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ABSTRACT

Background and Purpose: Previous studies have demonstrated that
essential oils can affect human autonomic nervous activity and cognitive
functions. Researches about grapefruit essential oil showed it can enhance
young women’s sympathetic nervous activity and decrease gastric vagal
nervous activity of animals. However, it is not clear if grapefruit essential
oil has any effect on young men or on human parasympathetic nervous
activity. Moreover, study found that lemon essential oil can increase
elementary school students' attention, memory and related cognitive
learning. Because both grapefruit and lemon essential oils belong to
Rutaceae Citrus spp. and fruit essential oils, it is reasonable to assume
that grapefruit essential oil can also increase college students’ attention
and memory. In addition, some studies indicated that women were more
sensitive to environmental odors and their behaviors are easily affected
by odors. Therefore, the aim of this study is to investigate the effects of
grapefruit essential oils on autonomic nervous activity, attention, and
memory of college students, and find out if there is any correlation
between autonomic nervous activity and cognitive functions and whether

there is gender-specific effect.
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Materials and Methods: This study used a stratified random sampling
controlled trials design. Participants were students studying at a
university in the southern Taiwan. The experiments were conducted from
March to April 2014. Fifty male and fifty female students were recruited
and were randomly assigned to essential oil group and water group.
Experiment one was to monitor forty-seven subjects’ autonomic nervous
activity including ECG, skin temperature and skin conductance by using
biofeedback sensors before and after inhalation of essential oil vapor or
water vapor. Experiment two was to assess one hundred subjects’
cognitive performance of attention and memory by using computer
software after inhalation of essential oil vapor or water vapor. Excel and

SPSS 18.0 for Windows were used to do data analysis and statistical tests.

Results: No significant differences of autonomic nervous activity were
found between these two groups in pretest and posttest. Also no
significant differences were found between male or female students in
these two groups. These results showed grapefruit essential oils did not
alter autonomic nervous activity. We also found no significant differences
between these two groups in six cognitive tests. But male students in

essential oil group had better correct rate in digit vigilance task than that

v



in control group, reflecting grapefruit essential oil can help maintain long
time attention for male students. We also found female students in
essential oil group had better correct rate in spatial working memory than
that in control group, reflecting grapefruit essential oil can help keep
spatial information active over a short period of time for female students.
Comparison of previous studies and this study it seems to show that it is
not relevant between autonomic nervous activity changes and reduction
or improvement of attention or memory. More similar studies will be

helpful to have a more definitive conclusion in the future.

Keywords: Grapefruit essential oil, Autonomic nerve activity, Heart

rate variability (HRV), Attention, Memory
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R-R FFRES FEf st R &2 wBRNT o F o E&EB T U RRFERRE T
foerdpth; @ d R-RBFEESTH S dnd F FIER A 4 Fo 2 gdp, T
# % Normal-to-Normal (NN) interval -

135 Malik % A (1996)3F & #72& = e i > W R A 477 5 pF

& 4 47 (time domain analysis) 2 #7 & %% 4 47 (frequency domain analysis)

:ﬁé‘o Aa\ji‘.—&rv—f_

-~ PEEA AT DL 24 ] PR T BlRe s A TR s g
RS E L ant B I A iRl o ¥ Rtk
4T L
1. HR (heartrate) : g+ & & T 3900 = i o
2. NNMean (mean of normal to normal interval) : ¢ R-R & gE#7H
L F IR TaE ) FHEARL N A RER > ¥k
EAR N A SRR P TR R DS ESRE
3. SDNN (Standard deviation of NN intervals) : }* 5 it ¥ «& g ¥ 8
i £ 0 % R gc(variance)shE L 2 > HAREZ 4%

13



SRR SN S IR LR NCS - 1 e

4. SDANN (Standard deviation of the average NN intervals) : ¢ %
EEFER O RHERERL > A E S AT ian ¥R
o L EHLBRL S TR EERF SR o

5. SDNN index (Standard deviation of NN intervals index) : ¢+ & &
PR ERERLATIDE S A E 5 40 F PR ik
Bijmi o L RELEE > * R EREF S F R

6. RMMSD (The square root of the mean of the sum of the squares

of differences between adjacent NN intervals ) : & ¥ . g* R #p

BT «frﬁqy_;;—% 1 * G Q;@};ﬁd ZEM

7. NN50 (Number of pairs of adjacent NN intervals differing by
more than 50 ms in the entire recording) : & # < B8 £ B4
WO0 E Bl R A GBI

8. pNN50 (NN50 count divided by the total number of all NN
intervals) : 4p a8 ¥ g HP L EAZHE 50 F Fy el b K 4
Bl A BEME .

s RS — A ERER (25448 ) w8t EFE (24 )

¥ 5 - = ¥ # (Fast Fourier
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transformation,FFT) 2 f #: it §F 4] & 3+ (Autoregressive model

estimation) » * r A 4534 F AL FE A A PR A (5 A o

1. TP (total power) : & 3,7 5 » Edp i ¥ < g+ g B o A
FEF=04Hz » ZERCFHR2TE o

2. HF (high frequency power) @ p* & F #4545 - 4p F 4 4 Rl
¥R g R M R 0.15-0.4Hz > Fopr Rl 2 B A
A

3. LF (low frequency power) : ¢+ & i 54 & > dg O & Bl e
SRR R B g S B 5 0.04-015Hz 0 & A 2 g A g
PEELREA GERIARA SR EA IR

4. VLF (very low frequency power) @ ¢+ % & (MAE 7 5 » 448 5F
%a FBlend § < peRFE e B e Hp %@ #l = 0.003-0.04Hz ;
HAWRZEI DA AT T @@l (N 5404) a3
¥ > BERET SR

5. nLF (normalized LF) : g 5 # 31 MOl F0b o dg i #4 5/
(R{#F—fatips ) *100 > F pra g A4 i o

6. nHF (normalized HF) @ g+ % % 2R1* Bags b g B ap s &/
(3 R A %) *100 > F phg] @ B A s o

15



7. LFHF: &5 & S F s 500 0 F A g /Bl B4 0 T ety

B F ARt o B R A S R SRR B B o

LA R R (I F£2 5207 547

Z > 2008 ; £ A% > 2009 ; % ikar ~ FRE S > 2004 ;

B ~ 30 E &~ % B4 2000 fR4c® > 20055 =8 &

ﬁ'f;%ﬁ‘] » 2009 ) -

EAFT Y o ARSIt 0 FlG g gt R A A

g g R AR R R A G E s fr iB HR ~ SDNN -

RMSSD ~ pNN50 iﬁ%%féijé Rk pAfE AT eIte 0 4 FlE g

TR RS A AR G aER s B RS AR R i A

"B LF ~ HF ~ LF/HF ~ TP 47 8 3 8 4 o

222 £ K2 AR (Skintemperature, S Temp)
B & XD TARE g fe B A S AR oA A E A
i RAHEHEFTAR Y - B AL FERT I - &

| #5 % 3 Jhgk fnde 35 7% 2 £ (arteriovenous anastomoses) s ig 2 £ 5k

"",’f{\'_’ﬁz@éj”‘]ﬁr_%é‘j’%i \i?ﬁ\’?ﬁ[’&_\’?ﬁ[’}%\ﬂ%\ﬁ;

