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Introduction: Numerous studies have demonstrated that comprehending counterfactual condi-
tionals (e.g., “If he had woken up early, he would have gotten Sangak (bread)”) involves acti-
vating two distinct meanings: 1) The conjecture (getting Sangak) and 2) The presupposed facts
(not getting Sangak). The present study aimed to compare the timing and sequence of activating
these two meanings during the comprehension of affirmative and negative Persian counterfactual
conditionals.

Methods: The database used in this study consisted of 256 short scenarios, organized into eight
sets of 32. In each set, half of the short scenarios were affirmative counterfactual conditionals, and
half were negative. Using a visual-world paradigm with eye-tracking, this research examined the
activation of both meanings during sentence processing. Fixation probability data from 32 native
Persian speakers (21 women, 11 men; mean age=22.34 years) were analyzed.

Results: The results revealed that during the comprehension of both types of counterfactual con-
ditionals, Persian speakers represented both meanings. They first activated and fixated on the pre-
supposed facts before considering the conjecture. Eye-tracking data revealed significantly longer
fixation durations on presupposed facts compared to the conjecture, across both types of sentences.
Observations on how the specificity of presupposed facts influenced fixations in both types of
sentences suggested that the higher specificity of presupposed facts in negative counterfactuals
led Persian speakers to focus on them earlier, though fixation durations did not differ significantly.
Conclusion: Findings align with the Mental Model Theory and Reality Bias in the comprehension

and processing of counterfactual conditionals in Persian.

Citation: Heydari F, Bahrami-Khorshid S, Golbazi Mahdipour A, Taheri M. Understanding counterfactual conditionals in
Persian: Evidence from eye-tracking. Advances in Cognitive Sciences. 2025;27(4):87-100.

Extended Abstract

Introduction

A counterfactual conditional, such as “If he had woken situation—expressing hypothetical possibility, desirabil-
up early, he would have gotten Sangak (bread)”, exhibits ity, or intent (explicit meaning)—while the second layer
a dual-layered semantic structure comprising two distinct signals its non-occurrence (implicit meaning). Together,
components. The first layer conveys the potentiality of a these components constitute the core meaning of counter-

8 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-4509-0439
https://doi.org/10.30514/ICSS.27.2.1
http://orcid.org/0000-0002-4461-3584
http://orcid.org/0009-0001-7238-8919

IF-F (3l < F & jlasis < PV 8 593

ESLb egls (slmajl Al

factuals (3). Cognitive theories diverge in their accounts
of how counterfactuals are processed. Some propose that
comprehension depends solely on representing the explic-
it meaning (4, 5), whereas others, such as Johnson-Laird
and Byrne’s Mental Model Theory, posit that successful
interpretation requires integrating both semantic layers:
The explicit (conjecture possibility) and the implicit
(presupposed facts possibility) (6, 7). According to this
view, comprehending a counterfactual entail mentally
representing at least two possibilities—one reflecting the
explicit hypothetical meaning, while the other represents
the implicit factual meaning.

Empirical support for this dual representation comes
from online and offline studies in English and Spanish,
demonstrating the activation of both possibilities during
counterfactual processing. However, no psycholinguistic
research has yet investigated this phenomenon in Per-
sian. The present study addresses this gap by examining
whether Persian counterfactual conditionals similarly
trigger the activation of two possibilities, and how the
timing and sequence of their activation differ between af-

firmative and negative counterfactual conditionals.

Methods

Aligning with the work of Orenes et al (2021) (21), the
present constructed a database comprising eight sets of
32 short scenarios each, for a total of 256 short scenar-
ios. Each short scenario consisted of three sentences:
The first sentence served as the introductory sentence.
The second sentence was the target sentence, a counter-
factual conditional. The distribution of target sentences
was balanced, with 50% affirmative and 50% negative
counterfactual conditionals. The third sentence, serving
as the comprehension sentence, assessed the partici-
pants’ understanding of the target sentence. See the fol-
lowing example of a short scenario derived from a main

scenario:

. Yesterday morning, Ali went to the bakery. If he
had woken up early, he would have gotten Sangak. Ali
got Sangak.

To investigate the timing and sequence activation of both
possibilities, this study used a visual-world paradigm
with eye-tracking. Following participant preparation and
familiarization with the procedure, and after the calibra-
tion steps were completed, the test was launched on the
system. The procedure was as follows: Simultaneously
with the display of a plus sign (+) in the center of the
screen to correct for eye movements, the introductory
sentence of the trial was played and heard. Subsequent-
ly, four phrases as areas of interest corresponding to the
conjecture, the presupposed facts, and two distractors ap-
peared on the screen. While they were still displayed, the
counterfactual conditional sentence (the target sentence)
was played and heard. Then, the display of the four
phrases ended, and they were removed. Immediately, a
third sentence (the comprehension sentence) replaced
them and was shown. Participants read the comprehen-
sion sentence and indicated their understanding of the
target sentence. Participants’ eye movements were re-
corded using a Tobii TX300 eye tracker. The eye tracker
recorded gaze position and eye movements at 250 Hz
from both eyes. The sampling procedure was implement-
ed and executed using Tobii Pro Lab software version
1.241. Using R software (version 4.3.1), fixation proba-
bility data from 32 native Persian speakers (21 females,
11 males; mean age=22.34 years) were analyzed. Partic-
ipants either had normal vision or corrected to normal
(via glasses or contact lenses), with no reported hearing

or visual impairments.

