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Investigating driver’s distraction and mental workload under
dual-task processing, and the effectiveness of auditory warning
feedback in a realistic driving environment

Student: Tien-Ting Chiu Advisor: Professor, Shang-Hwa Hsu
Professor, Chin-Teng Lin

Driver distraction and inattention are important issues of driving
safety. It easily leads to traffic accidents when drivers shift their attention
away from the driving task. Based on this circumstance, we conducted
two studies in a virtual reality driving environment to explore the effects
on reaction time of driver distraction and workload, and auditory
warnings. In first study, the aim was to discover how answering math
equations affected driving workload and found out the relationship
between responding to car deviation and answering math equations. The
second study was aim to investigate what kind of warning sounds and
frequency could effectively give a caution and prevent traffic accidents
caused by inattentiveness during driving.

In first study, we hypothesized that the stimulus onset asynchrony
(SOA) affects dual-task (driving & cognitive task) performance. We
measured and evaluated the dependent variables in two aspects,
driving-related task and workload-related task. The response time (RT)
for responding car deviation was a dependent variable of driving-related
task. Other dependent variables of workload-related measures were RT of
giving correct answers and the number of incorrect answers of arithmetic
task. The total of 25 volunteer participants was in this study. This

experiment demonstrated that the performance of driving task did not be



affected by interruption of arithmetic task, the distraction effect did not
occur. We also found that the mental workload for secondary task
(cognitive task) was much higher than that for the primary task (driving
task).

Additionally, the study found that participants’ driving strategy in the
dual-task conditions took the driving manipulation as a priority. The more
attentional resources consumed by the primary task, the fewer there are
for the secondary task. Therefore, the secondary task caused participants'
cognitive load to be maximized. Reaction time on the secondary task is
thus seen as an indicator of demanded attentional capacity amount of the
primary task.

In second study, we attempted to. identify what kind of auditory
warning signals and characteristics could maintain driving performance.
The study was carried out under seven conditions: with no warnings, with
continuous warning tones (500 Hz, 1,750 Hz, 3,000 Hz), and with tone
burst (500 Hz, 1,750 Hz, 3,000 Hz). The conditions were examined in
random order and we ran different experimental sessions for the different
conditions. Besides, we designed a questionnaire to measure individual
experiences subjectively. To assess influence of stimulus characteristics
on improvement in driving performance, this study conducted a test based
on two-way ANOVA (type of sounds x carrier frequency, CF). The total
number of volunteers was 13 participated in this study. The experiment
result indicated that the mean response time (RT) of the warning sessions
was also significantly less than for the without-warning sessions.
Comparing the effectiveness of varying carrier frequency on RT,

continuous tone, two sound frequencies, 1,750 and 3,000 Hz, were more

Vi



effective in accelerating driver’s reaction time than the frequency of 500
Hz. In addition, more than 92% of the participants agreed with the
statement that tone burst type warning sound gave efficacious warning.
Also 92% of all respondents agreed that the warning sound frequency of
1,750 Hz (69%) and 3,000 Hz (23%) had better effectiveness.

Based on the result of these two studies, the cognitive tasks could not
significantly affect the performance of any assessed driving tasks. And
the spectral characters in terms of the carrier frequency (CF) significantly
influenced the warning effectiveness. Hence, the mental workload,
driver’s distraction, and traffic safety are intrinsically intertwined. To
reduce injury caused by driver’s distraction, fatigue, inattention, and
mental load, we need to develop.areal-time detection warning system of
dual-task and driver’s drowsiness. It would combine design elements of
human interface technology and brain-computer interface, and take into

consideration the driver and their capabilities in the driving environment.

Keyworks: Driver distraction, dual-task, primary task, secondary task,

Stimulus onset asynchrony, workload
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(1) ¢ < #5853 (Central-Bottleneck model, CB)
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S2 R2
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[Response Selection Production
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>
M2l ¢ L FHII2FTRHRLAFTHENTILW - @ ¢ & 5FH I
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(timing) T¥ %3 v X - BIEL> R * A ehFhE RER* 2 F

32 2 R AR E 0 @ 3 i s (workload) EX P IFE T R
LAl TR E e 50 RP gm0 71 § K Parkes and Coleman

(1990) je g & vk ¥ iy » L2 WA N7 - FH L * 4
(B * BT R A ARIFE R ﬁigl ~_(cross-modal) = ¥t - AR/ B
SL# i # ~ (intra-modal) i »cdd > 2 %% M- 3 32 R § (confusion)
R 4L - Violanti and Marshall (1996) 7 7 4p 1 » &8 % 5 R B 7 # 0
BERP T R AR A BBy R SBER

te

L ERAHAie o T2 2 BITERY AR DT R B A TR
2R X PR Fadp RS (Wickens & Hollands,2000) - # 1 &
+ Lansdown et al. (2004) #= 3 %5 % % 3R - AHEFIN FH IR IT

Yot e FRTE)HR I F2%2 I mh 3 Jlh R

(Gle o2 2 AR ) A BB mABEFRT -~ BB R T



AR ARDVER-FORGEFLITEHE D oy £~ PR
(4) Hic ~ Hp| 2 a3 (skill, rule, and knowledge, SRK model)
ERLE R yEIE E,ﬁé«g 7503 7 Binao-k ® (Rasmussen,
1987; Ranney, 1994; Wickens Gordon & Lui, 1997; Wester, 2008) -
Wester, Bocker, Volkerts, Verster, and Kenemans (2008) 3 | i Rasmussen
SRK model » #3¢ A fgnsedid] » " 5 Haw ~RP ~ 2 wBE =
#3) (SRKmodel) » ¥tp> B 2 75 ¢ » Faw A# 7 5 (Skill-based
behavior) 4cf & p & * ML BFE B~ BIEFI F M TR EH]  E iR
g 351 (tracking or guiding)  AplA# 7 5 (rule-based behavior) A
ErCRaER s FERERERBATE > L LR LR LT D RS
BB blhed dmik iy o oA 5 (Knowledge-based behavior) %
8 AAT47 (novel) » 4 4% 45 E Ak EAK 0 A A TEAE
% P4 1 F 3 (conceptual information) > B de G iE ERARF] - BAE

f2;4-27 ;4§ (problem solving or decision-making) % ;&3] o
222118 jF

i 3% Gartner and Murphy (1979)% 7 :};] Do 1 IF R AT G ITE
& R~ Y 4 (effort) ~ %5 & (activity) & = % (accomplishment) - — 4@
TOFEALLARA T A REAERSS AR LI ITE R

(Weiner, 1982) - 1 iff jr 8 - BE R L PFEL » T AT 4



\\3
\z;
lﬂb
Jet.

BEIAT e i 4 TR TR AR R LAY
&gﬂ%*@%@ﬁ%*z A S FRE ALY ope  (DeWaard,

1996; Wickens & Hollands, 2000) - 1 ¥ § jr & % #4305 B8 p& X %7 i+

T,

K’:l‘;g

1 b

Pﬁ ::[L'li}é-@___‘l);ﬂ,ulg_#f $UP\$JU¢,:7,Z.,* b,wi’vg‘
JFAE_A R A 2 Eiah® Foahd i (Gopher & Donchin, 1986) - + % i
I Ef FRBITR & ¥ o A4 4 (residual capacity) * *t4z §
PR o F A A QB A R F R ITE M A A RITE
(Tsang & Vidulich, 2006; Gawron, 2008; Wickens, 2008) - f& & 2. » 1 i*
ARG - TEHBHAT R T K2 7 pliiciE T2 RBYe *
IFERELHITEFRTE RPTRELF LR Mo B IT) 7

(R A )P 4o

(D Tf FRIEV BEF e L Lam®h > @ 117 f m Rl g

P AL RIT A 4 > FAB TS @ 4T TR ORISR

Lo

T L (F £, 2007) - iz gpHart and Wickens (1990) .p?