>—L
e
\.A._ﬂ
*
%

-
<k
.
N
.
A
i
Tk

s T o 4 ﬁt?ﬁéﬁ‘@\lﬁf’?’gf

REEM DAL R RS

¥ i],}rﬂﬁl’gﬂiﬁﬁ’ 3-8
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Fo2oo poRfUR R 6 MR A A AL F S F B B4
AR o d i A REARRS - Fd RBLHARER > F o

B3 gAY e ik i (Fox, 1996/2007) -

223 £ § & ¥ (Skin conductance, SC)

FORA R G 5 SRR R B B 0 R i F B (merocrine
sweat gland)$ 2 & & 2% (BRVFEE T2 20 450 B )~ &
R EFAE s R EA R AR R R f 0 A Rk ARG

N - I 3 \iuﬁ;;;ﬁ%ﬁqﬂgho

TRAELFARDDE B REA EFEN LS G
7%?”@¢ﬂ$0§4%%‘@@ﬁ’g%i@ﬂﬁgﬁ’fﬁﬂ
PrA A F 2 pRBUR P £ K EA SE L Tl P
?F‘J?*Hﬁﬁ?@ﬁ&’ﬂiiqﬁﬁ%ﬁ{d QR A Eoara ﬁ'd AETHT
KGRI EdgendF 2 0 aedm kgl L gAY 5 eniE 4Rk (Tortora &
Grabowski, 2004/2007; #5#£f ~ R& iz~ 5 24 ~ Bavd ~ Rk F

2004 ) -
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224 FREp A EEPBRHRELpHEY
AR T ETFREBREIN A Op AW GBI EF
B E Bk §RFI A MR i AR ¥ fETR AT
A BARARA G M P T2 F ok
F PR T % 2 T /& N
15 &g | Puptr¥BR A ETIEZE | Alaoui-Ismaili et al.,
REEL A FLin s | oprE S 1997
VR FE R L F
9 it B o L e : :
gm0 L SC~ | e & Saeki & Shiohara,
Bl ek 2= = . .
v ' RIRB B P HF D>:E 5 2001
N %—Q 4
R ik s
10 =k | Y@@ | LF/HF -
4z | | nHF Duan et al., 2007
67 =2 M | 1 BIRREMR: | HRD:& _
e { Chien et al., 2012
voE e %E‘iﬁt—:ﬁ\r‘r{*?‘r
TR A3 =B | | AR BRI R AR E RS
REA S EL M| 4 40% Haze et al., 2002
A FEIP 260 mEE | JREFEE P RIRREEE | Dayawansaetal.,
(2ofp) | #4297 4 | D Fefl i 2003
FIEE | 8tk
, . S Inoue et al., 2003
(kR | £ipl¥ N REE s
114 =~ [t @@t | jcpks
a3 54 O B i T LR A Peng et al., 2009
54 1 8 | P BIREEW | ik Chang & Shen,
X EF YL 2 SRS LN 2011
24 i iR P . a Hongratanaworakit
LI It S A SO
s | VREEFZLE & Buchbaer, 2004
ey e | 40 REE R . Hongratanaworakit
BT R~ g
EWEW |y, | VEECTARER & Buchbauer, 2006
29 = iEE | M RIXE B | w B
7 1 SR 3 R Jung et al., 2013
e | BAEE [ YERBEMR T 1 RMSSD L
FEE O e | o 3 257 2012
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B. #&4»&@& T B R B 2 f R —
ok T %% P fe% /i
9 adyiedc . , : :
boa ,,I = PR E Y LF/HF 2 42|  Saeki & Shiohara,
i g TREE e | 5 2001
fat G2 FE =
LN
grg g |43 ik | N AR EM R O R
4‘; XL | JEiEH 4 15-25 Haze et al., 2002
. - . Shrikant
, 30 =B TREMR HR -~
G %' ';; STBI: }’E\" rLrF’}/HF ! ! Sreekumaran &
- Krishna, 2011
- 9k | t2AgBEE: |HF- 1 HR Matsubara et al.,
- 2. 984 | 2 LF/HF 2011
C. P\?Eli‘:}!t—l'i ig,ljw,gﬁé T2 § vh—
Y T % % T & &
9 R TQE‘.‘/‘:"‘F—*— iﬁ'_ﬁL‘T _ _
55 - LF/HF Saeki & Shiohara,
' soga |1HUEFE L RRE 2001
R N s
D- #¢=z J;—,E@rp‘ rREH P A A R
F TR % =5 Tk E
Sp | Bmdde |14 F i shaHR 4 E'?ra‘éﬁg'r" o9,
o 94 |2, % Foeng R HR ¥ #WEITST, & 28181,
v 1995
B AR
vloeg 12 i~ = § s . )
L5 i 4 7 L greng v HR 34 | Bensafi etal., 2002
L LB A
1-8 ¥ 4
L F857 45 5202
FHEE | 8migh | R gH L
L . . . MRS N Inoue et al., 2003
(FRAR) | =2RFE |2 ARTFAF FILE
A S L




2.3 RATF R
2.3.1 3RAvF Gt 2. &K

AT A g iR (T B AR il AR A P Rt Y B
AF B~ HE G AR DERE T 5 o Grieve fr Gnanasekaran
(2008) #-3% = & = 4L F % (visual perception) ~ 7 R & 4 (spatial
ability) ~ /2 & 4 (attention) ~ 3z & # (memory) ~ B =4 eivd: {7 (purposeful
movement) # 34 {7 # s (executive function) = = 84 o *F7 § R E 44

WAFH LY GNIE A % ol 1@{%$§jé§¢ﬂ:;ﬁigi%ﬁﬂ%§§‘ 0

AR A PRk ? gL (LA - 1999) 1 {4
AArH P RS AR s R FI AP RIRR Y PENE L T
oo HRJRE AR G A T AR 2 B ARAp T R
7R ih o Epg(arousal) 2 # 7 (vigilance » ptdp#FF L R4 )0 U
FerAma SO PENRM DT AL BILR A - BELREY

3 ¥ - i & 2-(Grieve & Gnanasekaran, 2008) -

ERAFT 2 HIEL NGk IR R R D 2

(Tulving & Craik, 2000) » ¥ & &% ~ #F 2 HP~E LG % 7 M i &
| (Schneider & Bjorklund, 2003) - g+ 4 & ‘&3P 3= (short-term
memory) ~ & # 3z & (long-term memory) 2 1 i¥ 3= & (working

20



memory) o ‘e e fh AR L R R AR L )
#c| p¥(Sherwood, L., 2007/2008) » #i § ‘B 4F 3 & ot T+ 4f el
T o E B AR (FREA - 32 235 0 2010) 5 Miller % 1956

