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The causal conception of reasoning

- Reasoning is a causal process,

- in which one mental event
(say, one’s accepting the conclusion of a certain argument)

- is caused by an antecedent mental event
(say, one’s considering the premises of the argument).

(Wedgwood, 2006)
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The case of conditional

» Given two atomic propositions:
AB
- Asserting the conditional statement:
If A, then B
- Implies that:
The speaker is not in a position to know the two propositions are true.

(Ramsey, 1929; Russell, 1906)
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Possible world and closed box

xva.l[
/ I

The Google doodle for Erwin Schrodinger’s 126th Birthday
On August 12, 2013
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The case of conditionals

- MEAZEBIMTE, NHFENBET. ARZEH—KWLEA.

- SRKZEARFHEENTEF, EP=TEFEN, —T2XEN. =
FRENME, BNTNEEENMAERNL. EREFIIEITHSE,
EEMEENEA TDERN—T, WEHFEF.

- BTRTELEREEE 7B, MEFNETF. WRETFENNMIENE
FELNETG—F WHFERLE, HFELNBREESSE), B4
FENMEMEENSE, REMY. FEIRXTHEF (RIRHEFERMA) R
AREREX.

- WRAEFEOMENEFE LMET—F WHFERSE, METE
ERENERTF), BARFENMEMERENS, RERE. B
TEF (RICHEFERMT2) AFRKBO.

- WER, ATNRNSEEETHEP—THEF. NPRERERERITHT
BOfET, ARMERELITAECHE T, MilaEANmME/  HE2I

BTHERIFETF
- REREIFOMNTIREIER)RAZEZNXTFEFZE A B. C. DF
BTN,
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The case of conditionals

AP i

FiBA /N ®

a). Because
FX TR 2 RTEE
xiangzi li shi shanzi/guzheng suoyi Xiaoming hen gaoxing/*shangxin
happy/*sad

yinwei
because boxin  is fan/zither therefore Xiaoming very

Because the box contains a fan/zither, therefore Xiaoming is very happy/*sad.

gt EOL

b). If
mE TR 2 RTEF ilIZ /N
Ruguo xiangzili shi shanzi/guzheng name Xiaoming jiu  gaoxing/shangxin
If box in is  fan/zither then Xiaoming will happy/sad
If the box contains a fan/zither, then Xiaoming will be very happy/sad.
‘ 13s ‘ 1.6s ‘0.95‘ 148 ‘ 148 ‘ 1.4 ‘ 0.9s ‘ 118
o.‘os 13s z.‘gs 3.8s 5.‘25 6.6 8.‘05 8.‘9s 11.08
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Visual World Paradigm: An eye-tracking technique

S| s Seosions
st Blocks Gool
K Cam " Trial:

Visual % AN

R Eyemovements Recording
E i | o e
fan zither
o = 35 &b
H (L O X
£ 11 the b contains o o, then ioming il e very appy
500 ms 1000 s 1000 ms (or Key Press)

(Zhan, 2018b)
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The case of conditionals

Different Same.
800

600

400 Happy
20

o0

400 Sad
m l

Because [ Because [
Sentential Connectives

Counts of Chosen Boxes

Chosen Box [Jlil same_same Box 4) [l same_bifferent (8ox 8) [ Oifferent ifferent 8ox ¢) [Jf|j Closed_same (8ox D)
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The case of conditionals

Same_Same

Same_Different

suopexiy jo uopiodold

2

T

0
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Temporal positions (Seconds)

Sentential Connectives —— Because — If
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The case of disjunctions
« Return to the two atomic propositions:
- The conditional statement:

- Is logically equivalent to:
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The case of disjunctions
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(Zhan, 2018a, 2018b)
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The case of disjunctions

a. And
/NHARY MrE A IS AL S = WA
Xiaoming  xiang zi .1 mnai P "
ou zhi i zhi ong ji
de 1 ¥ 7 niu he ¥ gongJ
Xiaoming’s box in have one-CL cow and one-CL rooster
Xiaoming’s box contains a cow and a rooster.
b. But
/NEREY TR A 2 SR 1 S (= - & S /A L}
Xiaoming ; L1 . 1. nai . ..
xiangzi li you i zhi meiyou gong ji
de g Y Y niu dan you gong]
Xiaoming’s box in have one-CL cow but not rooster
Xiaoming’s box contains a cow but not a rooster.
c. Or
/BRI MrE A I AL SR A = WA
fi(;aommg i(imng 2L you yizhi  npainju huo youzhi gongji
Xiaoming’s box in have one-CL cow or one-CL rooster
Xiaoming’s box contains a cow or a rooster.
| 055 1.8s | 26s | 138 | 15 | 14s [1s | 15 | 145 |
I I I I I I I I I I
0s 058 238 3-98 5-28 6.2s 7.6s 8.6s 9.6s 118