CENLE IR RS AR R F RS SR
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Aoipd AF BAEAGILLA BRTEE > a TR A AZ PR
FIE 0 BIEHRE Y AT TR
QuEtdmr i FHERR: R FENFTER
(Time require) ",$ mFFZirET & * R (Time available) » § v+
w4+ 1pF > 5% f #(Sanders & McCormick, 1993; Meijman &
O’Hanlon, 1984; +k 3 #&, 2002) -
(3) i 5 Casali and Wiereille (1984)4 4L w07 7 & LAY - =
#7 oo (perceptual) ~ # #& (mediation) ~ /% i (communication)
Z 0% (motor) & (* ¥ cig B FF > iz BERY FRF R

P (response time, RT) & d & & ehied Jpik » Flt > 277 -

- % RT 5 4p i e -
223 WEEE B FE R

HHE Y 2 ive® (working memory, WM) 3 B > Frig £~ =
BHEPEE > 7 WM ¢ 5 TemfiE s 2 2aniffes s sdh o 2k
A E B A d AFfeiiimE e & (Baddeley, 1986, 1990;
DeStefano & LeFevre, 2004; Campbell, 2005) - @ ## 7 & ﬁ Baddeley #
I3 &£ 1 iveB& % (multicomponent model of working memory) ¥
HiTwEITEFE3 M %1 iFelRe 777 £ F (central

executive) - 3% 4 i # (phonological loop) > % 4R % p¥ 75 % ™

|~
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(visual-spatial sketchpad) & = % 4~ (Baddeley, 1986, 1990, 2000;
DeStefano & LeFevre, 2004) o @ » & 3 {7 3 kK45 ) 2 g
Bofrd®- RILTAEME  TREF2RY > LA TRy -

A3 5 A RN e D G R AT L AL R 3

Foap A MIFARE 2 7 33 (DeStefano & LeFevre, 2004) < # % 2 >
BEDFEB Il GEFLI M Aeon 1T Fe T HERITEAL

TR f;n]{irf%i,ﬁ-’ﬁi%ﬁ@ﬁ P o FeRitE (Am &
Nilsson, 1995; Briem & Hedman, 1995) - & % HiL x4 w3 (DeWaard,
1996; Wickens and Hollands, 2000).~» #% < & i* ¥ (mental arithmetic

tasks) % 4&72 iv % (reasoning tasks) (McKnight & McKnight, 1993) -

-\\}

SRR T ARG T g B IR S R R 2
(1) A&~ -] (problem-size) = FFEp /& »< i (difficultly effect)
FENGH 2 EIF L ETELF GERF 2 2 mE G M
(LeFevre & Bisanz, 1996) > m % = # (multiple digits) =:& & #-7 1 1%
R ANAL TR > A SHBAE R TR i e 3
(DeStefano & LeFevre, 2004) - &4 % = #3:- 5 (multidigit problems)
AR > FEE mE e B B 70 8 2 (carrying

or borrowing) % 4§ fe:t B AR > Ar00 0 § i E B Bt B AR

19



(Single-digit problems) ‘g & * { % 1 iFeRE 3 EF BREF L2

&5 383 40 £ I % (Asheraft, 1992; Fevre, & Bisanz, 1996; Furst & Hitch,
2000; Seitz & Schumann-Hengsteler, 2000, 2002; Ashcraft & Kirk, 2001;
DeStefa & LeFevre, 2004) -

(2) » frc s (split effect)

21
F

Jo
i

=i

FEGRTIFLY R SR ERPIAEF FE
BT FIEE 0 blde 142 =4 & 1+2 =11 +* $& (Zbrodoff & Logan,
1990)
(3) = =y (associative confusion) st + 3£ > Jix (interference effect)

¥ % PELATA A AT HR KBRS KN 5 R0 i
NAEEF M AR FORFR ¥R B4 7+5=35 & 7x5=12 (LeFevre

& Kulak, 1994; Lemaire, Barrett, Fayol, & Abdi, 1994; Imbo,

Vandierendonck, & Vergauwe, 1999) -
(4) + & oo (odd-even effect)
YRR E (W) LRFEEPREPFTIESSF

% ¥ & #ic (1% #) (Krueger, 1986) -

KU
W

224 R P kB3R iv R

—Ha T FEEFIE TR ABEARE AL & By

# 3 MU e~ > 2% (addition, subtraction, multiplication,

20



anddivision) =3t 5 R 38> @ SHcA TR TR £ T AR BT B
Ton FEF RPER 2 B3R F = #k (Gawron, 2000) 0 H A p A E
FLEETI T JE R MR AT Greenand Flux (1977) >t ¢ 7
R ELE R BHEE 2T R FHReFpd > XL TEF BFR
B e o A& TEE (primary task) 1 i f G e o b Y B
Kramer, Wickens, and Donchin (1983) »t9 % 3 & £ X WHEFLE
EEGER P RF)2 SR (RGP S P R o ] B
U RS SRR R R S AR S S R L R
4% 3% (tracking error) P? Ag 3 4c o
Y %‘?—‘ﬁ Harbluk, Noy,-Trbovich; and Eizenman (2007) **35 % i
SRR R I R A S
BRI GRTEE AL T 2 B iR d oA it E L L2 BRR
S| L BHTE (blde 6+9) FIERIEE (b4 47 +38) 2 23 #H
PFHIE ;AR LARGTE AL E Y L2 FEwE (central or peripheral

areas) ; # w¥rd4] s £ & 7 5 (braking behavior) - ¢ * F# T FE ¥

RS

WA 5 B3 w B E R o RARSET CRFNRTES ML R
AL A FEL RS dﬁ{’ﬁt ARRED P L HRE B A

<,

el R fod L T R K R A o AFHGRERY 7T

-~

o HINTAER RS PR IR DHR RRT L  H
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PEIEESF R RS - 227 JI* 2 kB FEE (SOA) &7 %

SO TER RS ELREEHBEE T LG AERE S v nE
EFEFALY Ao R FENT FREELR R S /20
PTG a3 FAR SR A AGANEY T8 5T R

VAFEROAE > AL A - 2 %R AN ERTESFE Y

Tt R g8 T E a7 PR ERE S B TRR 0 FR
350 TS BE R o
23RMAERFALA 2LETFFHR

AET T RER A IR AT TR RTILH BTR

\
\_
4:
q.
po
TTH
[+
S
fi
‘mk-
Cm\:b
3
B
=1y
iy
7
o
)
&

- EL R N ART AT CREE LS4

OEXE 5
BAFAEEP R R R S0 R 1 (R 0 AR B
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N RB B ZPRE SR (salience) gt o HF AN R
TR ERZ AR FORE  REFL LB Bauf & (edge effoort)
(Wickens, et al., 1997) - iz y5x ¥ BT & 1 £ f* & ¢ (Society of
Automotive Engineers, SAE) & J2395 2 J2400 3% > 5 7 W d @
PETEIRFTAE REEREVRIALN]FE TURTH
7T ETE % > 4p B (safety relevance) ~ & % 3+ 4p B 1% (operational
relevance) £ @ i Bf‘ &2 (timing frame) = B k& =t kzx = F gt