. F ’ﬂgatl‘ﬁ%}i"\

¥
bo

£ A R e R R s AT A ik
NET+26B~9BHE =) (35 Cowan» 2010) - £ #p e F -jE F
L BRI E N o EEE Y O] AR R T RY
Hp T¥kE om 1 irBEEY Rl i 4 i d(Engle, Kane, &

Tuholski, 1999) ; v it #-#FJE 10 20 & s 2 g » 59 4L4

.
e
g

WAL TR F 2 aJ2(Baddeley, 1992) 5 T v iF o~ ARE & %
Fen L h- BV RBapk i TRKRE AT aniaos @ g
BEANF IR b RfE AN MR e

A7 % & (Cowan, 1999; Grieve & Gnanasekaran, 2008) -

232 FrRBRTH N 2ZAAMFEY

iraumj{ﬁi‘;ﬂﬁ é"i* g :-gy, fgz/l»gs N S RN A R A
elgd ~RE HIT s B E R epBE Y (5 L (Finnegan, 2002; Howes
& Houghton, 2003; M. Moss et al., 2003; Tildesley et al., 2005) ; =* 71 %

FAHAL? 2 R4 2B EpMA T
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F A Tk &5 xS E
S g 1 s . Ludvigson &
s AL 4 Rggmgn 1089
HH iy RPFEETIFTY R Diego et
E Y LI 8y T al.,1998
5 R o Millot, Brand
A d l‘;“‘ — ‘ﬁ’ ’ 1
e &?ﬁﬁ.“’f, = ®F fuik B SE- & Morand,
AR F RERRE o 2003
Research; CDR) L7 R R
B P o ® 5 R M 2 k| Shimizuetal.,
(vigilance tasks) | &1 1T ¥ gy mIF AL R 4 o 2008
fH s | REERMA A FREEY | Diegoetal,
E AP REE 3 1998
k% 4 Toginarplgh |1 W AELE s REF
- Y Moss et al.,
(Cognitive Drug 2 &R 2003
Research; CDR) | 2. "% Kieffong &
Warm,
BAR R 2R H 4 ¥4 (alertness) Dember, &
e (vigilance tasks) | 34 *r % 3R +4 (performance) | Parasuraman,
AT 1991
T T TR B o, il Moss et al.,
) ?ED;)EJ AR 2008
2 drip) 2R 3 4 B 4f (alertness) 'II'Bhaor?nr}ef/L
e (cognitive tasks) | i +4r % 3R 4 (performance) 1994 ’
¥
ST R A PR (WA R 4 Az 3 ]
° L M Sk ny L Akpinar, 2005
20 BB ACRE | g E P o 4 o
% B i TRk | e 2 RS RF K| Mossetal,
(CDR) PR SR o 2008
Salvia Officinalis &-f& &
: T P RL AT A o Moss et al.,
B E .'Q.’ ~ ?EDIF:;?J% ke % ,}i“:ﬁ&t]‘%&r‘%%ﬁ’ﬁ x & =G 2010
DR I e 1RGSR
7k B R ’ # 4o B4 (alertness) Warm et al.,
(vigilance tasks) | 3 4c % 34 (performance) 1991
oy . Baron &
- EE I ol # 4o 4 (alertness) Thomley
] (cognitive tasks) | 3 4r % 3L 4 (performance) 1994 ’
. MEH 5 —F , —— Millot et al.,
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24 Bt i %

# F i o~ § ¢ 4 Citrus paradisi » £ =4 #2456 - v
Mimis E L4 M Red e (L) frABREATE R OB
(Wildwood, 1996/2004; 3 4 i » 2005) ; # ft & # chif § th 548353
e RAR AT ARG AL ME Fo P W E 2IREE U I
TE P RE BB AW 5 3 & A & (Davis, 1998/2000; Wildwood,;

1996/2004; rr g ¥ ~ 2% > 2010) -

B e dF o A 4 R VRYEE KATE DR LY F B A0
wom FaR LR AR Aok FHEER A FIEEF S
¢ (Wildwood, 1996/2004; 2=k - 2004 ; iz iz~ & > 2006)° % &
Btk s g i R Hanodig Hiph 2
T HRRHRE S SR AR B Aot g B % R b
Aafei L HR > @ 2@ Bod & eha A W LR 475 (Limonene) » ik 1+
£ 90% . + (Davis, 1998/2000; Sellar, 1992/1996; Werner &

Braunschweig, 2009/2011; Wildwood, 1996/2004) -
ﬁﬁgé’*ﬂﬂﬁ\#’ﬂ,mﬁ@fﬁéﬁwbbh - I 3 R

MEEHS (bl 5 B M3 BRI ) ¢ hato

= 4 (Miller et al., 2012; Sun, 2007; ® M # ~ 254F 47 ~ R B 2 » 2011) -
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T E R A e SR R BRRAA R E
A SR R R AL eniER SIRE S B
BBk S A PR s GRS R TR TGE A AT R SR U
YT RT ~ BY P AR o iR~ IRaE & 45 ~ FTe4 ) it o (Davis, 1998/2000;
Sellar, 1992/1996; Werner & Braunschweig, 2009/2011; Wildwood,
1996/2004; X 2+ %= - ﬁi%% » 2012 ; 887K » 2004 ; iz A~ & > 2006 ) o

Haze et al. (2002) 5% 3 & * Rl & BT ig/R 2 & @ 2R s iRk
B R QRA GBS SR F F i ¢ MU R R
tg (low frequency amplitude of systolic blood pressure;SBP-LF amplitude)
B4 15~25 B Fpdid g @B ML o ¥ A kPR F P %

RIRER  E R A Tl § BRI R g

THRATARAEE R R E MR R AT 2 Prd] 3 A 5 (8
LRAE) B v R AR MR E 2 ok

(Niijima & Nagai, 2003; Shen et al., 2005; Tanida et al., 2005) -
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Y2 % By
AP EFE LS FE Y RFEEIP LRI R E(H §
) E gl RS Bt g e L3 7 S L g A g
B R4 el MRy A FALF IR AL H
FPEFETHFTFPTIE S TR > TR RIS ST E A &

B ool

31 F 3 H i

_ e
= i
¥ %

SRR
b

v \ 4
- Al P 5% =
poaAf s By

i Rl iR e

\ 4
LI
(e )
) LJ{% W vs Kk J >
\ 4 \ 4
¢ R 2 e
is P %, o P

Bl 2 73

3+

o+
£y
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SRR ERARERE FT RN
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N g@&}&ﬁﬁ%(wk Fovh o~ A7) e R AR
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Iy

-~ KPRl AR AR P RAR PP e BT B
% 5 b T AR

s EpE-x 2R (2EIREIRL2E)

SEEFEF IV ERRLRE P A ERF R

PR E R T ERAEI G RRAEAENREFETH Y AT T

v LBEFF ERDTEIRE T GPR 7T EFRH LI

T FAERERPED o FANB LN K AST T TR ES

WETT @ o A O® o

\

EEEL AR BT AL 9 10T 2 (5 38) g
FA%EEPNEA A 18-281°C iR R 42 4577 % L & B A e
TiakR s b= £ 336£106 Lux ; T = £ 401169 Lux - <k PERY 5
2014 £ 37 3 47 453 g ikl ek PR AT = 14:00 3 16:00
e oA ARl e R PR A = 10:00 3 12:00 2 T = 14:00 &
16:00 i& 7
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33z 1L