Results
Upon hearing affirmative and negative counterfactuals,
participants focused on both the conjecture and the pre-

supposed facts. They looked at the presupposed facts first
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(with fixation probabilities of 0.02 for affirmative and

0.01 for negative), and later the conjecture. They general-
ly increased their focus on presupposed fact phrases early
in the temporal processing of both types of counterfactual
conditionals. They maintained their focus on conjecture
phrases at approximately baseline rates in affirmative
counterfactual conditionals. This focus on both presup-
posed facts and conjecture phrases persisted throughout
the measurement period in affirmative counterfactual
conditionals. However, However, under negative coun-
terfactual conditions, attention to conjecture phrases ex-
hibited a slight decline relative to baseline, indicating
that this focus was not sustained across the measurement
period. In contrast, attention to presupposed fact phrases
remained consistent throughout the measurement period.
Clearly, attention to presupposed facts was greater and
remained stable. Moreover, they focused on the presup-
posed facts (with fixation probabilities of 44.07% for
affirmative and 42.2% for negative) more than the con-
jecture in both counterfactuals. The data suggest that the
higher specificity of presupposed facts in negative coun-
terfactuals prompted an earlier attentional shift among
Persian speakers, although no significant difference in
fixation duration was observed. Ultimately, the sum of
the fixation probabilities on the presupposed facts and the
conjecture in an affirmative counterfactual was greater

than that of a negative counterfactual.

Conclusion

These findings not only corroborate previous online and
offline studies demonstrating the activation and presence
of dual meanings during counterfactual comprehension
but also align with eye-tracking studies that document
this dual representation. These findings support the men-
tal models theory while contradicting competing the sup-
positional theory.

The study highlights that Persian speakers primarily and
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more strongly activate presupposed facts rather than con-
jectures when processing both affirmative and negative
counterfactuals. The primary attention to presupposed
facts likely stems from their more reliable and stable na-
ture. It aligns with mental models theory. mental models
theory posits a reality bias in the processing of condi-
tional sentences. This means that even when accepting
counterfactual possibilities, people demonstrate greater
attention to reality-based aspects and stable information
(i.e., the counterfactual interpretation). Seemingly, this
bias may be considered an almost universal processing

mechanism.

Ethical Considerations

Compliance with ethical guidelines

The study was conducted in compliance with ethical
guidelines (Ethics Code: IR.MODARES.REC.1402.068).
Individuals participated in the study after obtaining in-
formed consent. The research objectives were explained,

and their identity information remained confidential.

Authors’ contributions

Fatemeh Heydari and Mahtab Taheri designed the exper-
iment. Fatemeh Heydari and Mahtab Taheri conducted
data collection. Fatemeh Heydari and Ali Golbazi Mah-
dipour performed data analysis. Fatemeh Heydari drafted
the manuscript, and Sahar Bahrami-Khorshid reviewed

and edited.

Funding

This article is derived from the second author’s Master’s
thesis, which was conducted in the form of a research
project (Code 244) with the support of the Cognitive Sci-

ences and Technologies Council.

Acknowledgments

The authors would like to thank the Cognitive Scienc-

a This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License



https://creativecommons.org/licenses/by-nc/4.0/

IF-F (3l < F & jlouis PV 8593 “for, GSLL agls sla )l Az

es and Technologies Council for their financial support ticipants for their time and attention.
(Code 244). Also, special thanks go to Ameneh Hosseini,
Ali Mosanna, and Mohammad Javad Borghei for their Contflict of interest

assistance in designing the experiment, as well as all par- The authors declare no conflict of interest.

a This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

IF:F (3awno)) < F & jlosis < PV 8 )95

e C i H- Eos slwa)b d.ao)

ha 9)4 allio

> (U 5 3 G lgd 3w yB (b 49 @819l sy b i I 3o

'l Slige g st (3L (e (0T aulig ool gy ¢

"Gy abld

Il 5 ey a3 oKl o Ll sl 0uSails ¢l g 05,5 ¢ omliily byl el IS A
S el e ye a5 olEils o Ll pole 0uSils il 05,5 e amlidly Shetils ¥

Sl ol ool ! Caro g ple oRisls (28 iy swdige g dlaidl (g o 0aSisls S g o all | ulid 5T

(B oo S gy 00 Sl 393 ol S U...o) adladls slo Lbpi Sy aS wlosls Hlis sase Slallas sdondo
2l aallle (S 55D o i (1 5 (KK (518,5) o> () il e (i 33 (b Joli
=l b 50 sk 5 Sute @lodllS (sla byt S)s pllin 4 Lo 95 (nl iloled i g (o) dlie Saa
A b

o A8gaze 5o 18 iad (2ol (UYY dcgaze A 40 4T 55y 0ligS (50l YOF  Jolis asls oL 5 iy
iz b 9 gylus ez bl ookl b aisg shie gewd 5 Codie @Bls Bl sl byl olieS slags )l |
Wy YY) o9 GbiswyB YY 5l oy bl glaosls Ldos o guoyp 3loy a0 Lixe 50 yo (g3le Jlnd
iy plonil (Lo YYFE i (Sile 55,

oS5 5 b Iy sty el 1ol il g8 eaBlgills ooyl g9 90 o Sy plSim 4y S ols oLt b Al
St oy Bke (gloline jsbo & ez (o) (glmodls 008 oSS > 4y s 5 005 CenS ol (53) 2 |y 255
256 (Kg%z oy Shaaline 5,8 IS8T (bys g5 93 58 53 1y e b dalin 13 (280 li> 55, 2 Fsb
i Fog pasuiie a5 3 olas aBlacills byd dlax goi g5 10 40 ol St 5 Bty Bl Sdex aseive
a3 o ke 1 S 35,05 1 ing il el i B Bl el oyt 5 o s BB
D5 Dglaie (glolire yobs 4

asgnns g 8ly LS la o Al g Sy 55 Conslly rFams g o203 Slao Kl ay ki L Loasily 5. pu Aid

VFoF/o8/o0 2ol 3o
VEENY/Y s le Tlheo!
L0 7} SRYERPURY]

S el

ENETEpe

ol ol mbly

08 (slao, Kl Las

i b,

=B ok

Jhmo o g8

(ooleBoly Hails wade sl o
Sl psle oaSiils ¢ uliil; og)S
Olrl ol e yte s oKl
Sahbahrami@modares.ac.ir : Juos |