R FARE TR FE G AT R A E AT R

\

B UAERELGERE TR FL LG -

-

() B E=

FIFTEE R AE AL R B R L i -
7 7 % 4 Sanders and McCormick (1987) # % 45 &1 > B L & B4R
Eomfdhjrea FIELES G To)8g A LE% e
P 2 e pE o i * NARE f R E R it % 047 3§ 5 Edworthy and
Stanton’s (1995) # % dp > L E L LA T 1 FH 2R E Mg
hom P ORELR AR T F iﬁWickens, Lee, Liu and Grodon-Becker
(2004) 7= 5 dp o b G BELH A SRR Y BHFORLES
Fl e BT L % > = (omnibearing) it r o N %‘K? MEF]

TR TEL B R A H G B F A IR AR

23


http://tw.dictionary.yahoo.com/search?ei=UTF-8&p=%E5%85%A8%E6%96%B9%E4%BD%8D�

BT~ B4 7 RACER 4 85-900BHLAE ki - 8dp 73 & R AW &
st (startling) ~ 2 FLF|E4R 15 - 3K X SR f2 2 450 (Wickens, et al,
2004) -
(3) M ET

TR 2 A e fRBERT A R 5 3 IR
Tl % (Standers & McCormick, 1998) » H4e % ,Eé—g R E S

R R E -

(&\

T E K —;?é»q* FARY FELED > blded b B LR
s (Rear-end collision avoidance systems, RECASS) ~ & i@ ffifg %
%t (In-Vehicle Collision Avoidance Warning System, IVCAWS) » i¢ * ¥
FPREREERE > WARET AL AEFIRTHEL LA
(intelligent transportation systems, ITS) % & > & p ALF F A 1 2
A EH A FEEFERFARS TR ZARLHAZL T
oo KR ET 258 5 BAaig$ (Belz, Robinson, & Casali,

1999) - ## 3 & 4 Lin, Chen, Huang, Chiu, Ko, Liang, et al. (2008) {1 *

w4 P A m Lk $u(Electroemcephalogram baced Brain computer
Interface system, EEG-based BCI system) % 2 4 w &g s o g 7
B R pERER o B WA FogF 0 1750HZ # T ) PR

BBE URAEREBDGRE T 2
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232853 i

BRESE TR

>
ml4
= »
[aily
N
oy
o4
A
11)

% # (Parasuraman, Hancock, & Olofinboba, 1997; Lee et al., 2002) - #p

B A HIRERBREAER G ok GE TR B

.m‘?

i fEE g 4 (Belz, Robinson, & Casali, 1999; Lee, McGehee,
Brown, & Reyes, 2002) » ¥ ¢t# 3 %ﬁBelz et al. (1999) 2 Graham
(1999) 14! KU ETH NP Bn o i - K22 7 fR

4 PR Ak o

S
e
R
e}
c\' r
N
&J\
*}1‘\
-
TR
|
3
™
o4
s~
3
1-4
s
2|
e
1

s> k@& (caution in front or
back) #pE% ® & o @ 477 & - Graham (1999) ¢ & % #4-3 # >
Fetdh &2 B 0 ERE DG FRET - B R 40
SEE B (auditory icons) > drit B B G 2 ghraLE B 2 FRE

7 > 4o % (ahead) B B p R REL KD F REFTF AT BHEE

CREETVFRET I RFRIEFOLRE CELRTF BRFER
WP FIARABTVFRAERLF IRV aF TR ERF AR



2§ % (lan Noy, 1998) - (5 B % # L BLF & » 0 F B4R $0E
FRFET IR LM FenF e FaDEL SRR E3 5

Moo Blae { BAR Y X

éﬂlum‘,}: o

“.E\

# % % % Gupta, Bisantz, and Singh (2002) » 834 % % % 4+ & 4¢
BF ik o I BTk AR R G o F R £ B

i3

1N

hEERIGEFFE A BEREREE Y R
R A b o EaRATR M (B 2 )~ B E o T 5L (binary on/off and
graded) % #dlie (i3 ELF )T gl FREERTE
AT 22 gradedt ;R v H R RGO (7 0 @ graded B UL

T T T o

FE bk B3 AR BBE T T o m b E T A

‘;\\}

BELCHEAF A W EAN IR Sl BT U] RS A

P

PR GFIARRZEMR o Ra o RO R R J L
PG E LG A s A AR A & B e ERE Y TR
NEA RIS R RO ERE FREFER SRS LR

43 B SRR TAF RPEF R

A
0\,,
-~
T
~=h
-
(=
=
4k
ok
N
N

L WS B v R R R
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FET 28 FE LY TS 1)

< FoE d 2F 54 & < (Neuron) ~ 32 &5 edd i dm e (Ao ik &

(dendrites) -~ ‘w7z £ (cell body) ~ #h % (axon) ~ #h % * =4 (axon terminals)

N

F)REGA S pEA SRR L RERL D pEN g2
HEFH e { BrEargs i omn e K BN R T#G\' m’l%‘r’ﬁj‘”{
Bickp R e oridme s Ld phR8ngh@ey -4 an, 45
i iR e LB %fr&‘»& AT 5 o @ =~ Fo i B (neocortex) i & §
F B AT S A IR o < P A B R4 4F E (frontal lobe )~ 78 ¥ (parietal
lobe ) - # (temporal lobe )~ #§ (occipital lobe ) % = i & ¥ % & >
ok H e E R (Ar 2.2 - 2212 2pam) 0 o R R A AR (T S
BN F RERFEAFRIRIICHFAAS RS RBLA T O EREA S

35 B 4R ¥R % % T+ (Perez Velazquez & Wennberg, 2009) -

MOTOR |sensorY
CORTEX |~ CORTEX

— MgWarmnent — sensations

— EXBCULVE
functions. thinking,
planning, organizing
and problem solving. =
Ematiens and
behavioural cantral,
parsonality

‘- FRONTAL LOBE |

| PARIETAL

> LOBE
perception,

making senge af

the world,

arithmatic |

| spefling

OCCIFITAL

LOBE
wision

TEMPORAL LOBE
-_— I'IEI’I’H’.IF}‘.
undersmnding, language
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£ 21 A 8w X pE S i

E%'E Fe B ¥4 At
E ‘ﬁiiﬁ%ﬁﬁﬁ’w%&%ﬂ%ﬁﬁﬂ‘ﬁﬁﬁf
4 4 (executive function) ~ /28 4 ~ el s HEE T

% 7 M (Chayer & Freedman, 2001) -

HE &3 AR & i $ (Spatial transformations) 2 g F # it 7
i# (Sowell, Thompson, Holmes, Jernigan, & Toga,
1999; Pouget, & Sejnowski, 1997) -

HE  SRENER - F5 ILiERE 2R Moo (Sowell,
Thompson, Holmes, Jernigan, & Toga, 1999; Sternberg,
2003; Squire, Stark, & Clark, 2004; Hallahan et al., 2005)

PE E AT M
(Grill-Spector, Kushnir,:Edelman, Itzchak, & Malach ,1998;
Carter, 2002) -