ATk G 1R f 5 100%F F e A & 2
T2 w A A 47 R~ E-prime 7 einAv it o [ H P 4o T o
- ~ 100%% % bk

AFEF AT eng F o §.d Essential  Therapeutics ( % ¥ A&
)72 A Gd WEARE T RERATAE S PR A R R
M S F A K 47 — B ¥ (Gas chromatography—mass spectrometry, GC-MS)
& 37 g % BT a-i% Y (a-pinene) i 0.58% ~ 7 1z *f (myrcene) i
1.92% ~ * pE(n-octanal) i 0.44% ~ 18 ¥z (limonene) i 94.63% ~ = g
(n-decanal) it 0.27% ~ B-F 3 % (B-caryophyllene) it 0.24% - GC-MS &
FALA AT deritd— (BB ik i) o

S AR (oW 3)

#3345 1 GS-058 ~ A A A5 : OILBASE-9-WD » - % - 3% 4
RF @A A AR s B Ao AR T 5 A RPN RS S T
EAN* 0 ¥Rt BRE (Bl 4) NF A2 Byt B
AL FF S A IRA RN B R S EH 2w ] eI
Hod o] b A F LR AP Nf D T E R ] P TR

TEFC AR OHED ARG BT L RN Ty I
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BRARIS AR LML Y FEREE e 2m LR kY -

B3 4 &
Tk kR - Bshe P £ 515 Fl
http://goods.ruten.com.tw/item/show?21307086389625

Bl 4 o ¥ s B
T KR herbally—sn: 4k § &
http://www.herbally.biz/3546935672258443932120736.html
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2 AnvagLsTR (R 5)
4155 % Nexus-10 system » 4 47 #c %8 5 BioTrace (Mind Media BV,
Netherlands) t &7 3§ ¥ JEd 2 32w dh o 47 &k ket 24 2w 5§

BAEERCAETH

B5 2 @w a7k
R kR - YCAN Australia

http://www.ycanaustralia.com/product-nexus-10simple

T~ R RRILATHCRY

MEF TR Y T i Aric ks 5 E-prime 1.1 3 * 5% (Psychology
software tools, Pittsburgh, USA) ; @& #7:®& & &8 p ) % B E_%% Moss
% A %7 7 (Moss, 2003; Moss, 2008; Moss, 2010) & &k 2-4873] » #=1% 78

gz;_jglﬂﬁ S R TIE o A itdeT o

1. Immediate word recall : £3+ ¢ 3 15 B ®~ E 3 Wma ¥ ko

F(EHFd KT IR Y ) B F 1000 BEF
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B 6 Immediate word recall z_ B] =

]1-

Digit vigilance task : ¥ % e+ + & €3 — B HE TP OEF
By oA A FaY FEHENRLB 19 e vdkF 0 &
e F IR 240 BlcF o E ¥ FC W ARG ol b &b
BoF - WP X FATRE D aest | F Ry
fot b &l A - HRPE o LR F R AEE 1074

bk RPER(MS)E F RERERE (%) (4B 7)

i 7 Digit vigilance task z_ B] -+
Choice reaction time : &% % 9 & ¢ 7 2 pF ("E8 I RO

RS L& 254) hfIm X & Y hg 2 > 23553 50
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’k ’ Fﬁl? "IE‘E—#XB%)\/E ﬁ"qﬁ?#’%—rﬁé“ﬁj”l”mﬁ‘%; %’:’VIIEJYEE}:
LRI B AT G OV o e R (MS) 2 £ it

FE B (%)  (4-H] 8)

X

B 8 Choice reaction time z_ B8]+

Spatial working memory : &% % ¢ & € J - k4 F R

=

S, H e 4%%¢Iﬁai3(%{r§]9l)’if'ﬁ w S Fidap KB

PR dniEieT 2B FY gAFNMIG KT G - K
EF ¢t gREAY S GFRRBE RIS F2L 05 4 i
BAE - L g RE e g s 0 B - fepE (ol 9-2) %

Rl RRTRE I A A P H Y -
(4c@ 9-3)» LRIH F 4 TEEE L V07n4E S o HF PF
B (ms)£ F & 55 & (%) °

9-1 9-2 9-3

i 9 Spatial working memory z_ f&] -+
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Memory scanning task : ¥ % ¢ &F ¢ D5 By HEkF > &
RlEFAMEE BHRFFEAZBFFFIRESHEIM]
B 0-9 chfe i » X3 ¢ F IR 30 BT 5 xRl
RIS EFEY B RikF Ay - IS B#cF

B PR ERK R R T AR I 2 L5 Bk

LEAF R X FXRED F A AR o jed Rk B (M) &

B rr R (%) - (4@ 10)

1,4,6,2,0

Bl 10 Memory scanning task 2. ]+
Word recognition @ ¥ ¢ B¢ F I MI0BEHEF > H
* 3 15 i ¥ F & Immediate word recall % 5 13L& ¥ ¢F 1 5
BEFEAGIRE FERFFRELS S FFFY FAR
hE 2w SN KR FRTEE R F
AR NI 0 KR R AT RE V07t o el R B R

(ms)& & s &7 & (%) » (4] 11)
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Bear

i8] 11 Word recognition z_ B&] -+

* AR 3 ¢ e Immediate word recall ~ Spatial working memory -
Memory scanning task ~ Word recognition ¥_§ e g4 > & Fp5 o

@ Digit vigilance task ~ Choice reaction time p| #_§31 % 4 = & g

E’é} o
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34 RERE

AR E R B-E gk 2 2 K TS R F % K 3 (open-label,
SnmﬁmdRmﬂomSmnmmgamUmmdUMDa#ﬁﬁ@ﬁ%ﬁz.%gé%;ta

ST A A RN REEL R EEBNRZEZLSRI T F e ez

|
I
R
*fnﬁ
N
*fnﬂ
i
*fn,h}
AR
T
=
F_&
.|
b
|_\
N
o
o
—
o
o
)
s
iy
S

dILpEAE2 AR LRIFEr G HL0EF S 2 (H3E) 3
B A 18-28.1°C~ iR B 4 3 45-TT% 4% & % B enT ¥ak 4 v = § 336
+106 Lux; T = § 401 + 169 Lux s ip| 2 Pt » B TR
REOTBAES AR F I RRARFERZ AR THFTE BT
WBRET £ dn ) BRI ORI E E (R E R L S
W )AL 10 A48t B E 10 A &mp A KA (B 5 TR
2R H N RF R R BRI RIF A 2
60 = & e 817 10 A 4B ef s~ (G Rl R YR G g
A B RR L Rk o R RIFHER AP F ) FERIE A LA
TR 20 4 (P AP RIE R e () FERAFR A = 10:00
] 12:00 & T = 14:00 ¥] 16:00 & {7 > £ plF &~ FLGE NG FF
kA~ EF R F B E 0 URRAFIR S E R 10 A4S g

i 7 T SRR P AR Y B R
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9}'—" ° HLr”f(g‘mF' Fhe FHoo 7 B ﬁ»ﬁm_)i P!»}%'? %%‘7\;??9‘;‘;@

