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FXHZ

This study investigates the impact of highly realistic, visually simulated weather con-
ditions, along with auditory stimuli, on intertemporal choices using a Virtual Reality (VR)
headset. We conducted a randomized controlled trial (RCT) in which subjects were ran-
domly assigned to virtual environments simulating sunny or rainy weather and were asked
to choose between receiving smaller, sooner rewards or larger, later rewards. The re-
sults show that subjects exposed to sunny conditions were 7.4% more likely to choose
the smaller, sooner rewards compared to those in rainy conditions, and this effect was
mediated by information-gathering behavior. Although sunny conditions increased emo-
tional valence, emotional valence did not significantly mediate the effect of weather on
intertemporal choices. Furthermore, we found that the sequence of weather conditions
significantly influenced emotional valence: transitioning from sunny to rainy weather led
to a marked decline in emotional valence, whereas the reverse transition did not have a

significant effect. This study not only highlights the importance of environmental factors
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in decision-making but also challenges the use of weather as an instrumental variable for

investigating causal relationships between variables that may be related to time prefer-

€nces.

Keywords: Virtual Reality, Weather, Intertemporal Choices, Information Processing, Emo-

tion Valence
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3
s
1

FE O EE STER A B EA X EETF N T74% (p<01) 0 - He
R R S T TR L T T P P
3T R AT RIS F A w0 1RSI B BT

L8~ AT
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Table 4.1: 4cit szt (R %K £)

B ALL RainyFirst  SunnyFirst | p-value
Male 0.528 0.545 0.509 0.582
(0.5) (0.5) (0.502)

Age 22.165 22.215 22.109 0.833
(3.782) (3.534) (4.053)

Income(K) 12.668 12.676 12.66 0.984
(6.309) (6.257) (6.394)

Optimism 14.355 14.207 14.518 0.584
(4.301) (4.242) (4.378)

Econ Major 0.126 0.107 0.145 0.389
(0.332) (0.311) (0.354)

Consider Interest Rate 0.221 0.223 0.218 0.928
(0.416) (0.418) (0.415)

Observations 231 121 110

RENEREER L EEREE DN S L § BT BH L R Rt

AR RFFELB PR FRFFw P A mEug

R@Hhadr o 1 E S H i Income(K) 5 X R FF 0 AT

P:v‘*“" # Revised Life Orientation Test 118 4

A A 0-24 A

M‘4"¢%EF‘

Econ Major = £ 3#¥ 1 B 1P hm H ¥ 8 ‘—Ei;éjﬁ_l R SN b S
% 0 ; Consider Interest Rate B &_5% 335 7 A iEamy ’ﬁ FTEEANF IR RS FLEE 2

PIEhr P ERPY S35 115

F»{IE’ al

Ao A B R R f F Tl end At AT B o p-value IR E(S - o

14

o FEELN F L o Male
FHprEL ] K

Z_PE 05 Age &

Optimism % =%

s AR B A A%f?ﬁ'gik%zﬁgzﬁ;

sl K28

1] % 0 o Observations B 3 % B % %] e
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4.1 XA NEi

APEFAZEL BN RO TR F R B ERE DR B 4.1
oA {F B T 7 RainyFirst 2 v % p?"ﬁ Lt BIFERERE SSEF B A &
fow v B & R SunnyFirst 2 cnficdy o % 5% 87 > RainyFirst 2 Fé—“z éjlﬁi
A EETERESSER TS 328% R X EETERE SS gt HRK o &
3907% (& # &t T4 Sp-value 2 008 %84 C4 ); @ SunnyFirst e
PIEE T AR K cPAR% > B X G 2T EH SSEM A b F At Aa A EE (g 1471

% &% 1406% > Btk At T Sp-value 2 0120 2L A& C4 ) Fp s F R A

- RV BEm X F iF 2 ERL H N EBOEH -
PercSooner Emotion Valence
RainyFirst SunnyFirst RainyFirst SunnyFirst
50%- I
7.5 I
40%-
30%- I 5.0-
20%:-
2.5
10%-
0%- ‘ ‘ ‘ ‘ 0.0- ‘ ‘ ‘ ‘
1 2 1 2 1 2 1 2
Phase Phase

M Rainy [ Sunny M Rainy [ Sunny

(@ (b)