(@)

d | doi.org/10.30514/icss.27.4.87

doNdo

il oo alies 8850 90 b glayYss oy sl b Lo ,s o
Lo ye bl el jgal conig 09 09l Sl oline Jgl &Y
ool Liged bl el T £535 pac saimslis sline pgs LY
2 ga JoSa5 1) @BledMS (o ph slins ;SaSu L (oolins Adl5e 90
|y Slsils slabys Syo 3ls slaa b (S 4z 5 (1)
OSes guye Sl (Gm gl ddl5e 90 5l (S oLl L LS

L Conly B a5 |, Lo ousSale slagy i adlacidls IS
3 kB gl sleas] s .(\’) QLS ooy geal Ay cdiZwd Cow ol
ol dncanily n3 Lol slaanir ek b allaibls Sis
Ol (1) S (o obml oadjgad (030l o L Billae (sogo (S5
ol 3 By o, ol bl S 4y b sloleisl

Hghoe pis LSyl S

8 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-5351-6017
https://doi.org/10.30514/ICSS.27.2.1
http://orcid.org/0000-0002-4461-3584
http://orcid.org/0009-0001-7238-8919

iz 1) 5l Gaplgd i) b 5o @BlgdUs gl b yd 5o

s ploxl 0225 Sl iagh (r e bilel by 4o (V) (V)
Ferguson e Aoy C)'?-‘ OO e LSL‘Z’C‘SJ’ cﬁl-.’.é) oo L’

99 (o0 Suzno (585 )3 (23 g (2Bly Sline 95,8 929 51 (V 4 V)
oxge 1) Sledbl (33l Jlad ©)90 4 (288 Sline 35000 ()l
5 1ysh (s3oga3l S oo oal,3 1, alaz Ealsl 5o ISl 5 9,5 o
488 Ol 5l Gl (5 0SS (0 5508 (208 slime (59, Y S8 L
Sanford 4 Ferguson .(\Y) o318, cudly b )] dslie g o)y
P & 2 8 Bili> 5 i Il 50 5985 a0l L (Ve 0 A)
o logiogail 45 a5 locn ol 88 4o Bl (slo by 5o
Sboriar Bledd salw S0 ln ) 095 (85 Joe oy
Iy &Bledd> (g9s b calox dalol (3la 5 gl Wb 1) oS o
o soge;l a5 syls e le (VoY) Ferguson .(VA) &ipde
(o fwd @Bl B g (g (Bl g0 50 4 lojen jeb 4 wiily
oLl b o8 i Blis wiles 5 (i a4y o s aiil alils
De Vega zls b (g5 a8l cpl (0 F) 058 o0 Lad> S0 9 o3l0 5
o (VY) (Y- VY) Urrutia g De Vega 4 (\ V) (Y +V) ) Sen 4
Slren azgi S50 5l ol Gad )l g e ST s b
b & B AG Bli> 5 e a2 STy @S 4 az g b ol
sloakox (B3lsp ;5 5 5 ld (i Ll ias o iws )3 lojea
obe (Y+VA) Jayes g Ferguson .o)ls (6 535, i a8l ddl>
Sy S g B L ) Jetie sloales o Soge;] a5 oS o
Oopd 0 Sl 4 Jeione Sledbl pl Ty les S sle
OV (Ve V) o, Ken g De Vega cldllas zuls Ll .(VA) siiusn
SaeolisS yals Jled 5 we (V\Y) (Y+1Y) Urrutia g De Vega
5 90b |y B3l anT adlal o ] s )5 e 3l g ea
@il e o )5 o yies Sl azs (8 4z STaiS o lyie
Joize ladlex g 23100 Lol 998 oo fiian (2 By Bili>
Orenes .wil oo o> S (208 Sledbl 4 adgl &>y Sl
S ke JB 638 sladslas (V) (V+1A) (uil)Sen
ol s oSS Guas el b jllie pigai ) Lo Syl 09,5 ailos,S
Gli> g o GSlL Bl pgal 93 58 4 p93 09,5 ilos S Jlad
oS oS5 B s i b it it 4y LB (5 B
Slarws ol g 09,5 10 1pg0 09,5 5l Wlaalive Lulul » SIS b
Gl g Geam ISl b bl pgai 90 0 4 o5 laSoge;]
h PR Bl (e g i Sendi ilod S0l (5 8
el 009y flon (B Bl (2ledil (mizen ilod S Jlad
Olee g lus lez mlbl)l jleslatwl L (YY) o, an 4 Orenes

Ol o2 9 (5 0w abld

ygpax 3l Sed oo Kl &yl wsle Ko bl (@) asls o
ol (V) ailes ygl ylie 4 (e @Blacdds sla b 1o &5 g0 lixe
by slesls Syo o (Possibilities) e Sl jea> 5l 4 L
cloiil 20 (slao Sl o laplSal ol oyl e & (e
2o e plasl 1) 095 slas S ams Ll Gulul 5 ol 81 5 sl o
Ol el Cays poie ol o a5 | SISl Ly ed (clao, IS
a5 god oo Kl 5 saldST Lol g0 wlfaus cpl jo () s o
s ol (50o) syd Lol o hol sl il oS e jls s ol 3
5 b o |, xdly ol el s ol 3l a5 0 e oyl ol ol
695 2l Olse) Conl o a5 ) 4l oy (03 sloo Sl b
LS 9y @l Glsed) ool &g (Wi s QLS 5 o,y SLS
Ol pes ol (Y F) aisS o oleiil (aid e QLS g o,
ol S B 523 50 saS (lalSal 4y 45 Wl yles ol 31 a5 o
s i s el 00 e Jlad Al Cydgame 4 dzgi b Lol
2 (D) desyn S 4 5 ot e Jlab dlibl> a4, Lol
35 B 53 pice g BN oy Sy 50wt al e
g o Hlaw 395 gl ST Az ;o (Y F) el onds atils ISl
€88 S g o Hlaw 995 g s Jgl slime 85 0 SKs
P e b a4 & cwl Lo A ples e sl SLe
Ol L (Conjecture) was Sl o] a0 a5 conl ooy o alo
€250 SS9 o o 995 g pgs sline aisS @Blyd>
S9den Ol (Frend Hob 4 &S Ceul (a8l Sl lea cdiis STl
2l (Presupposed facts) o8 o Gli> oSl 1, o