PSR o B Y i ARACE] 12 o

3.6 FHALS A i

FoREYpd L TR b2 21 0 £ % SPSS
18.0 for Windows & Z#icd8:i& (7 32t A 47 o Ap A A SR ik
B? oo FIHE A dcdc B o] o ST B Y & 4 di i3t (Nonparametric
statistical test) > ;4> 12 § — & 3 R 3 % (Mann-Whitney U test):g {7 4% i
Bl RS plleFant o § p £<0.05 5t A
¥ AR5 A H 5B E B 2 (Wilcoxon signed ranks test)ig {7 b
ZoRArm stz Bp ER R S 2 BT EEEKRT T OEDE
<005 F 33 B F AR o AR OF HRERP B RN R
7_(Independent-Samples t test) & +b g b e % odlie - ez B eni
B fpiE <0055 FREE LR o
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A

9 % = N=100

T oA iR

Y I > 10 » 48 ] v
! P BT IR
CERGES

A A

Bl s w4

Bl 12 p 24 SRMERPIE T QAR SR AR
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A1-Rz2 4 A >»wp A LEB2 VR

SRR EAKEFE YA BRI 3 ALR 0 T

oY E —BABRAYRRRS B R BRSO A Lo

4.1.1 P A 45

4 % 187 > HR ~ SDNN ~ RMSSD ~ pNN50 % % £ 85 % % & o

412 453 A 4%

d % 187 LF-HF~LFHF-TP ¥ A:Zhg ¥ L 8 o

413 8 # BE AW

d % 1% »SC-STemp ¢ AZHFZL R o
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F1RE R A~ p A SEHEZ IR

g A
(n=24) (n=23)
Iltem Mean + SD Mean £ SD
Age 21.10+£0.94 20.50 £ 1.36 U & P &
Time domain
HR 73.66 + 9.17 73.25 + 8.86 263.00 0.782
SDNN 59.17 + 17.12 57.52 + 15.90 268.00 0.865
RMSSD 40.45 + 16.87 44,75 + 20.28 237.00 0.407
PNN50 19.22 + 16.20 24.22 £ 18.94 232.00 0.349
Frequency domain
LF 2891.50 + 1860.52 2491.24 + 1777.92 234.00 0.371
HF 1947.30 + 1507.18 2559.60 + 3480.16 251.00 0.595
LF/HF 2.15+2.04 1.54+1.16 223.00 0.259
TP 5939.29 + 3381.51 6265.00 + 4927.25 264.00 0.798
Hi i
SC 1.16 £ 1.10 1.71+1.99 209.00 0.223
S Temp 32.83+5.18 34.09 + 3.22 258.50 0.895

I A S A=) O
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423 32— KkEZ R A rop A FREEZ IR

0 BT 2ARRIE ERE FE MR A DD BF AT

AR TR —RARRETRAM S e F gt B R

4.2.1 pEIS A 45

4 % 287 » HR ~ SDNN ~ RMSSD ~ pNN50 % % £ 85 % % ® o

422 453 A 4%

d % 287 LF-HF-LFHF - TP ¥ A ¥ 1 8 -

423 H © BB L

d % 2% »SC~STemp ¢ A EZL R -
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g A
(n=12) (n=12)
Item Mean £ SD Mean £ SD
Age 20.89 £ 0.93 20.56 £ 1.23 U & P &
Time domain
HR 72.59 + 10.74 70.49 + 8.48 62.00 0.590
SDNN 62.43 + 19.57 62.96 + 18.14 68.00 0.843
RMSSD 36.86 + 19.09 47.74 + 24.14 50.00 0.219
PNN50 16.98 + 18.96 26.39 £ 20.90 47.00 0.160
Frequency domain
LF 3107.89 + 1644.92 3061.61 + 2134.45 65.00 0.713
HF 1500.96 £ 1245.72 3388.08 + 4698.66 51.00 0.242
LF/HF 3.07+ 252 1.66 + 1.00 39.00 0.060
TP 6132.10 + 3340.48 7980.53 + 6183.12 61.00 0.551
H s ficid
SC 1.33+1.30 1.96 £ 2.23 50.00 0.219
S Temp 34.82 + 2.99 35.63 + 0.86 71.50 0.977

AR A E RS g E LR
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431 pri A ¥

4 % 387 » HR ~ SDNN ~ RMSSD ~ pNN50 % % £ 85 % % ® o

432 81 & ¥7

d % 387 LF-HF-LFHF - TP ¥ A ¥ 1 8 -

433 H © #iEs 5

d % 3% 7 >SC-~STemp 3 A HFLE -
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#2344k E N A 0T AR EEMZ VR

g A
(n=12) (n=11)
Iltem Mean + SD Mean £ SD
Age 21.30 £ 0.95 20.43 £ 1.55 U & P &
Time domain
HR 74.73 +7.62 76.26 + 8.63 58.00 0.651
SDNN 55.90 + 14.36 51.58 + 10.96 55.00 0.525
RMSSD 44.03 + 14.23 41.49 + 15,52 57.00 0.608
PNN50 21.46 £ 13.34 21.85+17.25 61.00 0.786
Frequency domain
LF 2675.10 + 2104.72 1869.03 + 1061.35 55.00 0.525
HF 2393.65 + 1662.29 1655.81 + 798.73 54.00 0.487
LF/HF 1.23+0.75 1.42 +1.35 61.00 0.786
TP 5746.48 + 3559.33 4393.53 £ 1993.19 52.00 0.413
H W HciE
SC 0.98 + 0.85 1.43+1.76 55.00 0.748
S Temp 30.65 * 6.26 32.41 +4.00 56.00 0.797

AR A E RS g E LR
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FHESsYREFEN LB R SEET YA 4o

4.4.1 peig A 47

d % 4 %7 > 5P & HR ~ SDNN ~ RMSSD ~ pNN50 ' & i &g

442 453 A 4%

“‘\

d & 4857 > widplELF~-HF-LFHF-~TP v A2l % L & -

443 3 s Bl L7

d 2487 7 eSCERFLR(Z=-2237,p=0.025)
Pl 5 116+ 110~ R 5 146+ 143> SC Heim s pls 4= > F

PR EEH A A STemp Pl A SR F LR -
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AR ~ W ISRIE A GRME R

ok
(n=24)
Pre-test Post-test
Iltem Mean + SD Mean + SD Z B P =
Time domain
HR 73.66 + 9.17 73.83+9.54 -0.171 0.864
SDNN 59.17 +17.12 62.02 + 20.54 -1.286 0.199
RMSSD 40.45 + 16.87 41.34 +18.91 -0.343 0.732
PNN50 19.22 + 16.20 20.54 £ 17.44 -0.314 0.753
Frequency domain
LF 2891.50 + 1860.52 3513.83 + 2386.35 -1.686 0.092
HF 1947.30 + 1507.18 214557 + 1812.65 -0.657 0.511
LF/HF 2.15+2.04 257+ 222 -0.801 0.423
TP 5939.29 + 3381.51 7156.65 + 4865.79 -1.543 0.123
H i HeE
SC 1.16 £ 1.10 1.46 £ 1.43 -2.237 0.025*
S Temp 32.83+5.18 32.53 £ 5.39 -1.558 0.119

