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Psychology of deduction: famous importer of classical logic

@ Euler circles
(Erickson, 1974)

o First-order models
(mental models theory;
Johnson-Laird, 1983)

@ Natural deduction proofs

(mental rules theories; e.g., Rips,
1983)
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o Fixed task interpretation, e.g., logical consequence

Deduction rejected by psychology

@ ‘a progressive movement away from logicism’ (Evans, 2002)

@ ‘human rationality . ..defined not by logic, but by probability’
(Oaksford & Chater, 2009)




The non-logical alternative
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But there are many logics. . . some already in psychology

@ System P
(Da Silva Neves, Bonnefon &
Raufaste, 2002)

@ Generalized quantifier logic
(Geurts, 2003)

@ Logic programming
(Stenning & van Lambalgen, 2005)

@ Even probability logic

You also need a theory of Interpl’etatlon
(e.g.. Henle, 1962; Quine, 1966; Smedslund, 1970; Geis & Zwicky, 1971;
Stenning & van Lambalgen, 2008, and many many others!)



This talk

@ A deductive probability logic
@ Data on people doing deduction

@ Steps towards a cognitive process theory of how



Coherence-based probability logic

Coletti and Scozzafava (2002) (imported by Pfeifer & Kleiter, 2005, 2009)

Three semantic values: true, false, and void

Degrees of belief: all R between 0 and 1

Imprecise probabilities, e.g.,
0.0 < P(Blair prosecuted for war crimes) < 0.2

Efficient computational methods for inferring extensions, e.g.,
find x:

P(BIA) =7, P(A) =7 | P(B)=x

Bridges to nonmonotonic logics



Semantic values

(e.g., de Finetti, 1937,/1980)

A B ADB AAB BJA
true true true true  true
true false false false  false
false true true false  void
false false true false  void




Semantic values

(e.g., de Finetti, 1937,/1980)

A B A>B AAB B|A

true true true true  true
true false false false  false
false true true false  void

false false true false  void

@ In probability logic, B|A is a fully respectable connective
@ Not only defined for conditional probability P(B|A)

@ Same semantic values as the ‘defective’ conditional
(Johnson-Laird & Tagart, 1969)

o Justifiably not defective!



Inferring interpretations: probabilistic truth table tasks

(Evans, Handley & Over, 2003; Oberauer & Wilhelm, 2003)

@ Cards drawn randomly from a shuffled deck
@ Each card has an element on two dimensions
@ Joint frequencies are provided numerically, e.g.,

1 yellow circle

4 yellow diamonds
16 red circles
16 red diamonds

@ What is the probability that the following sentence is true
If the card is yellow then it has a circle printed on it?



Previous results: two main interpretations
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Interpretations

1 vyellow circle

yellow diamonds P(circle|yellow) = 1/5
i P(yellow A circle) = 1/37
16 red circles

16 red diamonds P(yellow D circle) = 33/37



Interlude: more on the conditional event interpretation

(Evans, Handley, Neilens & Over, 2007)

Those who favor a ‘defective truth table’. ..

A B BIA

true true true
true false false
false true void
false false void

... also go for the conditional probability on probabilistic tasks
P(B|A)

Reason: they're both just the conditional event.
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Conditional event

@ Based on the Ramsey (1929/1990) test
@ Hypothetically assume A, fix degree of belief in B
e Evans et al. (2003): compare P(A A B) with P(A A —B)

Conjunction: a partial representation/computation

@ Johnson-Laird and Byrne (2002): en route to D

@ Evans et al. (2003): incomplete Ramsey test

V.

Conjunction: a ‘permissible’ interpretation

Edgington (2003): conditional event interpretation, but. ..

© Considering when B|A gets semantic value true
@ What's the probability of this? P(AA B)




The dice task

(Fugard, Pfeifer, Mayerhofer & Kleiter, under revision)

@ Perhaps the numerals (conjunctions!) led to P(A A B)

@ Replace with pictures

e Joints (e.g., red squares) and marginals (e.g., squares)
equally countable

Respond ‘x out of y'—no rescaling to a %
Ask about weaker ‘holds’ rather than ‘true’

Study interpretation stability (71 items—all combinations)

e 6 o6 o

66 (psychology) + 65 (non-psych, non-maths, non-logic)
undergraduate students



Some people shift their interpretation

(Fugard, Pfeifer, Mayerhofer & Kleiter, under revision)
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Proportion of participants
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In the beginning | always responded
out of 6 but then somewhere in the
middle... Ah! It clicked and | got it.

| was angry with myself that | was
so stupid before.