242 *ag W

G R A S mie 2 T R G AR FH A DTS
SR BRI T RS BRI 0 AT L T R 0 1929
# o 44 FPR £ (Jena) it 4¢ 3 #7Hans Berger# % - B YA SE ey
BB T e 0 T & 4% "o w Bl(Electroencephalogram, EEG) » #2

THERG L BHEACETER > e8I - fFrut ol 7 &
BRI G o A BB P RA T K AL 5 E B T i (Action Potential)
IR AR G4 4 TR AR MRS B R R s

SR RI UGB PRI E AR A BT AR e A


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grill-Spector%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kushnir%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Edelman%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Itzchak%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Malach%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�

F = i) RH oA G AGEY R e i TS TS

@LLL, L&, @i lﬁjﬁig, 2 4n Be BE-

B T E T MBI T A BT 2 e A A Rmie it g 4 e
EATA B 'F:]zﬂ‘\f’! mre SR g E oo f‘_@}g’ﬁﬁﬁﬂx%%&ﬁﬁ

(Falkenstein, 1991; Makeig et al., 1993-2002; Klopp et al., 2000) > # 3 %

)

T L% B A EEG SUBLANE R 1T F L AT R S A R 0 5
BIHEERTD AL HRENELFETERA I FNT R

FIGEFTA TS ©
243 "k SRR IR K

1IREEGT & 4f 5 % 4mi§ A 5 Deltajk #% # (5 » 4Hzr2 ™) ~ Theta
AT F (0 > 4~8Hz) ~ Alpha;d 4 F (o> 8~13Hz) - Betajd #g 4 (B> + **
13Hz) F44a4F F 1 (Fisch, 1991; % ¥ & ,2010) » H P 4o
(1) Deltajd #g ¥ (6 » 4Hz12 )

S AURPETS ~iFR R BFNR > 7 F URA DR B RS

SRR D eV ABN TRRBE S TS B2 R B kR
2R Eeng de o

(2) Thetai 47 % (6 » 4~8Hz)

A pERSEC € NI MR R0 o U BB TR A 5
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FHEF el R R I ME SRR DL M

(3) Alpha;s #2 # (o » 8~13Hz)

o

SN LA S R R EL AR Lo

4
4

F A IR v T AR FEL R G LB
RN SN RS SN R

(4) Betaj #z # (B » = *+13Hz)

-

Biﬁiiﬁ:g\;ABlEEzp?,%?—kﬁgﬁifﬁ'? NI § PR PP

o]

WA LINE DI TR A PR R 2V R G E M
R TRABE G | Y B G MR 3 T

R R AT M
244 % B E R

- BFIERFELRE R L2 MAR AR T TH

(electrocardiograph, ECG) ~ EOG# EEG - @ « # & (Heart Rate)fr.

% B (Heart Rate Variability, HRV) &_k p w T Bl 5> % % X B
oI fed RIE RS Flyt > ECCH» Rl K & § BRILL 2 Lk

iR dath o F AR E M ] R P EOGH LS 8 B2 4 B L1tk
o Bl E % 4 EOF MR F R =T BT ' @ "F < (Van-Orden, Jung, &
Makeig, 2000) - 2@ » EOGIn ¥4 $747# * PFRFAL % (time window)

% K240 EPER R 0 MINARL T BT TERFELR
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TAE kAL e TP > EEGMELY MR X TIApFFALE 2 T4
“ros o EEGH L B P W i Rl & ¥ 1k 03 2 (Chen,
2009) > Schier(2000)** & 2 F B4 7 B B (T £ (3 w45 ~ W 24
% e ¥ d]) 0 VEEGHM#TE B #a2(P3, P4, F3, FA) £ 413 2 "5t %
L P AR AR LR TEEELER(FE > a(Alpha)it

TRFORL DRI NRIAFRITEY > @ * EEGE P 2 A 4F

WA 4@ g amyag - B l,?c?ﬁ PR X A RTULR
4 (divided attention) % &+ > fidg ~ 4TL R 4 B EA B A Bt
TR GlAeiR R o B 0 Ak fogE ¢ 1k o ik Madden, Turkington,

Provenzale, Hawk, Hoffman, and Coleman (1997)%= 3 #4 {7 # §T/L R #

p((t -
"W PR

TREARZATETSwER > FREFET YR

2 ’

Tl

@t =g,

¥
(occipitoparietal) 2 # #f ¥ *& % (prefrontal regions)z_ *s 7 % % &

F

. = (Regional cerebral blood flow, rCBF) 3 7 it 3 % - Koechlin, Basso,
Pietrini, Panzer, and Grafman (1999) * # i [+ & & 8 (functional
magnetic resonance imaging; fMRI)FiriE * 203 7 g &£ (T L GRE 11
FO)T S B BT AT R F IR A (8 Rl FEE A F (dorsolateral

na

prefrontal cortex)* % ¥ il A & (lateral parietal cortex) & i R % o
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Ap % 1 #7 3 > Deiber, Missonnier, Bertrand, Gold, Fazio-Costa, Ibafiez, et
al. (2007) # * EEGH i #E B2 i FM G Ay 8580
BOSAF R E R Ao pF > A gRE PG W 2 04F ¥ (theta band) it £ 3 4c o iz Lin
(2008)F= 7 47 1 » 1 * EEGH RS * 5t 4 (7 (& (v £ 7 2 § 8 5
BEFE I 2 e R -
246 B3 v AL 2 EAR

AT dp g AR R Y BT A R E R R R
Bl o B A IR A A B B E B A T T S IR E R

BLE Tl (8-12 Hz) 2 0 (4-7 Hz)ehi £ 37

3 3 4c48% (Schier, 2000;

Lin, Wu, Jung, Liang, and Huang, 2005; Lin, Pal, Chuang, Jung, Ko, and
Liang, 2008; Horne & Baulk, 2004; Reyner & Horn, 2000; Lal &

Craig,2002) - ¢+ *t » Marlcand (1990)F 3 7 4p 41§ % etk % % L &

PR GRE TV ERD A T 220 4 0 2 B(Beta)id B0 IR
oo tpat 2tk R IERHCRT T LRI A B0 ade 5 R 1

10 e eig 5 (Chen, 2009) o &% 3@ RUF PR B 317 RALAR § PR &
BT HE S E i B A AR H 4 0 A aik i £ (alpha
power)3§ 4v F|— TerfR B {8 BAF B R OKEZ MR D o gt b § R R
FHCF A PR AT E RARR Rk G 0 R ERE ORI E

(theta power) & 35 ¥ 33 ¥£.3% I % (Jeng, 2007) -
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F2R RELERTERFL /TR

10

AFESHFAL AN FEFETERE A SISH L FAY
A AL RRITBRFIZ " 2wk (car deviation) | & T
3+ ¥ (answering math equations) ;> # % # I P EE(SOA)esg iv » i@
FREOLLF BFEAZ T FOFIERE 5 R E 6 57 b FlEpe
B % F RIS HT 3 424 (wheel steering control) £ T
A f 47 (mental workload) | #- Fl:c % B BEE R F A Sl HF

BORARRE o RAv b i AT 277 A e T Bl AT

REER  RERBE S qpen

7% Fl&
‘:‘I‘-gﬁ:‘# = g 5 )
<§w%ﬁf*'1F > o ——
> ERH Ao
- P EE: SR AR
== l ) 23 4 P
(g w5 | BT