3 Bled sla byl S0 A o byl g Dlallls
Al S0 plan 4y 1) Sl 90 > plilnl 5 (S (slaL
iy oz 31 Loty 28 Slalllae (glaazsly (V- -\ Y) wiles,S
cemblise Gyais Lg)bj;ﬁyaﬁ «(\Y-10) (ERP) slagg, 4 atwly
IS OAYY OY) et obs, 5 OV 0 8) ((MRI) 65,8kos
OlRaagh ool Olee Ll canslaply cnl 5o alSgo sline (nl )pa>
Se2g Dglaie oy g0 Gl g0 ol oledl (e 5 ud i 8Ly
5 olejpe jeb 4 el g0 o WS o lo Cands oBuus o)l
SBeidE b Ky S o alSie 4y o3l Lol 0o 092y Jlab liil>
AT AN wisS oo 2ledil ]y (i o 5 (2 B Gili> S
Oboipd ysb & (Bl 95 pa a5 WS 0 lgie pgd ol Ll (TY
JW 1) (oA Bli e g oo bl o3 Ll W)l ) ga

(V) ¥ 00 0F) asS e
Orenes 3 (V4 A O F OY) wdSSl L5 4o Ferguson olalae

a This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

IF=F (o) < F 8 jlouds PV 8 g5

Tl H- ‘49.\:. sl )b d=e

b gogo;l b S59
i S > b geil j0 iy Al Sldllae 4 4>y L

sty wlidylg, uslasls ybgomiils 51 (0,0 VF g (45 YY) ,ai YV
pas s a4 (3,0) 503 ) (G003l ¥ slacols .is S eS8 a5
ool L5 o pns a5 Ll 5ol Bis (ee;] e 0 35 403

Jelos 5o widls e Guly i b se)s A0 &S ol Sogesl
Al Bd> 35 (0, V) K0 (S;Q}Qﬂ Y sloools wad Llod aosls
Loye VY g 05 YY) (Sogel Y 5l odwl s 4y (slmesls Lcjw
Syg0 i b, sleosls Ll o (Jlo YYIVY o Sl
Fr o o) BaSES il des e (b5 285 18 ()
2ogs gwlod 31 g S b oad ol b (b i sl LT 5]
Dl olo b oleid JSiw o Goge;]

ools 915,53l

i by ol 1 eolatwl b o Soge)l i slacS >
b, Bl a4 jelaie 4 ol <3 TX300 Jow Tobil oS %
oolaiwl ails g Sliny 5aST I JUSow jo U305 pas gy &S5 >
i Dby olBiws g 0 pi 90 o b Gloled axis cualin 0l
S Fa V0 ce e b b goseil pin slaiS o 5 oS re
>l V.Y a5 Tobii Pro Lab l33le 5,0 903l ol b o8
L g B Nazanin cigd L S0 slales g Oljle .canl oo 1> 4
VAV » ) e A gl b el YT 5 oled (69, 00 YO 118 55l
GBS e w0l &l o Soge;l i 5l (6 e il £ alols 1o g
Ll iz T440s Jow Lenovo wip b b Sl 3l Sse
o903l Slge 5 >0

obej slp lgdMs byt Moz (dn (IS gl oy sl
s sloslius; sl o 5 SSe 5 Deeis Sy oF 2505
E9 )0 G b as al aisle oligS (gg b aseis e oy
o9 Aoz sl o0 oz 3 (Jynbld b Jsmd ) Bam 53l
S Ui obsS gyl o LBl Sgli g Ao Cilad g
sobew 80T honie Blaz (lgie &) s Blaz 09y aloax 4
50 g &8s bid S Buw dex flgie 4 pgo dlex 0y
o oolitul Bus ojly £9i g (Cate b ate) ol Codad calex ]
Sygo d b gogesl (s 50 e 99 (st 4 (Jsedl3 L Jsadi )
Mz s gyl 5SS 5 i 5 (ny ad 00ls s (Bolas
(st = (shie ( Jgadd ) Lo 1000y @Bls S b yh dlez g3
SEASES 5 S8 pges Al Jpedlyd - hie 5 Jsadlb - Eoie
Sy Ll o 50 5 O Sl o5 s oo B dor 1,

oS ol o e 5 Cude &8ls> bk g0 2 0 AT WS e
Gl Gl 555 2 St 9 5995 35 o3 Lol 035y oo Sl 4
Cote Glydd 4 Cond i Py (byd S0 oA
ol ol 4 e &8l byd SO cwl sad ssalic
V) ol cuiie a8lgdd> b i b avglas jo (5 i

4 Boas wgiie |y adlaidls byd dlar Sy 5,8 45 WSin
(7+) 5,5 aalgs oS5 ilous Jlab o Jlab aliblo o iy a5 sledllo
OBbism )l oz (glacnts a0 o8 el (oo o pol> ags,
Ot 5l ey 3l sloasdl yo (28t Bli> 5 o> 55,
S Gliee Sl ol 4z 4y (i b Cutte ZBle S ()0
il glaasl 1o (6 3 iy Bl 5 oo 69, 2 QUL B o
Owed ) (el iz e by Cotte @Bls S oyl o 5l ey
» A sl Specificity) (Sopoanie ol 73l i,
65Sr hte b Cute @Bla i (byd o ol 4 bgye glacets
90 ol (PR Bili> (Sopoatiie porhe S0 Holiie 4 fiew
395 ol ST S Sl o 1) (re 5 Cute @Blg B> (byd dlex
SEiw g3 005 Jlan 395 9l ST 5 28,5 0 S g0 0l o
BICVERPSIY 25 RUNVIRUI PSUAE S PSS RSN A T EE I g
£ S 1D iz 431 ISel ol i) o KK S 5
(5 09080 Bl (s ) 1) (SU 95 5o Wil o0 0,8 sl a6
D92y D)3 )3 S (S slae)l lgil 5l Slogilly S5 degorns |
poo dhozr 5o ()T (hte Joleo (23 Gili i ) oS s
OB 88 sl jo k8 5 S g od o 3g) oD L el bl
ol 4y a0 S ledsl | (SSias) aeiie b g5 Sy
Of St Jolee b aulin o e @Blgd (boyd S 28
(YY) a8 o0 oSS jiien g 309