AR A E RS g E LR
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453 22 ——kRA>D3Blp LM FERLZILER

SIBEBRIMAEL S RA rFRIE SRETFELE T

4.5.1 3 A 4%

4 4 547 > HR ~ SDNN ~ RMSSD ~ pNN50 2 # 14 ip| ¥ % 4 i
BELR o
452 438 & 5

§ % 587 LF2 # (sl bg¥ £ 8(Z=-2510,p=0012) > %
7] % 3107.80 + 1644.92 ~ 14 ) 5 4245.05 + 2480.71 » LF #ic it £ 14 i8] 3
P BET LR A AR 2 5 At HE ~ LFIHF ~ TP 2. % 14 58] 8

vREIHEFALER -

453 # s fig A7

4 & 587 SC2 iRy £ 8(Z=-2087,p=0.037) %
15 1.33+1.30 18] 5 1.78+1.80 > SC #cid ti5 Bl F & 2 > F p

IR EEH A STemp 2w (SRR AZRFLER o
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2592 —kArp AW EEE2Z T ERE

ok
(n=12)
Pre-test Post-test
Iltem Mean + SD Mean + SD Z B P &
Time domain
HR 72.59 £ 10.74 72.19 + 11.80. -0.314 0.754
SDNN 62.43 + 19.57 65.12 + 22.97 -1.020 0.308
RMSSD 36.86 + 19.09 40.18 + 22.83 -0.549 0.583
PNN50 16.98 + 18.96 21.04 £ 21.79 -0.784 0.433
Frequency domain
LF 3107.89 £ 1644.92 4245.05 £ 2480.71 -2.510. 0.012*
HF 1947.30 + 1507.18 214557 + 1812.65 -1.569 0.117
LF/HF 3.07 +2.52 3.21+1.95 -0.433 0.665
TP 6132.10 + 3340.48 8054.13 + 5507.33 -1.726 0.084
H s i iE
SC 1.33+1.30 1.78 £ 1.80 -2.087 0.037*
S Temp 34.82 £ 2.99 34.96 + 2.36 -0.157 0.875

R A GNP P ealEF L R
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OB RLFRES Y REFEN LB ROBEHETNEL 6o

4.6.1 P38 & 47

d % 6 %% > HR ~ SDNN ~ RMSSD ~ pNN50 z_ 7 15 B ‘¢ 4 i% &g
FAR -
4.6.2 #F 35 A 7

d %687  LF-HF-LFHF~TP 2 % (SR % A EHFL B -
463 3 % #KE L

d % 6 &7 S Temp 2w tspEEEL8(Z =-2040p =

0.041) > #vipl % 30.65+6.26 ~ {5 iRl = 29.89 + 6.56 » S Temp #H & 7 {s

BlF T ER R a4 A SCLmSRIPI AL ELR -
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2644 B —RAXT{EP P M LB VR

'k
(n=12)
Pre-test Post-test
Iltem Mean + SD Mean + SD Z B P =
Time domain
HR 74.73 + 7.62 75.47 £ 6.72. -0.235 0.814
SDNN 55.90 + 14.36 58.92 + 18.27 -0.941 0.347
RMSSD 44.03 + 14.23 42.50 + 14.95 -0.235 0.814
PNN50 21.46 £ 13.34 20.04 £ 12.68 -0.314 0.754
Frequency domain
LF 2675.10 + 2104.72 2782.62 + 2141.62 -0.078 0.937
HF 2393.65 + 1662.29 2348.73 + 1894.19 -0.628 0.530
LF/HF 1.23+0.75 1.93 + 2.36 -0.713 0.476
TP 5746.48 + 3559.33 6259.17 + 4173.26 -0.549 0.583
H i HeE
SC 0.98 + 0.85 1.10 £ 0.83 -1.245 0.213
S Temp 30.65 * 6.26 29.89 * 6.56 -2.040 0.041*

AR A E RS g E LR
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AT HEw A~ Ri8RP LA EREHE2 LR
SOBREFR AT REBRZFEIETFALRE FRL R A

LR RS R T REFEN LR AR BRE AL T

4.7.1 RS A ¥5

4 4 7h 5% > HR-SDNN~RMSSD - pNN50 % A3 F £ 8 «

4.7.2 558 A 45
d % TH7 o LFHF 23 % £ 8 (Z=-2170,p=0.030) - # i#| &
154 + 116 ~ f4ip] 5 1.78 £ 1.08 » LF/HF $icid &8l F “rie = - £ p

LR FEER A A R LF-HF TP 2 55 A FIBEF LR -
473 H s g~ 7
d % 77 > STemp i ¥ £ 8 (Z2=-2555p=0.011) = p 5

34.09£3.22 ~ t5p 5 3340+ 3.89 > STemp #ic e tfs iRl g #7%% > F

PRAREMHA s A SCZ B SRIPAEREFLER o
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TN T W {SRlp A GRFEEZ R

A o
(n=23)
Pre-test Post-test
Iltem Mean + SD Mean + SD Z B P &
Time domain
HR 73.25 + 8.86 73.22 + 8.32. -0.836 0.403
SDNN 57.52 + 15.90 61.25 + 20.68 -1.430 0.153
RMSSD 44.75 + 20.28 42.81 +17.28 -1.217 0.224
PNN50 24.22 £ 18.94 21.52 + 16.17 -1.612 0.107
Frequency domain
LF 2491.24 + 1777.92 3379.33 + 2805.95 -1.886 0.059
HF 2559.60 + 3480.16 2302.15 + 2059.99 -0.547 0.584
LF/HF 1.54 £ 1.16 1.78 £ 1.08 -2.170 0.030*
TP 6265.00 + 4927.25 6794.28 + 5179.87 -0.791 0.429
H i HeE
SC 1.71+£1.99 1.75+1.90 -0.357 0.721
S Temp 34.09 £ 3.22 33.40 £ 3.89 -2.555 0.011*

AR A E RS g E LR
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483 2—JEM A > fsBlp AN EBHEZ IR

SOOI AEA IR BRI E SRFEE AL
BoRY R BAGFARELS T HREFEN LR ot R KT
4 8o
4.8.1 FFi 4 35

d % 8 &+ > HR ~ SDNN ~ RMSSD ~ pNN50 z_ &0 5 5B % & i &
FLE o
4.8.2 38 38 & 5

d % 8%+ LF-HF~LF/HF~TP 2z i t3p| s A B ¥ £ R o
483 3H # #iEs 7

d % 8 &F"]‘ » SC z_ 7 14 /FJ %“f‘ 2 (Z -1962, p= 0050) T

Bl e 1.95+223~ 6B 5 250+2.31>SC #ie +’é/]4 Tk o K opt

TRFIHA e A STemp 2 W ERIPIAERFLE -
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285 2m FH i rmispp A GBI R