W 3.1 B 3§ - 2 BREEN

BT BRI G o BN 2 WP §RPE R
KT 580 L5 RIFH BB EY A7 b PFIEY O ERE A
PR A RRBR G L FEERERY AR AR

AREPE B RSB AR TEFF RO A FEBEAEE T

™

BE-BrE2 k. A PEALY » A FERLLARITE
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(primary task ) ¥_2 (7 & % > % % 3 (Huang, Jung, & Makeig, 2007;
Lin., etal., 2008 ) -

AETHEETE  Ce o BIFAL PROBEEFEIRLFEF
i 42 < -]- (problem-size) (LeFevre & Bisanz, 1996) - 4~ f7»c /& (split

effect) (Zbrodoff & Logan, 1990) ~ = & /% 3t 2= & (associative confusion)
(Le Fevre & Kulak, 1994; Lemaire, Barrett, Fayol, & Abdi, 1994; Imbo,
etal.,1999) %2 & i H»c/R (odd-even effect) (Krueger, 1986) % *]% 2°
Fo RV ELTRD REELFRE AL RN T AP ER
BEFAZ R0 2R RE S RFELE R TEH
TR Mo AEEITESAY Y B IEEK 5 0 & (F¥ (secondary
task ) o

Rk ol R g L N Sl W1 L S ol 12 F il
Mg WFER A AR F R L FlEpR En R ER 5447
AR and 108 f 7 o 2 P gt B e g ¢4
ARF RS RARR AT T e § TE GAFReR o AR T
BRAE T RS gnuiof 7 (Campbell, 1988) « > #cF B 3 0 A&

FRABBFRMEFARS b §RPERY i 4 o iea

AR K g PR B o
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31 A% 2

311 % iE‘J‘F{

25 A BB G AT PIE SRR K KRFH T A 262 R
(L 29) 571 F IR RER 2NN LFFHTRDE
Bt FE R RE I A freanE 2 o 4G LR E AT E R

Y j- &t hBdggn & RFELRERS T F A EHD

5

BEYE oA AEAE Ao o R 2 LT IR SRk
%\w? j‘pig j\A/PJ %&3%5"‘%Eﬁ“ﬁl-&/bi 7‘IE"PF~3"%‘
SR AERTS RIP R QUSiNE 52 2 S LA L X S

Mo JFAEE A A

Rie

o FEz G R &y * NTH00 ~ -
312 RHKHA

T 3K = 3§ (virtual reality based driving environment) sz
HEE* Sense8 2 & 74 B 2 Jor B WTK (World ToolKit Release 7)
o d o BRI E.ZEEERE G T o 2 3T
AR REY G @68 K hE RS T L R o L
BREIRERT 2 ERAED w2 i (Linetal, 2005) -

3D X MBEFH TSR > AFHRFEY T LR it

T e tpposta - B 3D 2 MRMERFELZRE - ¢ FL &SR F
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Ble 4% P 7= o Gh s+t hksieps 3D FHHEF T2

3D = AMHR o LTI SRPBAURDS LD LT 2t e

i
9
F_k
e

i
9
he
éu\m

1«

=

N2
[pal
J\«

5

.
NG

r

Pt
-.t-\r-

s
o3
)
=1
&
4y
¥
K
oy
X
fae

HEAEE - SR eEed 0 TR B R W B BINAS LS
BP oo AL EFEERT L TP RF RS S R T AL
BoaREFRY TR FERELFNDFR > L R HRPESHD
3D = MBERBTF > 4B 3.2 47T o
BEFBEERFF P ATI041 202 5 2281 2 n ¥ K o
YEIRRA2 R4 s 35044 A AT B EREF R A 5
508 AR 4BF K- BT 60F o FfRR A B2 = o
EREGR LD FERAFZ D5 (J 2Rk ) hd wght o 2
fepF iR AdF B 100km/hr o B s pE > £ R 5 3 10 )RS D 5 5 -

Tz e R LR RIY AL TR CILIER o

€) (b)
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(d)

W32 EHEFBRERFL-QD =ML ERT Sk 5 () = Wb G T 5. (C)
BAEET R ) #HEA THcE ERS S .

313 =K

3131 p %k

7 I pEEE (SOA) @ —400ms (BeE BV L m > B ik (s
R)~0ms (HFF e D e HRRAR) - 2 400ms (2 iRk L
M EEFEN AR
3.13.2 x %

BEFE S AT N2 E A G AN LR T ESFFE-
(Task 1, car deviation ) » 1 & Hedy2 5 2 fm# 2 B 5> X3 F & E
T e B F ORI EE I Y 3 B o iTE e 7B IFR N
(psychomotor skills) - =t & & ¥ & # ¥ ¥ = (Task 2, answering math
equations) > P #EE L E & I AFRRCATER 0 TR A1 (TR
?od T LB AR o
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REPEE DG ocr A1 0Ef FRAE

3 BN Ec AW G
(1) 2ERFHEEIHEBHBRLLI LZFES »F L PR
1k & P R (Huang, Jung, & Makeig, 2007)

2) 1 cf it b ieE:

w@&%v ﬁ\;f@gﬁ}ﬁ*}. w@ﬁ'(
5 2% e0=t #ic(Lysaght, Hill, Dick, Plamondon, Linton, Wierwille

etal.,, 1989; Wu & Liu, 2007, % = i3, 2003)

314 R=ARR

T KA

-\’”15

AAAAA

3141 F3a F B2 R B

AR TR RX P B RAE L

FRBRERE ERE TR

LR AN
A\!é‘ gﬂf"'

FITE(D dRih A 2 HE U
FEMEAR LR o '

FEPE o Pl w dg
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Rl4e2 o i pddede o R R 0 RIS R8s g0 8

ﬁ’;c:}j%;’/t 2PN A S

7

BRBRKITE 4 PFE (session) > @ & - PRI T 22 ®H
(block) » = - % 8.# 2 7 5 B}k & (conditions) > » %] 7 3 BEL T
LB mARASE - TE2 IREREFEE - (vE45e s (0B 33
T ) Bl 33 TR BT R S ; 2 FIE G KA F 4 (deviation
onset) ; Z.ww > A5 5 & B H 4> (response onset) ;s Z <« Rl 5~ BE &
(deviation offset); & P& & (Response time, RT) Z_& 5 h# B 40345
Gl E RRaER YT M AAEENNR DR A D RES -
i 5 Wbk B enfligepn s st AT ey o & - pEER T 110 W )
#c (1 session x 22 block x 5 conditions)e @ §j# [§ 5 % 10 §) % st p
# 1) T (4o ) 3.4) -

LEEFHPLEARY 0 B A F - FRFET] 154
40 F - PR ERLL b4 o AR R

7978531 100 4 452 F o
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1 16=31
| 4010 ns
anaf) =MD||15+16=31 sk} == |15+ 16=31 =D
4 40?] ms | - ] | Jr‘ | ] |
et 15+1@
| I | I I
I I | I |
I I | | |
| —400 ms SOA | | 0ms SOA | | 400 ms SOA | | Single equation task | | Single deviation task |
W33 RARELITEZ B v%£7 L H - (@) —400ms SOA (#c8 4 £ I » & 4%

A fs 1) (b) Oms SOA (%
(2 fmim# L HF W)
13- S ﬁiﬁilﬁbﬁ; °

FladiRiHsS e 'I;L)‘(c)400msSOA
(d) - e 55 HF30 5 (e) H-

(15 minutes)

(15 minutes)

(15 minutes)

(15 minutes)

1st Session

5 min
—.-

2nd Session|

5 min
—

3rd Session

5 min
.