s 4 (oyB b5 50 (sBegh by (emliplyy e ) oeSU
g oS plnl (025 ©)90 & Bl sla b I8 (SSs
Slr E9d9e nl (oip ssbiie 4 iz (b3, )sld 5l eslaal
byt Sy owyn b gk (nl origres wiliee by
95y oad ploxl (0,205 Slalllas b (UL o )6 dnal 0 @BlgdD>
Byl Sglas )by ple jo &8laddM> b yb cole

P

Ol Ka s Orenes iagh b gued oS 5 025 s (oghy (ol )0
0303 S RSy sy dm 42 (255 Emly kit 4 () (V- YY)
S b gl Gl mbll yo pis Glbes > Sbs,

8 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

iz 1) 5l Bl 1wy b yo @BlgSUs gl b yd 5o

ok 5l by e s Ole (o3l ¥ JIF Loji) 0 s

285 B oo p 90 (SOl delidin ny @595 9 At

Ol o2 9 (5 0w abld

oz g4,z oo Aoz diilen s o 0l ool Hod JSolas
Sygo blod a4y b yd Odax Job () Jg.\?)MTc«wa@}gJ)o

b Sy0 alez) pouw alor azgi b 28lgdS (b ol alox) pgs alox

(Cobad ppiito 4 4 g

(Sun 83ly £99 9 Cumlad yuiito 90 4

80 5T Jol abos
(ebgS (590 3L

d,F SSa e
d 5 S e
d,F SSa e
d S S e
LS oy e
LSS oy e
LS oy e
LSS oy e

L) oo S 33 00 Hlay 395 31
B S e S gy 00 Hla 955 S
)8 o5 S gy 005 o 395 S
B S ad S gy 005l 395 5]
OS5 o8 g Oy 00D o 395 ST
L85 o0 O g 00Dl 395 5]
L35 (o0 O dg2 00l 395 ]

B S ad g5 g 005 oy 395 ST

dy 2lys 4 e mo j9n0
<d) 2lys 4 e meo 590
<d) g 4 e oo 5900
<d) 2lys 4 e meo 590
<d) 2y 4 e oo 5900
<d) 2lys 4 e meo 590
<d) g 4 e oo 5900

by 2leis 4 e oo 5900

205 5903 1pg0 Ay
03e3] alia SIS 85 o5 a3l S 53 b sl oga] ]
St ez 5l (o8 (ygej] 0 S ES b g et (b Lol

0,5 05t o iliie ST 6ol Loz 5l a5 obisS

kol 59031 pgu dl> o

o Lzl ol el Jolie e ool el 5l
Slejpe ey iules a4 S Giales axmio 35 0 40 (+) Cadte Cdle
Gae) Wb iSu Sogej] slp dedde des wdle pl Lol b
dende alozr (g)aetd oy 4 4z b Cete Codle (hales o)
aad ool plas I ol amas 59, p Ole iz (g e
>l S plpre @ Ol Jloz ol 5l So e (sl Y0 0)
G9) p 485 Ojgo Gl 5 Wal yyel (AOD azgs 550
oo Sl o jle (o o Slaise Lo Cexr (A5
Sy Olye 4 K08 $Ugd 5 B Gl Sy %0
S b 5o (og Bolai g0 4 il ales olSl>) wings lg>
L oo RBlgcdMs (b b Al G wlils anlol @)l lex tales
ol oley Saw) Wl sy LSSO}Q}] Slp Gon dax lgie 4 2o
plasl 5l o g eiite Bus abox (g )laidh 25 & axgi b al> e
ooy il aslsl plimen ke Lz Lialed wdan alax ilys

P90 Aoz 4 4y b olbgS (g )lim add St 1SS 2 Gl
5 PR Gl e SKle &5 gphas Djgo 4 Ojle Sl
olisS (g3 )l Aus Cud ol ALl Widgy (wls> BALS Ly g0
3 kel ogo3l slp ead paseie (S5 (590l YV 5l onds il
IRERVPUEIS R A BERUR IR aoLé.‘;.mlf gz bYY dcgezme A LJB
Jol> pliebl a5 09 laigS @ pom 5 p9d slaaler @5 8920
SIS snlem s Sl oSen s Al (S e Goges] o 4y 055
&8lgdM> b oh A dcgeme 1o 50 plply 09l oo 0ols aradd
L R e e S
Joedl - (giie Qlgdd> (bys Ay Joodl 3 —ioie @8lp SO
0 ase Bam glaalex b Sinlan 5 poes gloalor o oS
asesl sl2!

Oge] S 2 gl Al 5o

kel 0303l Ol sy » &5 GGl amie blis o Soges]
b Gyl el Josllygiass 28,5 13 wsloo 5o (taled &
olBiws sl ;90 b (S0g0)] o Alols ol ools misy Simgh
b S e lalads el S Sz 0 8 oelas e ol 70
ol miz b lagogesl 45wl oo lrale S tlel axmio Jsb 5o
A b eolel olfiws w5 s 58,5 o JLso

8 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

IF-F (3l < F & jlouis PV 8593

Tl H- ‘49.\:. el d=e

g Sjpe 4 dm dl>ge 55 Al Ve Gloy B o Gl Sl
69,55 5b 550 ez a5 953 lagawl &l o Soge;l .0y 5 1>
o3sS (690, YV b il aalol 5 )b o 4y (yg03] 050 S5 L yo
a2 glzl g Bolas bogesl o sl Wil izl oy o 2]

| OJAT ug.o)] ‘_AS

Aoz 5wl Lh ©ile Sz wlus G5y e (Al
oiled 4 S aled (555 S yol g e o3ly 90 olyee a4 S0
S0 ez (L8 OMex 4 4z L aS o5 Dglad Sogesl ol
5 J oS (S0 Aax 0 Gy Sygo 0 1wyl b Cenl Sy
Ty S 5l G 0,28 [ F ollS S0 ez (o9 Can ol 050 0

pAs Gygo 40 b Ll 5093 & g0 4 s al> e S0ge;] Lawgs

antie abar s ool S

(o der ag amas by i lath

l_ S el

IR KE R T TCC A

I WV O

47;\';.}]7"--'

T el oote A e b Sdlen sdis ool fay
e hts ez )

| |_' 1-‘5-"‘;-‘-‘-_5 T L_L-‘_.'_;._.f...