R
(n=12)
Pre-test Post-test
Iltem Mean + SD Mean + SD Z B P &
Time domain
HR 70.48 + 8.48 71.45 + 7.66. -0.235 0.814
SDNN 62.96 + 18.14 70.48 + 23.80 -1.412 0.158
RMSSD 47.74 + 24.14 45.46 + 19.34 -0.784 0.433
PNN50 26.39 + 20.90 23.01 £ 17.57 -1.255 0.209
Frequency domain
LF 3061.61 + 2134.45 4225.28 + 3171.19 -1.569 0.117
HF 3388.08 + 4698.66 2842.44 + 2547.70 -0.549 0.583
LF/HF 1.66 + 1.00 1.96 + 1.08 -1.878 0.060
TP 7980.53 + 6183.12 8529.21 + 6102.63 -0.549 0.583
H i ficim
SC 1.95 % 2.23 250+ 231 -1.962 0.050*
S Temp 35.63 £ 0.86 35.45 + 0.97 -1.570 0.117
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4944 e dFd A > WISRP AN BB IR

SOBBAE LG H A2 BRI 2 BRI FETE G AL
BT o RTALGFEFEIE LT REF LN LR R B EET
4 9o
49.1 B¥ig & 7

d % 9% 7 » HR ~ SDNN ~ RMSSD -~ pNN50 2_ % {4 ] % & if &8
FLE
492 3538 & 5

d % 987 LF-HF -LFHF - TP 2 wi (5Bl A EBE ¥ £ B o
493 8 # HBEL 7

d %9 &F"]‘ » SC z_ av 19 /FJ %“f‘ -?‘—(Z -2040, p=0041) T

Bl 5 1432176~ 18R 5 0.94+£0.81> SC #Hcie tfs i3 #7'% 1> F pr

TLREEFC A STemp 2w (SRR AEHF LR -
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2942 e WA xSRI LM EFEEZR

A
(n=11)
Pre-test Post-test
Iltem Mean + SD Mean + SD Z B P &
Time domain
HR 72.26 + 8.63 75.15 + 8.95 -1.689 0.091
SDNN 51.58 + 10.96 51.18 £ 10.19 -0.800 0.424
RMSSD 41.49 £ 15.52 39.92 + 15.10 -0.889 0.374
PNN50 21.85+17.25 19.90 + 15.17 -0.978 0.328
Frequency domain
LF 1869.03 + 1061.35 2456.47 + 2112.75 -0.800 0.424
HF 1655.81 + 798.73 1712.75 + 1209.76 -0.356 0.722
LF/HF 1.42 +1.35 1.58 + 1.08 -1.245 0.213
TP 4393.53 + 1993.19 4901.64 + 3241.85 -0.445 0.657
H i ficim
SC 1.43+1.76 0.94 £ 0.81 -2.040 0.041*
S Temp 32.41+4.00 31.17 + 4.66 -1.913 0.056
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AT RBAAKE FERHS AN eREFa AL 0 5

BB R R LR R B o BB E 10

4.10.1 B3 & ¥

4.10.2 45 38 A 44

d £ 10&?‘7‘1‘ s LF ~HF ~ LF/HF ~ TP ?Jbé‘é’%?‘%&_ﬂ .

410.3 H # #cig 4 47

d % 10 %+ >»SC~STemp » Ak F L R -
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g A
(n=24) (n=23)
Iltem Mean + SD Mean £ SD
Age 21.10+£0.94 20.50 £ 1.36 U & P &
Time domain
HR 73.83+9.54 73.22 +8.32 260.00 0.733
SDNN 62.02 + 20.54 61.25 + 20.68 259.00 0.718
RMSSD 41.34 +18.91 42.81 +17.28 250.00 0.587
PNN50 20.54 £ 17.44 21.52 £ 16.17 256.00 0.670
Frequency domain
LF 3513.83 + 2386.35 3379.33 + 2805.95 260.00 0.733
HF 214557 + 1812.65 2302.15 + 2059.99 250.00 0.580
LF/HF 257+ 222 1.78 £ 1.08 247.00 0.5637
TP 7156.65 + 4865.79 6794.28 £ 5179.87 264.00 0.798
H W HciE
SC 1.46 £ 1.43 1.75+1.90 257.00 0.869
S Temp 32.53 £ 5.39 33.40 + 3.89 263.50 0.982

I A S A=) O
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% 11 -

4111 i A H5

d % 11 %1 > HR~SDNN-~RMSSD ~ pNN50 % A2 ¥ £ B o

4.11.2 4538 A 44

4 4 1147 LF-HF LF/HF TP % A 2 ¥ £ 8 -

411.3 8 # Big A4

d % 11%7 »SC~STemp ¢ Ak x4 8 o
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g A
(n=12) (n=12)
Iltem Mean + SD Mean £ SD
Age 20.89 £ 0.93 20.56 £ 1.23 U & P &
Time domain
HR 72.19+11.80 71.45 £+ 7.66 69.00 0.887
SDNN 65.12 + 22.97 70.48 + 23.80 64.00 0.671
RMSSD 40.18 + 22.83 45.46 £ 19.34 53.00 0.291
PNN50 21.04 £ 21.79 23.01 £ 17.57 59.00 0.478
Frequency domain
LF 4245.05 £ 2480.71 4225.28 + 3171.19 69.00 0.887
HF 1942.40 + 1786.65 2842.44 + 2547.70 55.00 0.347
LF/HF 3.21+1.95 1.96 + 1.08 46.50 0.143
TP 8054.13 + 5507.33 8529.21 + 6102.63 69.00 0.887
H W Hcim
SC 1.78 + 1.80 250+ 2.31 56.00 0.378
S Temp 34.96 + 2.36 35.45+ 0.97 69.50 0.887

AR A E RS g E LR
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PO OBEREAAERIE ARE GE R A BF LTS
AEZR S FE oY E AR YRR EF O R BE T

% 12 -

4121 B A 45

d % 12 %5+ » HR~SDNN -~ RMSSD ~ pNN50 ¥ A2 ¥ £ B o

4.12.2 458 A 5

4 4 1287 > LF~HF~LFHF - TP ¥ A 2l ¥ £ 8 o

4123 B # B A4

d % 12% 7 »SC~STemp ¥ AZ ¥4 £ -
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g A
(n=12) (n=11)
Iltem Mean + SD Mean £ SD
Age 21.30 £ 0.95 20.43 £ 1.55 U & P &
Time domain
HR 75.47 £ 6.72 75.15+ 8.95 64.00 0.928
SDNN 58.92 + 18.27 51.18 + 10.19 43.00 0.169
RMSSD 42.50 + 14.95 39.92 + 15.10 55.00 0.525
PNN50 20.04 £ 12.68 19.90 £ 15.17 59.00 0.695
Frequency domain
LF 2782.62 + 2141.62 2456.47 £ 2112.75 61.00 0.786
HF 2348.73 + 1894.19 1712.75 £ 1209.76 61.00 0.786
LF/HF 1.93 + 2.36 1.58 +1.08 57.50 0.608
TP 6259.17 + 4173.26 4901.64 + 3241.85 56.00 0.566
H W HciE
SC 1.10 £ 0.83 0.94 +0.81 49.00 0.478
S Temp 29.89 * 6.56 31.17 + 4.66 59.00 0.949

