - 
NO VALID CONCLUSION 9 3 
SW&? Care A 2 8 

I 
------__-I 

c= b= a c= b 
Oc= b Oc= b 

Ob Oa b= a 
Ob Oa 

_-- 

Some C are A 9 15 
(Some A are C) 2 4 
NO VALID CONCLUSION 8 1 

c= b= a c= b 
Oc Ob Oa b= a 

Oc Ob Oa 

Some C are A 6 14 
(Some A are C) 4 1 
NO VALID CONCLUSION 9 4 

C C C Oa 
C C Oa c Oa 

-----____ -------__ 

b= a b= a b= a 
Ob Oa Ob Ob 

NoCarcA 
(No A are C) 
Some C are not A 
(SOME A ARE NOT C) 
No valid conclusion 

5 11 
3 - 

1 ; 
12 5 

C C oa 
____-_--- _-_-_---- 
Oc b= a Oc b= a 

Ob Oa Ob 

Some C are not A - 3 
(Some A are not C) - 1 
NO VALID CONCLUSION 17 10 
Some Care A 1 5 

-_ - 
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First premise 

E 

c= b 

c= b 

Ob 
---11 

a 

a 

NOCAREA 8 12 

(NO A ARE C) 4 2 

? No valid conclusion 7 3 

__-___.._ .__.. ~. _._.__ _ __.. ___ _ ._.. -_ _. .- .-. 

c= b c= b c= b 

Oc Ob Oh Ob 
____ _. _ _ 

a Oc a Oc a 

a a Oc a 

NoCareA 2 3 

(No A are C) 4 2 

SOME C ARE NOT A 2 6 
(Some A are not C) - _ 

No valid conclusion 12 4 
__ 

C C a 

C C a 
-- -__- 

b b 

b b 

a 

a 

No C are A 
(No A are C) 
NO VALID CONCLUSION 

-- --.- 

C C a 
. . _ - - 

Or. b C a 

b iJc--b--- 

a b 
a 

NoCareA 
(No A are C) 
NO VALID CONCLUSION 
Some Care A 
? Some C are not A 

1 
7 

11 

--. 

1 

15 
2 
1 

0 

c= b Oh 

Oc=Ob a Qc= b a 
Oh a c=b a 

Some C are not A 8 14 
(Some A are not C) - - 

NO VALID CONCLUSION 9 4 
Some Care A I 1 

c= b Oh 

Oc Ob a c=b a 

Ob a c=b a 

oc 

Some C are not A 7 13 

(Some A are not C) 1 - 
NO VALID CONCLUSION 9 4 
Some Care A 2 3 

C C a 

C c Ob a 

b b 

Oh a 

a 

NoCareA 4 4 
(No A are C) - 2 
NO VALID CONCLUSION 13 12 
Some Care A 1 - 

i C a 

Oc b c Ob a 

ObaOc b 
a 

Some C are not A 2 6 
(Some A are not C) 1 1 
NO VALID CONCLUSION 13 10 
Some Care A 2 2 
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Table 11 

Figure: 
A-B 
C-B 

First premise 
A 

a= b= c a= b 
a= b= c a= b 

Ob b= c 
Ob b= c 

Ob 
Ob 

All A are C I3 9 
All C are A - 2 
NO VALID CONCLUSION 12 7 

-- 

a= r c a= b b 
Oa= b Oc Oa= b 

Ob b= c 
Ob Oc 

Some A are C 1 - 
Some C are A 9 10 
NO VALID CONCLUSION 10 9 

a= b 
a= b 

Ob 

C 

c 

NOAARJZC 3 6 
NOCAREA 9 8 
? No valid conch&on 8 6 

a= b a=b Oc 
Oa= b Oc a= b Oc 

Ob Ob 
---_-__-_ --------_ 

C c 

SomeAarenotC - - 

SOMECARENOTA 8 4 
No valid conclusion 9 9 
SomeCareA - 4 

1 
- ~._ 

a= b= c a= b 
On Ob = c Oa b = c 

Ob Ob= c 
Qb 

Some A are C 
Some C are A 
NO VALID CONCLUSION 

-__ -_- -...._ - -- .._ -- 

a= =c b a=b Oc 
Oa Ob Oc Oa b = c 

Ob 

Some A are C 
Some C are A 
NO VALID CONCLUSlON 

-.. 

12 11 
- 4 

6 3 

4 7 
- _ 

15 II 

a= b a= b a= b 
Oa Ob Ob Oh 

_ _ _ _. _ _ _ _ . - _ - 

c Oa c Oa C 

C c Oa C 

No A are C - - 

NoCareA 6 6 
SOME A ARE NOT C 1 - 
Some Care not A _ - 

No valid conclusion 13 13 

a= b a= b 
Oa Ob G< Ob Oc 

1-. ______ _______A. 

c Oa c 

Some A are not C - 1 
Some Care not A 1 s 
NII I VALID CONCLUSION 17 6 
Sme Care A - 2 

-. 



a 
a 

b= c 
b= c 

Ob 

’ NOAAREC II 
NOCAREA 3 
? Na valid conclusion 6 

a H a 0c 
a a Ok a Qc 

E 

b= e h= e 

oboe ob 

No A are C 
NoCoreA 
Some A are not C 
SOME C ARE NOr A 
Na valid conch&a 

a a C 

H a c 

b b 
b b 

- 

C 

C 

No A are C 
NaCareA 
NO VALID CONCLUSION 

a a c 
a a C 

___~_~___ 

h b Oc 
b Oc b 

_ _..*_--- 

C 

No A are C 
NoCanA 
NO VALID CONCLUSION 
Some Care A 

b= c 
Ob 

5 

2 
12 

I 

19 

1 
2 

13 
1 

I 

I 

18 

SOME A ARE NOT C 
%mc C are tw A 
No valid conclusion 
Swrw A are C 

a a tk 

ila b= c tlk b= c 
ob (k Ub 

3 

13 
1 

Some A are not C 
Same C are not A 
NO VALID CONCLUStON 17 

_, 

a a 

Ok b a 

b 0a b 

c b 
c 
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Table 12 
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Rbumt 

Dans cet article sont pasties en revue les theories psychologiques du traitement d-s syllogismes. On Ctablit 
qu’en dCpit de leurs mCrites varies toutes sont en d&fault en tant que theories de la performance. On prCsente 
les r&ultats de deux expCriences. une utilisant des syllogismes et I’autre des problkles avec des s&ies de trois 
termes consues pour elucider comment I’arrangement des termes dans les premises (“figure” des premises) 
affecte la performance. Ces donntes sont utiliskes pour construire une thCorie fond&e sur I’hypoth&sc que les 
gens construisent des mod&les mentaux des premises, formuient des conclusions explicites sur les relations 
dans le modele et cherchent des mod&les qui seraient des contre-exemples pour leurs conclusiocs. Cette 
theorie, utilide dans plusieurs programmes d’ordinateur, prrSdit que deux principajlx fact&s affectent la 
performance: la figure des premises et le nombre de; mod&les qu’ils mettent en jeu. Cette predit.tion est 
confirmte dans les trois exptriences. 