4th Session

5 Cases randomly appeared

Inter-Session
Interval

Block 22

Inter-Session

Interval

ol
Lt ]

Inter—TrIaI Interval

(]

W 34 R%EET LW
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3.1.4.2 "ok | T AR

h/ﬁ»/?] T'&% i%?'é

FlP AMEA AR §H B TRF LT EEGRYLE X
I+ s RHFEIBTadiet §ARE RERH AR RT
WE BT o RARRETHRDIE 0 R IR R T HRE f
2 AR e AT 2 AT REEREY TRE10-20 B E
(international 10-20 system) | %% (4-®3.5 (@)#77r) > % F BLE T &
T ALRESYEE A b G IR (P w B ) (oI35 (0)#7m ) e ks 2 gk e

e

L A LN AR ARG R BRI E S E C CR

()

L P L TR (central) ~ TR A g E % F (temporal) P A TEE G T
(parietal) 2 O # % L E *5 % (occipital) o 122 6+ - — JELE T B0
Tty P A TR BE &L T 2 FEdy(impedance) 0 i@ FEF AT 1I0KQ o
(2) 3D# = z_i> % sv (3D digitizer system)

3D #cix % > % (3D digitizer system)it {7 & &3 g (channel) =_

o F - g TR

o

SRR L o FRIE 0 L h 3D
PR RT AMBE ERE ATERE MG 9Oz~ T3 e T4 1 i 2
T R A A T RSB F - 2 s 3D

Ao R 36) 0 A L2 (8 0 TR A T ILE LA F o 3D iz
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TF P g Fk ks 4T EEG M BRI ¥ chikdy o

(a) (b)

Wertex

-

Preauricular
point

B 35 AT TR @) K% 1020 & L35 (b) =275 £ %4 T iy o

® 3.63D #i 2 > 1T7 LW

42



2. EEG3u 5552 (Lin, et al., 2007, 2008)
ARk Rl AR T2 80T ko BF - @ P EEGR
BRI AE 0 B F - 9 BIEAR (A BI3.7HTT ) o

32-ch
EEG

Signal (ICA) (ERSP)

Extract Independent Component Time IResuIt
=*|Preprocess[® Epochs [*| Component ¥ lusteri | Frequency [
" (-1 ~ 5 sec) Analysis ] clustering Analysis

]

]

]

]
I
|
1
1. Bandpass filter: 0.5~50 Hz Reject artifact component
2. Sampling rate: 250 Hz 1. eye-movement (EOG)

3. Artifacts removal 2. heat-beating (EKG)
3. muscle-movement (EMG)

W 3.7 EEG B e

(1) # 32 (preprocess)
A. gL (filter Band)
A ik i g5 B R.055]50Hz > & @& * notch filter if 4% {2 cif
Ja60Hz st g (22 73U 5) -
B. #g b 3 #ic > 1 LB~ 4% & (sampling rate)
155 Nyquist EEP S > @ F 1 5 FELY B F A S 0

B AFFEy F01250 Hz 5 B~4Rdp

[e]

3

C. sz 3 % (artifacts removal)

JERE S B R B S BT 60HZE B ¥ e
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(2) "k FAL>» B (epoch)
50 HE7 e acase ik T T AEE R U-1-5 Fidtr L
Bz kg mrgl A ke ) 8 EEG MR AME LT =

(event-related potentials, ERPS)+ & 8] » 4=/ 3.8 #7177 o

F |
Epoch 1 Epoch 2 Epoch 3
I‘_A_‘I - n la !
) PP e LSIPSERPR —  — — CE T -
S e s
=
e } .
= Cass 1 Caza|? Case
e e TR e e ”
|— I'ME
Evwent Unset

Eesponse Time

Ii
Epach 1
Epach 2
Epach 3
HANMEL

Epach |
Fpoch 2

[ Epoch 7 |

 ——

Case 1 ERPy

W 3.8 %t T &7 LW

(3) = & 2% & +7(Independent Component Analysis, ICA)
F 2 EEGRELT it 24 3 Pk Reruin & 5 #02 » EEGRUSLA
FICAR B2 » T FEEG feitcht 4 » v0a dr 3 ik b 2 d
SR (A-B3.9@) 7o) RN E R G ) B F A T
(Makeig, Bell, Jung, & Sejnowski, 1996; Jung, et al. 1998-2001; Lin, et
al., 2008-2009) » & 12 ph £ & = # 4 3 (Fast Fourier Transform; FFT)
dv o Rl S B g G Pk IR T AR 3E (EEG spectrum) o 427 sk o g A
Pt ¥ (eye-movement, EOG) - = g*(heat-beating , EKG) 2 »+p # &
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(muscle-movement, EMG) ﬁ%"f B8 0 €424 30 componentsg 3k R (4

F13.9(b)#7 ) o

(b)

. 008806
gl 80060
D) e 606606
e T 0086000

g T © 0O

W39 BB EFAHF T LW - (a) 4~ 8B H2 gk (b) 30cpmponentsg
R e

(4) & % ¥ & (Component clustering)

& ATy Péi‘ CICA 74 fZ2z 32 % & % (component) iz & % &
RKop TR TG X @ B2 Wl (scalp maps) £ i 8¢ i £ AR ¥
(activation power spectra) - i 4 & % ¥ & #Ac g d ¥ R BB 2 7
B 47 2 (activity spectrum)m f& 18 5 A 473 (' > #irg & ;éﬂf‘f L el
component 8 & A& — 42> ¥ @ * pEHEHE S 2 (Kmean) » & 11 & ¥

# (component clusters)®] » ™ Figfa > EH S & FFE(AcBl 3.10 o7

) e
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Subject 1 Subject 2 Subject 3

TITISY S3ssel ssss 2

000060 E) i i

. . @ @ @ @ / ; : : g
@ . @ @ 0 @ Clustering Methods, Kmean

@ O O O @ a w1 @) @ €© €-0@]

© O @ Q@O a i w2 @ B @ ®-O0@| 3

Clusteri’a‘: ‘ ‘ ‘ li) Q: %

Components from 1 subject .