NPT AL A

e iy

u LT IR N
Sty i Y

L
E s

i1 Sy S8y

CPLY TP [

osoil 5 sl ) S

basl

i (2L sosls glaadl

bl jo by Aoz 53 99 52 S0 5 (3o sl 5o (Ll
T L o V) i 5 olS5 T ey g5 b1, L s i
(Vg ) slaloges jo o ()b b3 5l (2800 Bili> S
Gl 55y p sbrd Aoz g5 50 o 50 Ll 55,08 ke ogdle &
U iy (B Bl Gl jle (im0 Siden (B
Coite @8ladMs b yd dlex S5l Soge;] By .V loges) diad
VAs G ¥ lej dads j0) (o3 s mlis ol wio S Sy )
L Loy ) o (59, 995 oS g b |; (oo G 9 (4B e
s 5530l 0,99 ol b ot 35,5 L gy bt &5 e

b Sosesl 3505 ad i) Sy Sluyjan 4 o9 b g o

oosls Judoxs

Slyz o) pgd ab U (Sge A E908 Gloj Sl lacents Llod
Oke sz 69y 2 (Bly (byd) Sus sladler o (b0
5,90 ol Kialon ‘QT 3 om 4l Lo VO« + U (ax g5 0,90 >9)
locenis sl cojb 2 (6l g el Glasbhea 70 sloosl & S
St Jletl 4 5 (5)led (S)ke o) 4255 9,90 4l 52 55, 2
lalends ggomme p O)ke 12 (595 3 LS Slw s 05 oS
S sind B olly oo 43 i e Sokee Lz g9 2
WA 5 agilighie Ve LaolSlo 5,5 5 530,00l Lo o L]
aiihee =P ) Cansi 5L 93 el o(TF) Conl uie il Lo
bloJolos ol azd 57 e po auly las lgisas (4l e 7V Y-
b bl £Y,) &5 R 58l 5 51 ool

8 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

iz 1) 3l GuBlgd i)l b 5o @lgdUs gl b yh 5y ohKed g (50 abld

We gm V3l ,0) (880 li> ol wis)S Sy ) i CA Sl blas 10 20k @l b amlic )0 wa> 9) 2
il 30,8 oS5 ol g pleiil |y e s 5 (ke Gl g5, 2 5508 cnl )5 S8 (alihe F0 FA Y
o 5 S o] 5 Teslol 0,50 bl B Ll 0 Jleb i 4 (BB byh s s uSeill ey Jsb 3 e 5 B

3,50 SeS Sy Sluyiep &8le > b ph dax SO Ul e, S8y Lol oiils aslsl oo

"—'-'-'—'..-."I-'HL'I'—"I.

; \ ¥ ! 11 T 1T §E VA WF VY 1A

-t
1d

faadlh (L) olej
—— A i i )y Rty T rly by,
Cote @lsdls slabys o Obe Sz o) p e Slleis] (2 Ske ) laged

11
3

A A 1Y AT Y \i\.-.-#—{:n
(il ploa) ko

R ey - —— +'|-U-|:|.a-l-.k.-.-.f-.'-_|.-_ T,_..-L,l-vl-.l-.-.f{.-,g

e Blgdls sla b s o ojle oz 55, p s Ollis] 5 K5ke ¥ log05

8 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License



https://creativecommons.org/licenses/by-nc/4.0/

IF-F (o) < F 6 Lol PV 8 g5

S Ll ‘og.h'. el A=

TYIAF

e e PR
[ :

TATF!
LT

L1 1%

i
[ i
[

i
LTI SR L LTS I R L

s 5 Cadn mBla Bl sla b i o &ole Sl (g9, p ontd Olleix! 1Sk oy ¥ jlagas

Condad Calizeo byl oo cosy OYlais] dslae Kby Joo
dxg 350 >l g (hie 5 oo @Bladds byb sleale>)

B9 (s> BAS S g e (BB BLE>)

(t 5903)) g bo] sLoaisl

4375 skt 4 (ogesl YA) dily tglagsesl 5l glacgacns

P jlado t GOl azye oslaibwl glas pSle wgles 095
<efeee) -YE/AYA FYAF oe o558 —[\FY -5 fedo P 8 e b Cadto i

Y/ary FYAVF o[+ FF

</ \ -YY/XE- YN & o+ 25N
</ \ ARVARS YN & oo 25N
AR A Y Y/a-v YN & o+ 25N
</ \ -Yviva- YN F SRR AVd

<1< YOYY o o b Cudo wus

—IVFYEY fio (9 s by Cadio ook
“[VAVYA o i b Cado (B8
TNE e e b St B8

— \FASE o P B e b e i

Blg > (byh S o8k Bili> 5 (S (B85 e
Sy90 4l b bl ool (S 58,5 Cude Ojle SO e
€8 90 2 0 i al anl BE0 Bl Sx gy
‘.\30)5 o> u,.»|9> 6[.&50@&),1 O o (S i o5 cslof"’
Oog b e a8l (pl lode @Bls NS byl uas pgad
555 anl @Bl slabys Sye o 1) g ol