Figure 4.1: % & B if =i & RainyFirst 2233 % - ~ Z v o a8 5= fo¥ v B =R
4 SunnyFirst 82 @ ¥ - ~ZfpRar§ o B RAFI o affd MR EAa I o REM
5 95% iz i H R o () SR 7 T A muferi ¢ IR SS I chT T A
(PercSooner) » & PercSooner % 100% » B & % 3% e iR % f BirFEE Y P0EE SSER K 2
% PercSooner & 0% > Rl #3702 3 b By 9EH LLEF - (D) Bl 7 T 7% 7 F
R L RE AT Rl (EmotionValence) 2T 321 o EmotionValence (9% iy f’ Bl
EAN20E 202 F - M EETS B ;é—"‘ﬂ‘ e EmotionValence % BreE? T35m 7 ¢ £.0

>
IR Y T T Y ST

AT - H AT R AP e R (R 41) B f
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BHEDEE  FERN R F RER SRS (AR ] BR2 AR

EDE

Yip = Bo + B1 Sunny;, + Sub; + €. 4.1)

e oY, spREORE s EIXFF Il Ep Y 0 E8 S5 b
(PercSoonery,) » 4 »ci ( EmotionValence;, ) 11 % F Jsp* B (ResponseTime;, ) ;
Sunny;, & % % iF g % % B (dummy variable ) ; Sub; & % Fé—"z 7 #3c (sub-
ject fixed effects ) o 5% % &1 » X § if 2 ¥ PercSooner;, 11 3 Responsel'ime;, i1
PEALT L AEE (L2425 (1) ~QF) Fla s A EER] UL ERS o
Ka o hed 42 % Q) A > Sunny halie s 1552 (p < 0.01) 0 & & e

RFFADRLE > F A2 TR F DR FOF A FEELT R

TR 2 o
Table 4.2: % Fé PO i
Dependent variable:
PercSooner  Responselime  EmotionV alence
M 2 €))
Sunny —0.005 0.023 1.552%*
(0.008) (0.183) (0.264)
Constant 0.263** 5.116*** 11.724%*
(0.061) (1.395) (2.008)
Subject fixed effects Yes Yes Yes
Observations 462 461 462
FE *p<0.1; **p<0.05; ***p<0.01

BN Z4E® X (standard errors )

R o AP IR ¥ v B (order effect) o ¥ »o /i (learning effect) »
q_jg 2\ lfaﬁra,\vé et e g Bl 4.1b 4 TR i BT e
RainyFirst 2 e s34 i BIFERZF > ey gFgt (Fx 17242
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Response Time

Group
- RainyFirst
~ SunnyFirst
12-
2 10-
o)
O
)
n
S
6,
4- :
0 10 20 30 40 50
The order of trials
(a)
Attribute Index
; Group
- RainyFirst
- SunnyFirst
0.20-

0.15-

0.10-

0.05- :
0 10 20 30 40 50
The order of trials

(b)

Figure 4.2: % ¢ & & SunnyFirst 2% ;f:ﬁ—*ﬂ" E R @ % d P E_ RainyFirst e RN &
T ZABORLPEE > SR F - RS S RROTR  Xihs SFH DA 0 Y b
Pl A5 Rl it dpicen®E o () B3 3 BRFEELBEUIAP S F PR
(ResponseTime) enT3aiE o YihetnH 5§ o (b)) B 5 3 EXRFEREBEMETAY o Timih
it dp B (Attributelndex) 218 o & BXFE RS A

23 4 RE - FEROIs » B pE@ —pr ROIs ¥ B 7 B 5 oo ;o X
?Z gﬁg"k }3‘ 4 §Fg’”ROI: E %%—;%p%ﬁ;a_;’_pz}ﬁr‘e ROI: E ;&:»;::n,ﬁﬁp,e Z B (FE'—TFE'I& S §FFTJJJ ROIS z ‘L% @%_%ELEI 31 )°

AttributeIndex %> —1 3 1 2. & o & Attributelndexr 5 & » * & p ¥ ROIs » % ;éﬁ B 3F
f“ ROIs ¥ T3 2 f BrRF 5 F 277 2K o

