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Abstract Pupil dilation is mediated by the inhibition of the parasympathetic Edinger-
Westphal oculomotor and the facilitation of sympathetic ophthalmic nerve activity. That
emotional and sensory events provoke pupillary dilation is well documented. We examined
the relationship between pupillary response and depression-anxiety among university students
through affective word presentation. Twenty-five students were classified into high (12
students) or low (13 students) groups via all of the following-BDI (Beck Depression Inventory),
depressive scheme, and STAI (State-Trait Anxiety Inventory). The students individually and
voluntarily participated in an experiment whereby their right eye was recorded while affective
words (positive, neutral, and negative) consisting of two Chinese-characters were presented
successively on a computer monitor. Participants were instructed to determine whether they
personally considered each words to be pleasant or unpleasant while pressing a key to the next
affective word. Reaction time and pupil dilation were measured. Reaction time was found to be
significantly longer in cases of neutral words than in cases of either positive or negative words.
Pupil dilation appeared approximately one second after negative word onset, and approximately
one second before neutral word onset. No significant difference in pupillary response and
reaction time was observed between high-depressive or anxiety-affected groups. These results
suggest that pupils may dilate due to the sympathetic activation associated with negative
affection, and also by the information processing load associated with the determination of
neutral words.
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Table 1. Properties of Chinese characters
Affective Learning Imageability Total number
valence ease of strokes
Positive words 1.40+0.73 5.91+0.55 5.42+0.53 20.07+3.24
Neutral words 3.59+0.07 5.360.96 5.26+0.66 18.87+5.00
Negative words 6.11+0.23 5.33%£0.58 5.01£0.51 19.87£2.75
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[ XTIz Ex] NERIN/(Figure 1), [%
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IIRDORY AL %9 2 £ THHEZ T HIFRMN
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Figure 1 Time sequence of stimuli during
one trial
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B L. 1/6080 4 120.0 mm B AL D % filE 7 — &
ELTarE1—#%IZRFH#. NAC dFactory
THEALROMNT 217572, BREICK DEEFLER
HNHBENZHEIR. REHS T E—RHE
Bizckviro7= (Figure 2),
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Figure 2 The method of supplementing
missing data during blinks. P, is
pupil diameter just before missing
data onset. P; is pupil diameter
when data reappeared. The n,,4 is
the time section (1/60 secs.) over
which data was missing during a
blink (Steinhauer, 2014).
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BATLIEE W, —OARNEES5DRY > %
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FTEBLNDRY D EFLTS SN, Ry~
WL DRI, £ E2T25MNHZDT,
FNETEFRITZZERLABNTLEI N, B
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TI5E EREEFHDANICHEELTI AD
720500 &3 h> 7=,
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Table 2. The means and standard deviations of the self-evaluation according to BDI,

Depressive scheme, and STAI

*p<.01
BDI Dgs}rleesrige State anxiety Trait anxiety
High group 16.58+4.70 109.58-+23.23 43584523 51.2542.67
12 people
ST vy S.1T+2.74 70.46£9.43 32.77+2.09 42.77+3.47
13 people
F (1, 23) 50,37+ 31,36+ 47 525 46.38%*

Note: F (1, 23) means significant differences between the high and low groups.
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TRET2HEAMOBEAT—45 %P, BNV
THUBEANHALZEEOEAT—% %P,
EL7 PL5P U, £OXEIZBITS
AO(1/608) U1 #MAZBDTRL,
DEEPMNS 1 DT DA TV = (Figure
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BUGEERS (- Table 313, 3 FEEEDEAKRE (positive
neutral - negative) 1249 % [ % BDIE
B (1240) - KB (134) BlICRLAE®BDTH
%, [EIEEB)ZSINE N, BDIO@EK(2) &2

Table 3. Reaction times (msec.) to 3 types
of affective words presented to
high and low BDI groups

positive neutral negative
High 1009=+446 1326+824 903377
Low  828+272 976+463 815281
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FEHET 5 2 HKREA BT ORER, 3
DIFNEBIC L D2 EBRIEDRNA SN0 (F (@,
46)=6.35, p<.01). BDI&E# - KHOEHR (F
1, 23)=1.62, ns) BXUXZHMEM (F (2, 46)=
1.17, ns) 13HEE TIZ/Ah o7z, Bonferroniikic
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AF—<EhE (124) - KB (134%) iRl
bDTH D, FIEEB)ESIMEN, 15 DAF—
T OEKR)ESINEMET S 2 BRES 5
HrofR, 3 BEOREFRICILDAERLREINR
MESNT=H (F (2, 46)=5.81, p<.0D)., #1S
DAF—<EEE - KEOERE (F (1, 23)=0.10,
ns) BIUKEMEM (F (2, 46)=0.06, ns) 1A
ETld7a o 7z, BonferroniikiZ & 5% E LK
D fE R (BONF =220.24, p <.05). neutral &
12X 5 OGRS S > E b Eh o7z,
Table 4. Reaction times (msec.) to 3 types

of affective words presented to
high and low depressive-scheme

groups
positive neutral negative
High  948+417 1155+608 8974369
Low  884+335 1134749 820£292