@ Cad $5658 1 Cute @BladMS byh Sy eas opdle 4

Codd DYoo o (5 loboe Cglas aS ol lis ol
4 o Sogesl azg Cublo 352y (BB ke Bli> 5 > &5 2
P gralez g5 90 1 50 Luam b awslie jo (5,8 i Bl
Sote @y B> (byb 5 b gogejl axgs o Ll Sl og it
Ol 2 okl 313l g (280 Bili> s, 2 he s
Sy b g5 50 o 40 2 E ke Bli> 4 iy ST g axy
Oile S ot @lg IS byl Sy o Bl 1) ol

8 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

iz 2005 5 GuBlgh 1)l b 50 @BlgSUs la b b 5

G S g dio)y 4o Oldllae oo (V) Cul oS oo, K1 & L
Ol e &8l o byi s o (Reality bias) cosdly
il g1yl sl b agrlye olSin & o3l 45 55
Condly 4 Lk 5l oS aS ax g alex 1 ole ise 4 Al
WS oo Jos dlex S0 Gl Gl Olpe a s cnl 5 S0p

S5 8IS elilesl 0y 5o ohg 4 Susly xS se (V1)
Mol o pleie 4 6 pF g (nl a5 Wysk (nl p aegh
205 (Wl oo Sl Ly (SBlop

SlebeaSl olaws 4y gl oo pol> gl bcgsgase dlex
eSS 0 S e slewy cole pis Obs, ol
S iags Cuz 0,5 0 lal sgzge sl 5 g b Joe (o9 (er0d
Slr a ol5sl Slls 5 o3ly 5l oK tmgh plo 090 ety S
‘_glbualﬁ.i IR R (eed AisS eolaw w}.ol‘o ul)L& l) o)‘5
St &BladM slabys (h3lsn 9 Syo 5o (e B (6,18,
ol 4 e an S g e wis SOl eolatil Lassls o i b
Wy sod (59 g 0dd o o gl ST M ¢ e b e w9
il 6,500 gl Egdge Wlgi oo

S5 AR

3l byl ge5 90 ;0 S0 s 4y a5 sl lis eaidly
oS iz & G g JL8 1) 280 Bali> sl lL o)l
b aalie )0 (2R BlE> 55y 2yt oS lo) Dae s S
Gli> fien (Sog asuie ab osalie (byd g9 g0 10 )0 (i
55 Bl b 0 els ke By B (slo by 5 58 ey
oz (s folins olo & ot Lo ke a1 oS 55 a3 o]
St Bt Gli> 4 5355 5 fule 4 g sy o0 Sl 4 09
Sl B 058 oo ez T Sho 6l IS a5l g5l
Shbdsd 5 bdlew, wazr o5 e b Code B L 0
Byme g Johnson-Laird _ad sleo Kl &, a5 )8 L5 yog
2 Sedly S pSsw 4 -\ub Iy odal Cews 4y dm (V) (Ve - Y)
4 o3l bles (g tasS oo o)Ll Bl sla by bils
el S| i ol3l a8 e oy eardly <l o oMbl s
Sledbl g Casdly slaacs 4 (g i dx g8 wipdn |y &8lg >
Sloe 55 &5 ) S b s @Bl e el
Sl B sla by (Biloyn 9 S0 )3 Cusbly 6 pSgw 9 03
a8 o Cules

ol)e g (5 0> anbld

Sl eSilee glacglis cubls e gBlecds b Sy oo
CSlpSy Hsb Ll a5 o (] Sile Wl laesiToy G
S50 4>b sz 59y » Sold OVl goazme isg Lad e s
Sl bt S, ) i e il b S 4y

D (il

s
Slme Lo dld o3 5 Gl amlin jpa> Saa b pol> aslllas
2l Sye plfie a4 it 5 e @Bls B sla byt g
Al 4 Ul w8 a5 ols lad beazdly ol plol ow B oL
SSal 33 b ita b St Blsibs by alaz g5 53 o 5
ogdle @bt (nl ws,S JWb g pleish 1) (B8 0 @l 5 oo
e (e 5 L) iy slongsy sloatily o5 ol
b 1) @Blpidls ooyt 5o plSim @ Line 53 b Jlub
sy 5l esliial L a sla igdy gl b oYY )21 V) wiS
Wlosls Lt 1y el 90 i 5 loisl onl wia S >
ik sbil, 5o basdl cpl o)l Jlykes (VA-Y) OF AY)
s ol od, Lk L aS s (V 8wl aed slee K
30 Oglaie oBas g0 09>y oyl cdlhae (O F) o8 & ks
Dlis 5 iy ppas o s o il Al g,k oy
Sl aile g0, ol | b bows ool g0 (gl led
Lol ol (YV)) ol oy aadls (V) Jleb &bl b b o
S a gogejl azgi a5 Lail 5l og (mgale 55 addlls ol 4o
35 ol ol kb b w0g (230 Bl 55, 2 S
YV (VYY) ol,en 5 Orenes izgh b gaad dsel cpl o
b cuie Olhle 4 oSS lp o oge)] oy a0 a5 1) (6 ek
g azgl Jdo aS sy e Sl 4 0,5 5, ol adYs sake Ol le
Gl a5 0l o Wlgice (28 0 Bl & it 5 09 olSS
s 5 A (55 5 ekl JB Sl a8
L5 el b 5l 5 w00 Sl & Sonnb oo sl
S aupalis wilgs o o5 ) aiies o Soge] i sl sbs
i b St 4y 4zl (o ladagejl a8 il Bl g5l
PS5 Caably 4 (Jad )l 5l &) Sledbl (b yd g5 (o9
B gle b amms e )13 Cuglgl jo Bogs job 4 caiten
P55 lingBly s o & S 5Ty o855
Jislo o a8 golexel bB g 5 lal oledbl 4 az g S 18 )5

b et loaisly (pl gl o0 0,058 Comly wly Gl 4y 5L

a This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

IF-F ¢yl < F 8 jlosis < PV 8 593

el H ‘og.l.s ulme;)lb A=

Sl aslio
1545 el gl o g8 | ooslits S asli Ll 51 ez 5 s allie
5 psle anmgs ol ety Uy (VPP 08) Slariins o3 S 5

ol s plomil 25l slas,glis

SI1yud g Sl

35) (Sl Sl sl g pole dnwgs sbiw (b Colex b pol> allis
W5 5l sl o Coles 51 S5 ped el o plol 4y (VEE
5SS sl 28 ol desma GBI g Lt e GBI ¢ s asal
Gipohy Ol o QBT ES 8 (elad Sl rizmen 5 el (b
ol el dilogas (Lag ) Sen ol

2lo oyl
D)5 2925 @dlie o)l AigS e (Bainnss

References

1. Kulakova E, Nieuwland MS. Understanding counterfactu-
ality: A review of experimental evidence for the dual mean-
ing of counterfactuals. Language and Linguistics Compass.
2014;10(2):49-65.