Lt B Attributelndex;; sHEE G

17 doi:10.6342/NTU202500362


http://dx.doi.org/10.6342/NTU202500362

& % 17174 A Atk Tehp-value 5 0.89 %L % C4 ) & SunnyFirst
IR EE L - R OR X E AT R D A X o B ET R (O
% 183360 & % 15155, &tk Atk T ehp-value /> 0.01 0 FEAL A CA )ik
P ARBEERIOX §FEEHEFENREE (242 5 Q)W) L &d SunnyFirst

3]

ek EE TR x’é‘F}f RN SR VRS IE S P LD &

Z o T BE - EERPEFEDR FRRG M o A R R o AP
FARE VE P e MR F R ek ($-BRLA ISR

*
AR RIS -BRAFIBIPIBEIAI) GRS TR AP EE S

S (MBI FRRABEROIFRE) mE S8 GEABI F) o

A FREEWEFRERE AT DL L RER > ARG J
e BT Ad NE YRR FEY B LE T LFF R
PFEFRHERNETE o PIERED X FRREBYERE DR fgfﬂﬁ.}m U
Floem RO APRELFE P OSPREATRRBINF HBEDER DLLE
%oﬁ4&%%%’ﬁ£§$ﬁ&ﬁ: PEER A AL AT o e B % — PR R
(RainyFirst 2% - I F PR L3255 684945 > % - IFE 5 4909 ) > = &
A~ t ¥k T p-value /] 3t 0.01 5 SunnyFirst 2% - FFEF BRI 55 7.648 §) >
2 FFECG 5466 5 0 Bt At T inp-value -] 2 0.01 0 £ LA C4 ) o gt
B 4.2b &or B ttdp e (Attributelnder) &% — P B3 % = FEE G #T#R A o L3
F i EFMEA G FRH R AT

F P ROIs ¥ ¥ f-p PR — PR ROIs ¥ % 1-5 PR
FFROIs ¥ {i-F PR + PFRF ROIs ¥ 7= B

Attributelndex;; ==

AttributeIndex; % —1~1 22 B > B+ > R AW AL X HFRFTF OF N
%#ﬁi&%ﬂwk¢ﬁﬁﬂo$%ﬁﬁa%§§$ﬁ+>@N& ®

W A LR T B PR PR e 4820 (5 7] RainyFirst &
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% — PP Attributelndex; = thil AttributeIndex;; 0L ¥3 % 0.1060 % = pEE
AttributeIndex; = ng% AttributeIndex; 75 0.145 5 & % & t & T p-value 3
0.09 ; SunnyFirst 2% — F¢ & AttributeIndex; 5h* 5% 0115 % 2 R arT 5
50149 & A t ¥ Tehp-value 5 007> 204 C4 ) o iz 2% &1 & % 4
SunnyFirst & RainyFirst 2% ¢ G2 3 ¥ q o PRS- il LN A= - i B SR R HE
BpFal Kt o TR ER Y i ER 0 BT B Y R T VA
A5 X F AV S RSB d BB AGE A RS S YRy 0 A

V4T TRLPE B £ R T

4.2 XA R i

E ﬁ’%’ii—%?‘;'ﬁ PP B e B UM SN fF“ﬁ%?i@F%éﬁiﬁFS’ﬁwL i o B 4.1a 0
FofrREFET O FAGEETOLFEFERE SSER B F R TR (F
2471 % AR 139.7% F LA CA ) AR T R EFERA (5 42) &

Ho S g 2k AT F

Y, = 58 + ﬁ? Sunny; + X7° + €. 4.2)

BV SRFLEORE I FF I - A ERE ST
(PercSooner;) » i s>zt (EmotionValence;) ™ 2 & P (ResponseTime; ) ;
Sunny; & Z 8 2 F 2O m R X; MR ES S R ol s B A R R
2435 (D~ QT F X TXFHERE STER N B AR X FR LT
i;é'ﬁ%ﬁ‘—%hi‘i 5074% (p<01)> 244l X, 180 Prnk BARET - %
SRR LAPF AR R g i SR R R (S b SS
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I o GEEEH AR AT REAH 421 3 &P 0P A AT KRG