Table 513, 3 %6 O & & 58 (positive -
neutral * negative) k9 3 X e 2 IR fE
A& (124) - & (134) BliTRLZzD
DTH%, BIEER)ZZMEN, KREALDE
K(2) &S EM&ET 5 2 BRIESG 8T O
. SHEOREBCLL2ERBRIEDNRENAS
N7 (F (2, 46) =6.06, p <.0D). KERZE
DEHE - ARBFO ERR (F (1, 23)=2.75, ns)
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Table 5. Reaction times (msec.) to 3
types of affective words presented
to high and low state-of-anxiety

groups
positive neutral negative
High 1039+410 1326+805 962+ 356
Low  801%299 977+493 760£276

BIOKZHEEM (F (2, 46)=0.38, ns) IHE
Tl 72/ > 7=, BonferroniikiZ & % £ & Lhii
D#EHE (BONF =218.71, p < .05). neutral &
IR 2 OB S - E b B o 7z,

Table 6%, 3 % @ B 15 & (positive *
neutral * negative) 2%t % [ isHE M 2 He ik
A&EiE (124) - &8 134) HliTRLzd
DTH5, FEEB)EZMEN, FEALDE
K(2)&2SMFEM &L T 5 2 BRIES BT O
B, 3HEOBREBICL2ARERIEDRIAS
Nn7=n (F (2, 46)=5.82, p<.01). FHELRE
DEfE - ARBFOEHR (F (1, 23)=0.05, ns)
BLUOKZEEM (F (2, 46)=0.02, ns) 3THE
T3 72 o 7=, Bonferroniikiz & % £ & g
DOfER (BONF =22043, p <.05). neutral 3&
IS B OGRS - E b R o 7z,
fEFLRIG : Figure 313, 2MMEFBLEBIZTDNT
i L 22 @ 2 (L % positive, neutral, negative
ECREbDTH S, [HIn/id] O TR
B S B0SH KNI BT B LRI DN
TEMEN 1 BRI E T ZET o 28R 3.0
~5.0B X[ (Fs (2, 48)=4.04, ps<.05) CTHE
BRERNES 1172, Bonferroniikiz & %%
HLRORER. 3.0~3.58 X [H Tldpositive <
negative (BONF =0.044, p <.05) . 3.5~5.0
X [ Tldpositive < neutral (BONF =0.059,
0.061, 0.057, ps<.05) THo/k, TDI &I,
3.0~3.5F X [# Tldnegativedh (T X9 5 i FLH#L
KoipositiveiBIZ T B5FN LD KEL, 35

Table 6. Reaction times (msec.) to 3 types
of affective words presented to
high and low anxiety-trait groups

positive neutral negative
High 903+441 1116 637 842+ 387
Low  926%307 1170+726 872+275

~5.0f X[ Tldneutrald& 129 5 BEFLHOK A
pPOSitiveiBIZ T B ENL D KEL/m> TS
ZEERLTWVWS, Figure 3R/ % &, BIEE
BRI Snegativedf 12K 3 % [ £L
BRME SN, £ D%, neutralif~ DL H
RO« RROHW & RDSND 1 BEiH S 5H
FIZ>TWEHONRA 5,

Figure 413, BDID&E# - KFEICHBNW T3 D
DFEEBICH T DA LM E R DTH S,
[BHT27213] D& TR 5 2058 KHICHB T
5ROV T, BIEEB)ZZMENE
K, M2 D0 KE)ZSMEMERET S 2 %
KRS 7 8T 21T > 7 ks 2.58 7 55.08
T TSRO BEREDRIIR SN (Fs
(2, 46) =3.25, ps < .05, Bonferroniikick 3%
HILROKER, 2.5~35812B W Tld positive <
negative (BONF =0.039, 0.045, ps < .05). 3.5
~5.0B1Z B W Tld positive < neutral (BONF =
0.060, 0.062, 0.058, ps <.05) Th->%k, LML
RIS, WD DEEE - AR K DAL DZE
BWTFNORMIZBWTHRENT (Fs (1, 23)
=221, ns). AEABXRAEABESNRNSTZ
(Fs (2, 46) =141, ns),

Figure 513, IREEARLDOER - (REEHTBNWT
3 DDEIEE I T HHEALE I E Rz bDTH
b, [HIzizid] O TIREENS 058K IC
B D EHEALRIIDONT, BEIEES) 23 ME
WER, REAEDEKE2)ZSNERER &9
% 2 BRIB G B 217> 7o kE 5. 1L5B»
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Figure 3 Change in pupil diameter during the presentation of positive, negative, or
neutral words. The shaded regions are statistically significant at p<.05.

525N T TIREEAZ L IERIERE DA B/
HERMNAR SN (Fs (2, 46) =3.31, ps <.05),
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WD DEFNTNORMIZBNTH
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30BN S50 T TRERIERBE D ERRMNAS
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% 2 BRIBE ST E2IT > kR, 3.080
55,01 TRIFRE D ERERN A s iz (Fs
(2, 46) =3.99, ps < .05), Bonferronii%iz k%
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=0.044, 0.060, 0.062, 0.058, ps <.05) Tdh >
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Appendix. The Chinese characters consisting of 2 letters presented in our experiment
» Negative words
E#% « BESE - JBHL - £
» Positive words
BERR - S - PR - RE - TE - ke
> Neutral words
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