AR A E RS g E LR
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A13 ¥ & -k A > ARk 2 B R

ROORRBEELAE AGETE MR KA E

=3
F_&

AT R RE R R Ry bz B Fp o g RISt Tk

MR B L R o 4ok 13 &7 o

4131 ARk F BERF VR

d % 13 &1 > = 2/ & Digit vigilance task ~ Choice reaction time
2 F it ¥ £ 8 (p=0.083/0.078) » Bt R - 7 P ¥ A H
FELB e H AKW egF REFS R R ESHF 5 A 2 Immediate
word recall ~ Spatial working memory ~ Memory scanning task ~ Word

recognition 2. ¥ S R Atk E LR o

4132 APl Bk 2 F B R

d % 13 &1 » = & F { Digit vigilance task ~ Choice reaction time ~
Spatial working memory ~ Memory scanning task ~ Word recognition 2

FREEF A EgF42 -
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13 5 5 b & R A o~ AR BR 2 L iR

k 7 5
(n=50) (n=50)
Item Mean = SD Mean + SD P &
Age 20.76 £ 1.08 20.34 £ 1.20 0.420

1.Immediate word recall

Correct number 7.02 £ 2.05 7.40 £ 1.60 0.222
2.Digit vigilance task

Accuracy(%) 94.37 + 3.41 95.98 + 2.60 0.083

Reaction time(ms) 374.19 + 47.44 37250+ 4582 0.721
3.Choice reaction time

Accuracy(%) 95.20 £ 3.81 97.28 £ 2.91 0.078

Reaction time(ms) 454.90 £ 50.13 459.92 + 4841  0.959
4.Spatial working memory

Accuracy(%) 91.00 £ 8.74 92.39+11.11 0.292

Reaction time(ms) 745.83 £ 180.33  746.35+ 291.12 0.548
5.Memory scanning task

Accuracy(%) 91.71 £ 3.65 92.38 £ 3.48 0.888

Reaction time(ms) 589.02 + 93.55 586.01 +84.80 0.853
6.Word recognition

Accuracy(%) 90.53+ 7.26 89.20 £ 6.72 0.888

Reaction time(ms) 767.39+111.24  754.16 £ 110.65 0.841
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414 F B MBS 2 kA 2Rl B VR

1 BEREI IR AEETFHAE R o
B el RPFR 2 F RERF LB F8 o5 KAt

TRV R o dod 1487 o

4141 RAp| B2 F RERF K

d % 14 B > = 2/ & Digitvigilance task z_ F & & fr 5 s

da
[
=if

Z 8 (p=0.041) » H A ek BERIR-LKESE A Hp L
Immediate word recall ~ Choice reaction time ~ Spatial working memory -~
Memory scanning task - Word recognition 2. * & )¢ A kg ¥

4142 3/50R| %R 2. F BRI R
d % 14 &1 > = = F { Digit vigilance task ~ Choice reaction time ~
Spatial working memory ~ Memory scanning task ~ Word recognition 2

FREF AERF4LE -
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2149 4 m-F M 2 KA~ uiviplsz B

g3 75 ke
(n=25) (n=25)
Item Mean + SD Mean + SD P i
Age 20.46 £ 1.15 20.06 £ 1.15 0.784

1.Immediate word recall

Correct number 6.32+1.91 7.24£1.79 0.946
2.Digit vigilance task

Accuracy(%) 94.70 £ 3.67 96.15 £ 1.99 0.041*

Reaction time(ms) 375.09 + 52.60 374.67 +£44.49  0.550
3.Choice reaction time

Accuracy(%) 95.20 + 3.87 96.80 + 3.16 0.370

Reaction time(ms) 449.04 £ 51.79 447.66 £ 42.83  0.958
4.Spatial working memory

Accuracy(%) 92.44 £ 9.81 94.11£9.01 0.837

Reaction time(ms) 690.27 + 149.94  715.35+358.34 0.421
5.Memory scanning task

Accuracy(%) 91.16 £ 4.20 90.98 £ 3.69 0.709

Reaction time(ms) 593.29 £ 110.11  591.37+88.69  0.896
6.Word recognition

Accuracy(%) 89.07 £ 8.74 89.60 + 6.69 0.229

Reaction time(ms) 787.00+ 123.86  760.54 + 103.22 0.181
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415 % B 2 kA » ARl BV R

AORERECBLRY AGET RS kA H
B el RPFR 2 F RERF LB F8 o5 KAt

T AW REFALE o dok 1587

4.15.1 3RpAp|sk 2 F BBERF VR

d % 15 &1 » = & B & Spatial working memory z_ * J& % fx 5 &
MEaoL B (p=0047) 2 A eanF BRERFE-LEDF ;@
Choice reaction time z_ & Ji 575 % Pl 1748 % £ B (p=0.066) » & 2% o
R AIHFALARL R H Al er RBRS ROk emg 5 4
4 % Immediate word recall ~ Digit vigilance task ~ Memory scanning

task ~ Word recognition 2. ¥ RS Py AEEFL R -

4.15.2 34CRIBR 2 F PSR R
d % 15 &1 > = =& { Digit vigilance task ~ Choice reaction time ~
Spatial working memory ~ Memory scanning task ~ Word recognition z_

FREF A ERFLE -
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#1544 B-F MR 2 KA~ ArplsR 2 BT R

g3 T F e
(n=25) (n=25)
Item Mean = SD Mean £ SD P i
Age 21.06 + 0.95 20.62+1.21 0.192

1.Immediate word recall

Correct number 7.72 + 1.97 756 +1.42 0.461
2.Digit vigilance task

Accuracy(%) 94.03 + 3.16 95.82 + 3.12 0.793

Reaction time(ms) 373.30 + 43.39 370.32 + 47.93 0.899
3.Choice reaction time

Accuracy(%) 95.20 + 3.83 97.76 + 2.60 0.066

Reaction time(ms) 459.14 + 48.96 472.17 + 51.35 0.796
4.Spatial working memory

Accuracy(%) 89.56 + 7.45 90.67 + 12.83  0.047*

Reaction time(ms) 801.39+£193.60 777.36 + 206.46 0.842
5.Memory scanning task

Accuracy(%) 92.27 £ 2.98 93.78 £ 2.66 0.395

Reaction time(ms) 584.74 + 75.54 580.64 + 82.20 0.850
6.Word recognition

Accuracy(%) 92.00 + 5.18 88.80 + 6.86 0.122

Reaction time(ms) 74778+ 9551  747.77+11958  0.350
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