Rp £ F] o

B 243 % Q) D F DR AFERRL CLFF X DR H T8 T
AR R BRI R FE HOC R B F 0% 1163 (p < 0.050 8 % 8336
R xR 171740 2R ECA ) TEAIX 8 ok kAT AR o ok 43 %
G)~@ T GEATFRAFHEHTEFEDEFZARE G TR LR
% e g‘i\i;ﬁ dE PR Te6 TS FER TR EEE 0794 (p<0.05-
Brx 17648 ) 0 A X 16840 0 A Ch ) FEFIX; 8 0 Ponk R RE T

R S G 3 A AR o

Table 4.3: % éféjﬂ‘ B et i

Dependent variable:

PercSooner ResponseTime EmotionValence

(1) (2) 3) “4) (5) (6)
Sunny 0.074* 0.072* 0.799* 0.772** 1.163* 1.154*
(0.040)  (0.039) (0.372) (0.371) (0.455) (0.458)
Age 0.005 —0.058 —0.010
(0.006) (0.053) (0.065)
Male —0.055 —0.581 —0.213
(0.040) (0.372) (0.459)
Income(K) 0.005 —0.006 —0.002
(0.003) (0.032) (0.039)
Constant 0.397**  0.255"  6.849"*  8.541**  7T7.174**  7.539**

(0.027)  (0.121)  (0.256)  (1.140)  (0.314)  (1.406)

Observations 231 231 231 231 231 231

FE *p<0.1; **p<0.05; ***p<0.01
FEE N 2 & %224 (standard errors )
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421 b AHHH

LENAFUEBYPERTSOBY O APRE T AL Bhd? A
REHBFRLES L L ol Hoe o F A AP R 1T w R

(5443) & J‘%J} FRER S RN i ﬁv’%&ﬁﬂ%%&:

MY = (1)(') + 511(') Sunny; + 70X, + 63('). (4.3)

o MIVT .= L t | LookUpTimes;, » £ ¢ LookUpTimes; # 7+ % ;é"ﬁ i E

25

MR 5 LR R Tl e B R E T R 3 e MPUT 235510779

Ko XA IERTIIEL L 9443 % (LA C4 )

« MP =L Payne;» £ ¢ RRE I L FMKR St D Payney, & &

Payne;; = ;é"if; ik ?f f e - Bt ﬁiﬁ m:zﬁ;;

7] M e B+ R N R b B
o Payney hi*t —13 12 - X% ;i&—“ﬁ e G P BE 8 (option-wise)
o a2 g F BB (attribute-wise ) (AF I 0 Bl Payne;, A%+
F 2. B] Payney %] o 3% 7 Payney 17 5 78 % ;%5 AT B R g
&’ﬁu%ﬁﬁiSO%%ﬁﬁTiﬁﬁﬁMfiﬁ;02M’a%wp
Tyo5 0225 (LA CA) RAA BL@E T 3 ¢ Ho R TR
B BT -

A5 AX

. MZ-AI = 215 - lAttmbuteIndexn AttributeIndex;; 1 E_&K j‘,—%ﬁﬁﬂ, ¥ 4.1 5 -
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do & % ;é—?f T SFER A *‘Fﬁ SFEPE S LR FRER T 0 B Attributelndex;,
Ao B 2P Ef o AP Attributelnder; 1T A R R ;é'—?f AR A g

oo NEFEFT o FRAERTL@E oMM T35Z 01150 & T gEET

U\

0.106 (324 C4 ) x4 3 BB TEA SRR PR A g 4R e E

W 2LEFRER DTN o

% 2%

« MFV := EmotionValence; » i%m T3 FHELF34E o FRAAFETR ;é—*ﬂ‘

S MPV X355 83360 A X ERT L 7074 (504 C4) > R4S mE Y

SEnECE TR R R T

Table 4.4: %;é—'ﬁ Frant g X F{1BFLY 4 FlcanP B

Dependent variable:

MLUT MP MAI MEV
(1) (2) 3) “4)
Sunny 1.329*** 0.009 0.009 1.154**

(0.486)  (0.038)  (0.019)  (0.458)

Age —0.129*  —0.0004  0.005*  —0.010
(0.069)  (0.005)  (0.003)  (0.065)

Male 0.170 ~0.026  —0.013  —0.213
(0.487)  (0.038)  (0.019)  (0.459)

Income(K) 0.007 —0.001  —0.003*  —0.002
(0.042)  (0.003)  (0.002)  (0.039)

Constant 121285 —0.194*  0.047  7.539**
(1.494)  (0.116)  (0.058)  (1.406)

Observations 231 231 231 231

i *p<0.1; **p<0.05; ***p<0.01
FEEN LR X (standard errors)

EAABT o BRI X 20 R ER T AE R A b R O T £
+ e MPV R e 8 1154 (p < 0.05) A o AP s RHE LI FH M e

22 doi:10.6342/NTU202500362


http://dx.doi.org/10.6342/NTU202500362

MAI”};%F'—¥F?7‘§E§K’ 'ﬂrn?»,\%i?xf,\?yus \]E\Fyb6 ‘]F}‘FL7|}£IF)~\J‘-‘8 p- LL },;\.