(lusLer4. . ‘- ' $0|

W 3.10 Q%"-‘%T LW

(5) ¥ * 4p B 4 33 ¥ (Event Related Spectral Perturbation, ERSP)
ERSP - o pF R ( B 4R) % AF 5 (R AR) i = 2 s £ R 1 153 -
ERSP#* (B E®AF 284 nidd BARHR A F5d pt
BEAGAET PR IR L R By R AREAR o AP
¥ > jp B E 2§ = (event-related potentials, ERPs) & sc A pF & (5 &
)b oo oo ER R e o AT B RELSE 3R
% (3-windows)# & T 32> 1S RERGE A > AR E L R I|E BE
2B ez, A %A (baseline) o #7r4 » jE g 4 (stimulus onsets) dB
A EARGE S B3 AR A2 dBF IR S B RR S AT
28 F PERSPR Mz # 1V 52T ki i p 24 4 F7(bootstrap
analysis) (% ¥ -k % 0.01 ¢ 0.03 & 0.05 % 348 > UL 47E * >

AR YRt a=005) &7 F N3k T L Rk 8E(p<0.05)pF » 4E 3
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¢ GERSPR g m o @ i E Ik L B -k (p>0.05)pF » P pF ¥ &2

HE S B AR N & B2 dBF R 0 R0 R B o S R 0T
iZ i # ¥ (perturbations) s73if 32* 5§ 17 v kg = NP S

o (4@ 3.1 #r7)

256 |
pumts Event
EEG |J I JJ " 11 b I f r '|I
Ié”\ | i,‘ 1‘“PI1I’I A ;n'f"ﬁrrp. 'l'r"' “ul i) \r"“# N f\,hw
I |
i
FFT
Baseline Mean o A M
~ A
Subtract baseline from all spectral
Remove ¥ £+ % % &
Baseline = & & & £ 5 3 & e
| S — K
1 e p——
ERSP i e H ;
] 1 l |
Image ' g : I
! 1 i ! 5

ERSP Image 7—_ i -— .!
R — ]

* — 1 B
Significance : E E E

level ' ' ' I

W31l £ wmrﬁgfn(ERsp)ﬁﬁ 1]

315 B A BRI R T

AFE G PEEC (session) WO dcdR Y o LR Kﬁ—:i X
FRFERR Y o —ifﬂ#-%ﬂ = T3Esep 3 BREL
(mean £ 3 standard deviation ) » 2 “fﬁl ¥ OE X 5 T3 RSk d(trials)h
1.62% - #X 15 7.5 4k i (conditions) LB~y 0 @ 5k ik :F Sk #icp

E >

T

1S L g g(;}f; L& HFF L4 S L IR T

N
N

—\
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(repeated measures ANOVA) » & (7B & F 223 B8 - 18 (T £ ehk
R A 4T o

EN Mfz;ﬁﬁ B LR M BEFEIY & (normalized)
10 SR T EASE Y

RT..

NV, =———, wherei=1,2,3,4,5
, RTsingle
NV,
NV, = ’

number of trials

He RTtl ﬂ’\‘i’ [had i? 'F:jz i%‘ﬁ T/F;% 3 Tﬁ}#’l\;,@}; XI:&FE*:FS& iz RTsingIe"?\'ﬁ?
X bl - v E (single-task)k G o T IO B A NVAY

ig v T3k e #cie (normalized mean response score) » H — 1T & e

&

¥R TR s B B0 (N2 1) > 215 & H 25 (s 4 o

3y

L it E (4B 312 fror) 0 £ 1 * & * #icFriedman ANOVA# <

S

¥

(Sweney, et al.,2001) » & & * Dunnett T3 test:& {7 ¥ {s Tk 7 f3 5 -
AR 2 SRR o

1% + = 4 %_(chi-square test) 3t = ;2 f %5 — R fi ¥ B8 3
PR ¥ A AR A e 0 E Y 0 ¥ Kk B (significant

Ievel)*‘;jfs . p<0.01-
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Case Single task

Block 1 @: Y ‘@@ ) B D6 Te T

o A
+ + + +
(F P P P Py i
Session 1 Block 2 @@L J@ﬂ -5 Ge Do Ze Lo
i ; ' i | H :
. ’ 1 [ ] [ ] ] I M
Subject 1 Block 22 [3 |4 |12 ]5] @) Be Do Ze Te
. 1 1 1 ] 1 1
! . oo
Session 4 o Va ViV Ve )
o | e (0 %6 De B4 Be
+ . 1
? Average
[ J
+
Subject 25
W 312 ¥ ipiv-Ti5F BAEKET R R
32 AH% L%
321 B- fe¥

A & (% ¥ (Taskl)z H = 7 &L 5L (single-task condition) T 5
F P e 656.2ms £ o =t & (¥ ¥ (Task2) 2z ¥ — vk fi T5F

PR E 1700.9ms B o 3R £ 3.1 1T o
322 BETEF R 2 1 AR

Bir¥ - (Task 1) w5 A £4F £ % £ &4~ 47 (repeated
measures ANOVA) - i 4§k fi eI 3oF @R Eai B > 54 4%
SEFR AR DT IIF BERTEy EFMHL R (F3,2186 = 75.64,
p < 001) (4% 3.2 #F51) e *2FT 7 &— H L § & - fitk B (Pairwise

Comparisons test)ie 7 £t 2> BT 2 & Bk R H A /A



AR o BRI ¥ —400ms SOA M fi T R fupE R i (627.9ms) -

% 31Task1 %2 Task2 ¥ R0 s £ L 4 K4

Types Mean  SD AR
(%)
Responding car deviation
Dual-task condition
=400 ms SOA (math first then deviation onset) 627.9 108.0 —
0 ms SOA (math and deviation occurred
simultaneously) 0305 153 B
400 ms SOA(deviation onset first then math) 648.0 114.1 —
Single-task condition
Only car deviation 656.2 130.5 —
Answering math equations
Dual-task condition
=400 ms SOA (math first then deviation onset) 19722 6739 946

0 ms SOA (math and deviation occurred
simultaneously)

400 ms SOA(deviation onset first then math) 18524 592.0 939

19435 6334 941

Single-task condition

Only math equations 1700.9 4685 946

Note. Mean = '35 (milliseconds), SD = ## X AR (accuracy rate) = i fx ¥

Girdk = (Task 2) feim - 5 A0t E 47 £ 4% R diem 17 (repeated
measures ANOVA) » 1t i 4 ik i snT 398 eps FF g £ > (g o 47
BEFRAGREDT R PR EG HFLLE (Faze = 257.63,

P<00L) (e 33 7)) AT E-H 15 E L RIBRHLEFT K
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o BT R E Bk A

[SH B AR - FoRGSHFR - F

H - ¥ % (single-task)# it T 32k B PR & (1700.9ms) » v H

=

NS

F ook i HE P R

oAk EOE LT EFEAL

F e Tk REFF E SRR K (de@ 3.13(b)# 17 ) °

3 f

PREFBE 94% 5 K+ AR

% 32Task1l &7  PFEE(SOA)M & ™ B F BPF R chfis 38

2 (¥*(3)=1.837,p>0.01)

source SS df MS F P
% e pF EE(SOA) 998661 3 360865  75.64 0.00 *
Task 1 85 #ic 28862904 6050 4771
7 91435598 - 2186 41828
Total 121297162 8238
* Significant at the 0.01 level.
% 33Task2 t% F EFEE(SOANK i T $5 P I chls 4%
Source SS df MS F p
% e pF EE(SOA) 97777899 3 33571618 257.63 0.00 *
Task 2 385 #ic 829653990 6367 130310
7 2286118285 2186 1045800
Total 3213550174 8556

* Significant at the 0.01 level.
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Mean Response Time (msec)

(b)

T * 1
T * 1
r * 1
800 2000- —_— %
T * 1 —
750 *  — § 1750
* £
—k— -
700 g 1500
=
b
650— —— g 1250
[=X
§ 2
600 \ & 1000
c
©
['+]
550 = 750
500 : ' 500 . .
—400 ms 0ms 400 ms Single deviation _ . .
SOA SOA  SOA task 400 ms g s 40 ms Single equation

M 3.13 Task 1 and Task 2 X 35F B B

323 ¥R TioF BA B

¥ - (Task 1) %> 5 £ Friedman ANOVAtest # < 4 &
R ePF LT T 0R A L B E S R R R 4 fE Rk e
it TEE ErfcEy BFEHLLRE(QP <001 #m7 - H
Dunnett T3test:& i E fste T_> 517 22 B R R 2 /e df 7
fR o %A 0 3t—400ms SOA AL ¥ AL TioF A Beim i B @

