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illusions in Reasoning 
About Consistency 

P. N. johnson-laird,'* Paolo Legrenzi,' Vittorio C i r o t t ~ , ~ , ~  
Maria S. Legrenzi5 

Reasoners succumb t o  predictable illusions in  evaluating whether sets of as-
sertions are consistent. We report two  studies of this computationally intrac-
table task of "satisfiability." The results show that as the number of possibilities 
compatible wi th  the assertions increases,the difficulty of the task increases, and 
that reasoners represent what is true according t o  assertions, not what is false. 
This procedure avoids overloading memory, but ityields illusions of consistency 
and of inconsistency. These illusions modify our picture of human rationality. 

One view of humans is that they are intrin-
sically rational. They rely on formal rules 
of inference similar to those of logic. They 
sometimes misapply the rules, but haphaz-
ardly (1-3). An alternative view is that 
reasoners construct mental models of what 
is possible (4-6). Formal rule theories im-
ply that reasoners should infer inconsisten-
cy more easily than consistency and should 
not make systematic errors. The model the-
ory makes the opposite predictions. The 
results of two studies corroborated the 
model theory. 

The satisfiability problem is intractable 
because a set of n assertions can be inconsis-
tent even though all its subsets of n - 1 
assertions are consistent (7, a), e.g.: If not A 
then B; if B then C; not A and not C. Formal 
rule theories (1-3) have not addressed satis-
fiability, but they imply that the way to eval-
uate it is to try to prove the negation of one 
assertion from the remaining assertions. If 
successful, the set is inconsistent; otherwise, 
it is consistent. A single proof establishes 
inconsistency, but consistency calls for a 
search for all possible proofs to ensure that 
none yields the negation of the assertion. 
Inconsistency should therefore be easier to 
prove than consistency. 

The model theory postulates that reason-
ers try to construct a mental model for each 
possibility (6). Thus, an inclusive disjunc-
tion: Not-A or B, yields models of the three 
possibilities (shown here on separate lines): 
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l a  
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l a  b 
where "la" denotes a model of the negation 
of what A asserts, and " b a model of what B 
asserts. Mental models represent the clauses 
in premises, affirmative or negative, only 
when they are true in a possibility. The aim is 
to reduce the load on working memory. If 
need be, reasoners can try to flesh out their 
models to represent what is false: 

7 a  l b  

a b 


l a  b 
They seldom do so spontaneously (4- 6) and 
thus do not notice that the disjunction is 
equivalent to the conditional, If A then B. 
Moreover, the conditional has a mental mod-
el of the possibility in which the antecedent A 
is true, but only an implicit model-with no 
explicit content-of the possibilities in which 
A is false (shown here by an ellipsis): 

a b 
. . .  

One model can show that a set of assertions 
is consistent, whereas an exhaustive search 
for models is needed to show that the set is 
inconsistent. Hence, contrary to formal rule 
theories, the model theory predicts that 
consistency should be easier to infer than 
inconsistency. The task should be easier 
with conditionals (one explicit model) than 
with disjunctions (three explicit models). 
And there should be an interaction. For con-
ditionals, inconsistency should be harder than 
consistency because the possibilities repre-
sented bv the im~lic i tmodel might conflict 
with asse-tion, whereas t& difficulty 
does arise the same degree with dis-~ ~ t ~ , 

~ , t ~ ~ ~ tjunctions, which have only explicit models. 
Experiment 1 tested the three predictions

c9) .  presents the percentages of correct 
responses. The participants were slightly but 
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Table 1. The percentages of correct judgments in Table 2. The percentage of correct responses in Experiment 2. The participants carried out the 16 
Experiment 1. The participants acted as their own problems in a random order. There were four trials with each of four sorts of problems: illusions of 
controls and evaluated 16 sets of assertions in consistency, their controls, illusions of inconsistency, and their controls. The contents concerned common 
four different random orders. Half the problems objects. The participants' task was posed in the following question: "Is i t  possible that both assertions 
were consistent and half the problems were incon- could be true at the same time?" 
sistent. Half of them were based on two condi- 
tionals and a conjunction, e.g., i f  there is not a nail Illusions of Consistent Illusions of Inconsistent 
on the table then there is a bolt on the table. If consistency controls inconsistency controls 
there is a bolt on the table then there is a wrench --