First clue: ‘cognitive ability’ predicts interpretation

(Evans, Handley, Neilens & Over, 2007)
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First clue: ‘cognitive ability’ predicts interpretation

(Evans, Handley, Neilens & Over, 2007)

AH4 composite

100
1

i

- @ Used composite score from AH4 test:

e Verbal-analytic reasoning
e Visuospatial reasoning

80
|

60
|

@ Interpreted as reflecting working memory

@ Byrne and Johnson-Laird (2009, p. 286)
note that this result ‘/s a conundrum’ for
their mental models theory.
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Second clue: developmental shift from A A B to B|A

(Gauffroy & Barrouillet, 2009)
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Second clue: developmental shift from A A B to B|A

(Gauffroy & Barrouillet, 2009)

o Conjunctive  mDef Cond
B DefBicond £ Other

90%

80% |
@ Working memory capacity

explanation back again

70%

60% - .
@ New version of mental

50%1 models theory:

0% dual-processes

+
explicit representation of
void possibilities
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The link with WM?

Barrouillet et al. (2008), with notation by Oberauer and Oaksford (2008)

Heuristic process




The link with WM?

Barrouillet et al. (2008), with notation by Oberauer and Oaksford (2008)

Analytic process

( A -B ) ( A -B )
(-A B )
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An alternative hypothesis

@ Initially all possibilities are relevant as you don't know what
the possibilities are:

@ Conjunction still sees all possibilities as relevant:

© Conditional event requires ignoring some of the possibilities:




Competing memory processes

@ Working memory not a passive bucket of data

@ Various competing bottom-up vs. top-down memory processes
(e.g., Braver, Gray & Burgess, 2007)

@ Idea: (useful) working memory processes might need to be
inhibited to compute the conditional event interpretation



Experiment: probabilistic truth table and working memory

@ 80 students (40 females and 40 males)
o Aged 18-32 (M =22.8; SD = 2.7)

@ No psychologists or people trained in logic



2-back task

Adapted from Kane, Conway, Miura and Colflesh (2007)

e flz2ffal1ls]s .
no no yes no

\

@ Sequence of numerals shown sequentially one at a time
@ Compare current numeral with numeral seen two steps before

@ If they are the same, then press ‘yes’, otherwise ‘no’
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n-back conditions

Target 2-back (18 trials)

~1ell2 a1 ][3]s .
no no yes no

[
-

Lure 1-back (9 trials)

SICHER(EN | R
no no

no no

[
|

Lure 3-back (9 trials)

SN ENEN R
no

no no no

[
-

Again: initially all items are relevant



Hier ist der Kartenstapel 9

Die Karten sehen so aus:

Die Karten werden gemischt. Eine zufallige Karte wird gezogen.

Wie sicher konnen Sie sein, dass der folgende Satz stimmt?

Wenn die Karte ein Auto zeigt, dann zeigt die Karte blau

DausD
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Probability of B|A interpretation as a function of

item position and 3-back lure score

e
—
goq_ Max
o o
(o8
0
[
= @ |
< o
@ Mean
o
<
2 o
=
3
S 3 -
D- .
Min
e |
o

I T T T T I
0 10 20 30 40 50

Item position



Support for the conjecture

Inhibition necessary for the conditional event interpretation

Not sufficient: how exactly does understanding of ‘if’ develop?

Correct response on 3-back lure also g-loading
(Gray, Chabris & Braver, 2003; Kane et al., 2007)

Consistent with (and delves inside) ‘cognitive ability" story



Conclusions

Probability: just another deductive logic!

Deduction requires (often demanding) interpretation processes

Interpretation (partially) depends on cognitive control,
executive function, self-regulation, meta-cognitive,
... function(?)

People can shift their interpretation on conditional tasks
(and some have an ‘Oh damn!" experience?)

>Term introduced by Stenning and van Lambalgen (2001)
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