=
N
B
Y5
=i
N

IF S R LY IR Xii?é’ﬂ}ai%"'%fi—[ﬁ”ﬁgﬁ‘ﬁiy‘:’

rﬁ?‘*%iﬁ%f’}%fi'fﬁ’lﬁéﬁﬁ SHE O 1329 & F (p<0.01)-

B EAPROTAR X EE S X EELT X RHIB TGRS > 2R R
FE 24 1T A7 i hfafl e # - o 3 2T L RFeman 4 T
Fla ZRLEADERFNE FXaig ¥ FARAREFARK - H - > fpfsra 2 iEi
Tﬁv,“ﬂé‘ﬂ % p%,wé BREF Pl MR EF{FaR e &
FoBRELT O FIFEETOLREG BRI T FRYERFH oA
it £ (mental effort) # % 2. ¢t > » TR X 3lengp g (difficulty) » R#E > 1
o e E L LV v F R A (transitivity) 5 A% - ARE LT o G E W
X T R ?‘;ﬁ—*ﬁi g EFBPERFH D eI £ #E (mental effort) >
g E A A (difficulty) s 2 T g E Ak o 2 R s E

BETRES > B3 F 5@ FiE# 1 (transitivity ) o

AEH T FEA (R 44) AR FEELFRPLRE AN oA

e NE AR TRREEnE
Y; = Bo + b1 Sunny; + Xiy + €. (4.4)

RP OV GRBEADRE cREIFF I AT -BEY v FIRBYERFT NG
Fwdra & (MentalEf fort;) 13 28" RAEsE R | (Dif ficulty; ) 5 Sunny; & %
B ER LR X, RS EE s Eurje s B B4R 455
(D~ @) Hrm > AP X > X EET X RE p Ay FERPERF N

Bsod (p<01s b= i 2T ik k% Mental Ef fort 325 $c% 3.609 5 A

AHET S 3195304 C4 ) Rdrk 455 Q) DA 0 AR FERT
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SRFE AT AT EEF R T RAH Y BRGS0 TG Biks
Behig £ oo Bk SR BB LB HEA I 0 AP A (A A 5
(2% D2&)c $%W7F > FAiEdEaFey » @7 EH LD HREE S
B4 R R GERY A Be33% B A E P $13.6% 0 Flutd Ao @

LT R PEB AR o 23S ¥ A RF L R -

Table4.5:§€§—‘§ﬁ“.’rb“$&2—‘Eér?i‘é’%Paas LA AR R A P R

Dependent variable:

Mental Ef fort Dif ficulty
1) 2) A3) “4)
Sunny 0.419* 0.434* 0.302 0.292
(0.237) (0.237) (0.219) (0.219)
Age —0.007 —0.017
(0.034) (0.031)
Male 0.440* —0.194
(0.237) (0.220)
Income(K) 0.001 —0.019
(0.020) (0.019)
Constant 3.190"*  3.092**  2.926%*  3.648***

(0.163)  (0.727)  (0.151)  (0.674)

Observations 231 231 231 231

FE *p<0.1; **p<0.05; ***p<0.01
FLEERN LR #2 X  (standard errors )

BE O ABET v A (B 45) B HTE R B T e el

TiEE R FHBDERAPE

PercSooner; :53(') + Bf(') Sunny; + /35(‘) Mi(‘) + 20X, + . 4.5)
46 Q kT FHab D ERT AMNE > P22 F R EREDER D
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Table 4.6: = ;:éﬁ Beanti: P A4

Dependent variable:

PercSooner
(H (2)
MLUT 0.012**
(0.005)
MEV 0.002
(0.006)
Sunny 0.056 0.070*
(0.040) (0.040)
Constant 0.103 0.240*
(0.136) (0.129)
Control variables Yes Yes
Observations 231 231
FE *p<0.1; **p<0.05; ***p<0.01

FEELN LR %% X (standard errors )
¥ 41 % #c (control variables) ¢ 45 & # (Age) ~ 1% (Male) M2 FF
(Income(K) ) »
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AR (2 AFERA ) A F (DWRIET g MU 1 X dok R
AHF AP THBEFRGAE VU 2ER B ERDR L 2R T
wﬁ&%ﬁﬁTﬁ%ﬁﬁ’%%ﬁﬁTﬁké%* Pl EfphE il
SFEA(FRAFSLZFAFIFETIRLF LR L RN 2

Tl et (EHL FNSSER) kR R FiER B THE TR

#F REARIT ) aug et ? Kessler et al. [2017] 4 3R > *‘*;é‘v—‘ﬁ B FERE AL S &ES
FAPDAELATF RS LILBFARIY IR NEFT L LRD S Bl
PENER IR oA 0 A FREE THBF S, APEBYER
oo APERFEEBDERF LEOPFRRL  XREFH IS ER DR

He o Fla I A2 P BRI R o R FRIDEFA R KE
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FREF EwEAH

AT BT B (VR) RN EE » F X §F iR By EH
Fle Mt o BMANAFTAPF IS XAk TS FL2F G LM A2 5E
EHFWAOVRE R A AFEET O S FE T L et [ Ao RARR

=% mF‘\ oo Friadit hosk % ,.* ElarEd H—g.ﬂz i B AR ﬁ—ﬂ m&%ﬁﬂ;\gj& pLooh s ,3_

AN

FAFEE R SP R Rl (R LR EE T R L R
HIROOB AR R DA R R T LR O E R A T ERT ) A
PE AR Y 4R HBER Y PR B A R s

’ﬁb"—i—],}kvo

AT RFRAFRERBAEREHFE G N L B TMA T L
FARELA L EERFECFRFTE AR IELIFIART € 4P
FHEEDPETABAN A D SO F o APRBEED > X 5 iF 20
RainyFirst v SunnyFirst 25 s E# 5 3 B EF © RainyFirst 2% 34
B R R E T M EF L0 SSEA A SunnyFirst BRIARF o Ra o gt - ok
BV e X DB FiEEEM A5 o bldo 4ok d B X Fi"‘}“‘xifﬁlm;fﬂ.ﬁ;%
B N E R D SSER IR TR ERDI PR o RS X FE
IS D (R SO ER AR S X F B EZFORE > R A
FEE R FREHT DR FREDTEDEE AR RE AW H2 D7

N

AERRE - BEXRBLEFAR DA R & e 4o 2 e

s

27 doi:10.6342/NTU202500362


http://dx.doi.org/10.6342/NTU202500362

N

WRARAGER V- B AARERTRY S RSTHE R o 8 B T s

>‘I

EE R FELE e KT (A adrdle s RAPRE- BRI FRL

Hx s Es p E 5 2 Bl 4 o

BE A ERANEHIF AT N o PEBDER > LR Y chI §
Plgem @R 2 FRIRG 470 - BAEA T 0 3T PSR R ELRE
A2t TR (VR) WEART Kk L2 F=2820 | £F - H{r-n

Boo iR EET 0 L3

J
10

H A ERIERES oRES B F o FALG 2 A
Ejr o FHRRRRKS 0 a2 FET > IR KGRI A B {7 EET
R ERE 2 E 2R TR R AR o f

PE AL EFAIEG G o Fp s FRBELELC AR (blde BAEZRAE)
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Table D.5: % — P& @ & few|ig ¥ R85 Mt

@y ZFENAE FHFBBEGAE FZHARLEZHILY

o = 110 4 0.0364
A % 121 4 0.0331
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Table D.6: ;éﬁ rant e i e m

Dependent variable:

Violation
(1) (2
Sunny 0.003 0.003
(0.024) (0.024)
Age 0.003
(0.003)
Male —0.020
(0.024)
Income(K) —0.001
(0.002)
Constant 0.033** —0.002
(0.017) (0.075)
Observations 231 231

*p<0.1; **p<0.05; **p<0.01
FEN S E%E AL (standard errors )
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