on the table. There is not a nail on the table and A and/or B, or else B and C A and B Not-B and C Not-A and not-B 
there is a wrench on the table. Half of the prob- B and C 2 99 8 95 
lems were logically equivalent but based on two If A then B, or else A and B A and not-C A and not-B Not-A and not-C 
disjunctions and a conjunction. The number of if C then B 2 89 4 73 
negations was the same in the conditional and If A then B, or else C Not-A and C A and B A and C B and C 
disjunctive problems. The contents of the asser- 26 98 36 85 
tions, as illustrated here, concerned common ob- If A then B, or else B and C A and B Not-A and not-B A and not-B 
jects. The participants' task was posed in the fol- B and C 4 9 7 30 92 
lowing question: "Is i t  possible that all three as- Overall percentages: 9 96 20 86 
sertions could be true at the same time?" 

The two sorts of problem 
of the disjunction is true, the second clause nal. But the illusions have no such implication: 

Conditionals Disjunctions is false. i.e.. there is not both a bolt and a People understand the explanation of their er- 
nail. which is incom~atible with the second rors. They lack the capacity to model both truth 

Consistent problems 93 74 	 assertion. If the first clause of the disjunc- and falsity. Models of truth alone are a useful 
Inconsistent problems 85 73 	 tion is false, there is neither a pin nor a bolt, compromise. But the compromise does lead to 

which is also incompatible with the second systematic errors in reasoning. 
assertion (and the second clause of the 

significantly more accurate in inferring consis- disjunction). Hence, the two assertions are References and Notes 
tency (84% correct) than inconsistency (79% inconsistent. When the disjunction occurs 1. M. D. S. Braine and D. P. O'Brien, Psychol. Rev. 98, 182 

correct; Wilcoxon test,; = 4.8, P < 0.000005). with a different second assertion: There is a (1991). 
2. L, j. Rips, The Psychology of Proof (MIT Press, Cam- 

They evaluated the conditional problems (89% pin and a bolt, reasoners should evaluate bridge, MA. 1994). 
correct) more accurately than the disjunctive the assertions as consistent, because this 3. M. D. S. Braine and D. P. O'Brien, Eds., Mental Logic 
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fore turn to a more surprising prediction. are used (11). Table 2 presents the results of 9. The participants were 522 high school graduates in 
Italy, mean age of about 19 years, who were appli- A computer implementation of the theory the experiment. The participants tended to 
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showed that mental models are sometimes succumb to the illusions (12): 128 partici- highly selective Italian university. The experiment 
wrong about what is possible ( 6 ) .Reasoners pants made more errors with illusions than was carried out in Italian. 


should therefore succumb to illusions of con- with the controls, and there was one tie-an 10. The match between the second assertion and the 


sistency and of inconsistency. An exclusive individual who made no mistakes whatsoever 
second clause of the disjunction is not essential for 
the illusion (Table 2 ) ,  but may enhance it. 

disjunction means that when one clause is (Sign test, P = 0.5'28). Similarly, a predicted 11. The participants were a sample of 129 individuals 

true the other clause is false. But, consider the 	 interaction was highly significant (13): The from the same population as in Experiment 1. 

following problem based on an exclusive dis- difference between the illusions of consisten- 
12. If the participants interpreted "or else" ("oppure" in 

Italian) as meaning an inclusive disjunction, then 
junction expressed by "or else": cy and their controls was larger than the there would be no illusion of consistency in certain 

There is a pin andlor a bolt on the table, or difference between the illusions of inconsis- cases: "consistent" would be the correct response. A 

tency and their controls (Sign test, n = 78, test of native speakers showed that this interpreta- 
else a bolt and a nail on the table. tion is unlikely, and the hypothesis also wrongly 

There is a bolt and a nail on the table. P < 1 in 20 million). predicts that participants will respond "consistent" to 

Is it possible that both assertions could be Experiment 1 suggested that reasoners as- illusions of inconsistency and to  two of their controls. 
13. The model theory predicts that consistent controls true at the same time? sess consistency by envisaging mental models should be easier than inconsistent controls, and for 

As the program shows, the mental models of possibilities. This theory predicts that they the same reason illusions of inconsistency should be 
of the disjunction represent four possibilities: should be vulnerable to illusions. Experiment 2 less compelling than illusions of consistency. Hence, 

the difference between illusions of consistency and 
pin confirmed their occurrence. Indeed. it is striking 

their controls should be larger than the difference 
bolt that individuals go badly wrong with problems between illusions of inconsistency and their controls. 
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