2. Byrne RMIJ. Counterfactual thought. Annual Review of Psy-
chology. 2016;67:135-157.

3. Van Linden A. A typological study of counterfactuality [PhD
Dissertation]. Leuven, Belgium:Katholieke University;2004.
4. Evans JSBT, Over DE. If. Oxford, UK:Oxford University
Press;2004.

5. Evans JSBT. Essays in cognitive psychology, hypothetical
thinking: Dual processes in reasoning and judgment. New
York:Psychology Press;2007.

6. Johnson-Laird PN, Byrne RMJ. Deduction. New Jersey:Er-
Ibaum;1991.

7. Johnson-Laird PN, Byrne RMJ. Conditionals: A theory of
meaning, pragmatics, and inference. Psychological Review.

2002;109(4):646-678.

I oo

g3 3 SIS Jogo! 3 e

05) a plml B le Jeallgies Cule, b asllas ol
351 5l e o3 AR MODARES.REC.1402.068 : 35!
Sapgh Blaal wis,S S0 adlhe o wbBT wbesls,
S wleyme LT he Sledbl g al sols musy Ul sl p
il

bW g Oyl
Goleaz w0 )S (b |y Gilesl o,ml Sligs 5 (5,0 dabld
dabld .8 5y Do 6l Clgs 5 (5 0 debld Laugi aools
s iols pll 1) ools Jdow jas s0qe 3L Sle 5 (500>
S salyr e Lawgi 9 ) (500> a0l Lawgs allie 4l

285 518 ialpg g (il 090

8. Quelhas AC, Rasga C, Johnson-Laird PN. The relation be-
tween factual and counterfactual conditionals. Cognitive Sci-
ence. 2018;42(7):2205-2228.

9. Johnson-Laird PN, Girotto V, Legrenzi P. Mental models: A
gentle guide for outsiders. Sistemi Intelligenti. 1998;9(68):33.
10. Thompson VA, Byrne RMIJ. Reasoning counterfactually:
Making inferences about things that didn’t happen. Journal of
Experimental Psychology: Learning, Memory, and Cognition.
2002;28(6):1154-1170.

11. De Vega M, Urrutia M, Riffo B. Cancelling updating in
the comprehension of counterfactuals embedded in narratives.
Memory & Cognition. 2007;35(6):1410-1421.

12. De Vega M, Urrutia M. Discourse updating after reading
a counterfactual event. Psicologica: International Journal of
Methodology and Experimental Psychology. 2012;33(2):157-
173.

13. Ferguson HJ. Comprehending counterfactuals [PhD Dis-

sertation]. Glasgow, Scotland:University of Glasgow;2007.

8 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

ez (2005 3l (Gulgd o) ) yo ZBlgSUS sla byl 5o

14. Ferguson HJ. Eye movements reveal rapid concur-

rent access to factual and counterfactual interpretations of
the world. Quarterly Journal of Experimental Psychology.
2012;65(5):939-961.

15. Ferguson HJ, Cane J. Examining the cognitive costs of
counterfactual language comprehension: Evidence from ERPs.
Brain Research. 2015;1622:252-269.

16. Urrutia M, Gennari SP, de Vega M. Counterfactuals in ac-
tion: An fMRI study of counterfactual sentences describing
physical effort. Neuropsychologia. 2012;50(14):3663-3672.
17. Kulakova E, Aichhorn M, Schurz M, Kronbichler M, Per-
ner J. Processing counterfactual and hypothetical conditionals:
An fMRI investigation. Neurolmage. 2013;72:265-271.

18. Ferguson HJ, Sanford AJ. Anomalies in real and counter-
factual worlds: An eye-movement investigation. Journal of
Memory and Language. 2008;58(3):609-626.

19. Ferguson HJ, Jayes LT. Plausibility and perspective influ-
ence the processing of counterfactual narratives. Discourse
Processes. 2018;55(2):166-186.

20. Orenes I, Garcia-Madruga JA, Gomez-Veiga I, Espino O,

Ol o2 9 (5 0> abld

Byrne RM. The comprehension of counterfactual condition-
als: Evidence from eye-tracking in the visual world paradigm.
Frontiers in Psychology. 2019;10:1172.

21. Orenes I, Espino O, Byrne RM. Similarities and differences
in understanding negative and affirmative counterfactuals and
causal assertions: Evidence from eye-tracking. Quarterly Jour-
nal of Experimental Psychology. 2022;75(4):633-651.

22. Urrutia M, de Vega M, Bastiaansen M. Understanding
counterfactuals in discourse modulates ERP and oscillatory
gamma rhythms in the EEG. Brain Research. 2012;1455:40-
55.

23. Santamaria C, Espino O, Byrne RM. Counterfactual and
semifactual conditionals prime alternative possibilities. Jour-
nal of Experimental Psychology: Learning, Memory, and Cog-
nition. 2005;31(5):1149-1154.

24. Altmann GTM, Kamide Y. Now you see it, now you don’t:
Mediating the mapping between language and the visual
world. In: Henderson JM, Ferreira F, editors. The interface of
language, vision and action: Eye movements and the visual

world. New York:Psychology Press;2004.

8 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

	Bookmark 1
	Bookmark 2