(Zhan, 2018a, 2018b)
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The case of disjunctions

400

3

Counts of Responses
8

Conjunction (S1 and S2) But (S1 but not 52) Disjunction (S1 or $2)
Sentential Connectives

Chosen Box [l 8ox A vig open) [l Box B (smal closed) [Jfij Box ¢ (second mentioned) [l Box o (irst mentioned)

(Zhan, 2018a, 2018b)

Likan Zhan, 2018-12-16 11/16



The case of disjunctions

Box A (big open)

Box B (small closed)

075

050

025
»
2
£ WMW%
ey i
s B0X C (second menioned) Box D (frst mentioned)
2 i
g |
Lo i

050 ;

025 g,

7 A ~v
000 !
¢ 1 2 3 & 5 & 7 & § 1L 110 1 5 & 7 R
Time (Seconds)
Sentential Connective ~ —— Conjunction (S1 and S2) = But (S1 butnot S2) —— Disjunction (S1 or S2)
(Zhan, 2018a, 2018b)

Likan Zhan, 2018-12-16

11/16



The case of negation
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The case of negation
- Given a set of atomic propositions:

- The negated statement:
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The case of negation
- Given a set of atomic propositions:
- The negated statement:

« Is roughly equivalent to:
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The case of negation
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The case of negation

a. But
/NHARY MrE A a2 SRR A& SR (= WS- 2 = /AD Lt}
Xiaoming . - :on;  hai . "
xiangzi li you zhi meiyou gong ji
de g Y y niu dan you gong]
Xiaoming’s box in have one-CL cow but not rooster
Xiaoming’s box contains a cow but not a rooster.
b. Not
/NEREY MTHE KA 2 SAS B ] oo
Zl(laomlng i(.lang z meiyou yizhi gongji dan youzhi nainiu
e i
Xiaoming’s box in not have one-CL rooster but has-CL cow
Xiaoming’s box doesn’t contain a rooster but a cow.
| 58] 1.8s | 16s | 135 | 15 | 145 | 15 s | 145 |
I I I I | I [ l l
0s  0.58 2.3s 3.9 5.28 6.28 7.6s  8.6s 9.6 118
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The case of negation

Counts of Responses

200

But (S1 but not 52) Not (Not S1 but S2)
Sentential Connectives

chosen Box [l Box A vig open) [l Box 8 (smal ciosed) [Jlj Box C (second meniioned) [Jll Box D Girst mentioned)
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The case of negation

Box A (big open) Box B (small closed)

% MM%% o

Box C (second mentioned) Box D (first mentioned)

°
53

Proportions of fixations
>
S

Nttt ey - 4
Lt EPRRTRERG

o 1 6 1
Time (Seconds)

Sentential Connective ~ —— S1butnotS2 —— Not S2 butS1
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The case of epistemic modality

- Conditional, Disjunction, and Negation all involve Modality.

- But, wait, what about the epistemic modals themselves?
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The case of epistemic modality
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The case of epistemic modality

Likan Zhan, 2018-12-16

a. Be
ANIEL:D) T 1R LR
Xiaoming  xiang zi izhi nai
de 1i youyizi niu
Xiaoming’s  box in have one-CL  cow
There might be a cow in Xiaoming'’s box.
b. Might
/N mrE thiF R LSS
fi(;aommg i(ilang zi yexu youyizhi 23111
Xiaoming’s  box in might  have one-CL  cow
There might be a cow in Xiaoming’s box.
c. Must
/NI e AR LUK
;(;aomlng i(ilang Zl yiding  youyizhi Eill
Xiaoming’s boxin  must have one-CL  cow
There must be a cow in Xiaoming'’s box.
Length: | 0~55‘ 178 16s | 1248 1.76s ‘ 1.258 ‘
[ [ [ [ [ [ [
Onset: 05 0.58 2.28 3.8s 5-04s 6.8s  8.058
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The case of epistemic modality

500

400

300

200

mo I
0

Be Might Must
Sentential Connectives

Counts of Responses

chosen Box [l 8ox A (ig open) [l Box 8 (smal ciosed) [l 8ox  (second meniioned) [l Box o (st mentionea)

Likan Zhan, 2018-12-16 15/16



The case of epistemic modality

Box A (big open)

i

Box B (small closed)

°
53

Proportions of fixations
o
3

m

0x C (big_closed)

BoxD

vw{i ,
Wi

(first mentioned)

Maff’% W \

S
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Outstanding questions

- Is modality an essential property in reasoning, especially in
deductive reasoning?

- Is modality important in language itself?
« What are the neural mechanism underling the modal processes?

- Can these observations be generalized to other reasoning
processes?
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