3 LB E K(4rB 3.14(Q) 7)) T2 0 b AFHE P T o Task 1

FREFET S RFF2ACRE
fied = (Task 2 » 5 20t 3540 & % B HcA 17 )3 (Friedman

ANOVA test)tk %4 #% fi chk fi (* T30F BA fciEng & » 544
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—~
QD
=

Normalized Mean Response Score

FEFR 4 BREDT R TEF RLAkE EFELE( <
0.01) » & #7§ i~ % 12 Dunnett T3test i (7 % St %> 120 fa &
AEEHI S CH FARR 0 % R o 2T H - 1% ¥ (single-task)
B F it Tk rfEry B e 3 AR EEmy it TEor ek
BB & (4ol 3.14(h) T ) o [T 2 0 AT HRKTT o Task2 §

AP TBRE T AP ERERRT o FHRFFEITEZ 20T

R

()

— — I * 1
1.20 0 1.20 r % 1 .
8 —_ K p— —
I * 1 U) i
- b
1.10 T 1 2 1.10
o
K — o
@
@
o
1.00— 5 1.00—
N ]
\\ 2
-]
8
0.90- \ = 0.90—
E
=]
=
0.80 7 T \ 0.80 ‘ ! >
—400 ms 0ms 400 ms Single deviation —400 ms 0ms 400 ms Single equation
SOA SOA SOA task SOA SOA SOA task

W 3.14Task 1 2 Task2 ¥ f§ it T35F B4 BH
3.3 %i_ F#T 2 ﬂ‘“ > AH%TL
AET 2R B ITE > & Motor * % 2. ERSP it £ % it I - RiE
I % (Chen,2008) » ® & ¥ it * T3oF pAr#ic s @ B d (T¥Y 2

€ Fls =k FEEFFEAXFE o MG XA T AE 2



Pate lL BT S R 7 % Task 1 P » A& iifjku Task 2 5 3-8
2 e

KB 31590 > AT TR T 2 #cF ~F JREEGHEL 04+ (5~7.8
Hz) % B # (12.2~17 H)* EE S F® i £~ L BF 8 7 5w F i
B2 F RER S EARS - R doH - (FEF AL THE R A AR
(NV=1)>m acasel (-400ms SOAM it ) ¥ it i* T35k A Bk B
(NV=115)c 455 Al E T ERmT > w E R E TE2 i
G e s BTEERRZOOAEF N EH A0 B - RiEhS R AR
(Sarnthein, Petsche, Rappelsberger, Shaw, & Stein, 1998; Onton,

Delorme & Makeig, 2005) (4=l 3.15(b).} B®]) - @ &= 2t ¥& pF [ (Latency)
FILTEARE 2 F o B (2 (2Bl 3.15(h) T B]) o i if E e E 2 0 AE
fc B vcasel B - 1FEF o ATy 2 AP (Latency) T & ¢ HcE

BNNRMIPE RO S L R ELE B2 FPopE R o B 15 (1) AR E
%% 2 ERSP v f§ Atk 5 PR b > SR G S o F A B H 4o B

ERP RIREFES o F 2R R 15 (D) Bl 5 FEE w2 04 F A

I

W RS 4 ARG AR & E(OB)E - W 15 (b)T W

’,\i

RS R2ZOEF 2 u BpFR (Latency) S B > B I PFR o
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[]
20 i amr] b 6 —
. ) 104 — “='| ‘—f, o i- \
u\w H ' = T Ll s
30 : a 3
20 : Case 2 g 2
Math | ; =
appeared i = :
1 1 =
:--R- ------------ . i i ._53303 1400 —
: Response : i i P -
| eenonee = e T
- 1 L © ’
: . : = sook ~
: equations : s = 29T | e
Fasssmssssmumsns ] 2
. — M 5 aoof
Deviation _'; 2001
appeared —— =P s
. Case 5
\ 0 [\ case1 Case 2 |||\ Case 3 Case 4
: Response ! =® l:“ L Sl -
: : 0 ——————r— - - ikl | i
T car 4 0 000 2000 3000 4000 0 5~7.8 Hz
. Time (ms)

! deviation ! eeecececea!

fsesmsssssnnnnnnna"

W 315 FLEETHEF R 2 9B L R F - (@) $FESF2 ERSP; (b) B
AEEERRL ORI R ERR TRAGFESRL O Y 2w lpr
7 (Latency) % * B - (N=15)

34 BEitw

-

ERNE R LS AL Rt s S SRS S F AR

ST BB TE G MIGF L 0 L1 WP G ARG Y

Rl

SForg HBELBUE - FEREZELITE -400ms~ 0ms ~ +400ms
% 348 SOA k fx 3 p o
341 H- iTERE

AP R o5 7w »Task2 2 ¢ * 3f Task 1 eh@ & 3§ 2x 0 F]
LB v¥(Task 1) 6 > 4|8 - (v% (single-task) eh¥ i i+

TioF A e NV=1(RT1=656.2ms) * H & 3f@Ed it ixv

5

W

e

3T

puui

IS SRR ERTEEE S DN S TR
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(Baldwin & Schieber, 1995; Har et al., 2007) - ¥ & & F1E_ (1) #&5 3+
BEVE G RGP IZRE (cue) s o F EEF N AR R
FAN RIS RERG BRI S v EF en H - (FEE
THBD R L B P E N LR o (2 BERET 5 RE R
"ﬁ‘}iﬁlﬂ‘ LHEe o pdE- vETH x;ﬁ%# FEOCELR T RS
TR ¥k REFE

BHEFETE (Task 2) ¢ A2 B eIy f j7 o Fl5 & Task 2
Z_yed)eH - 1% (single-task) e 35F o #iE NV = 1 (RT2 =
17009ms) - H i 3fEHE FTLET A ERR K B LSV iR T
RHE I Eoy AREHEFRPMG A Y AN EREET R
g g 4 e B oen#t i (Baddeldy, 1996, 2000; DeStefano & LeFevre,
2004) > ST T HEE R FE > E R AR FHE AL A FTAL
BoRSHE FREEFEN A 2 FRERPEE - ¥ ICEEG

BRRERET WL BEERL 0 RV R A

AE AR T LR % Task1 e Task2 ¢ 8 ¥ 7 il

PRER?EAELRRER LFHNE Task 12 Task 255 0 ¢
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B¥ A AR FRMITEFRESRP kP Wester et al. (2008)
#2 Task 1 e fic AT S > BERFEU AP B0 R F BHRAe
H ke i fKk = (Horrey & Wickens, 2006) - @ Task 2 3t s 2L A 7
BEARLATIT R B FeiR g Mo ble X EE R F R R e
P FRE R PR OB E FE B (Rasmussen, 1987; Ashcraft, 1992;
Campbell, 1995; First & Hitch, 2000; Sertz & Schumann-Henasteler,
2000, 2002; DeStefano & LeFevre, 2004; Wester, et al., 2008) - j&_EEG
P % &% B> Task 1t Motor *5 % 3 & i* % > Task 2 »% Frontal
Mo % 7 % 1 IR % (Lin, 2008) -
AOLEE EET Ikl ST S8 LAHR S EA SR
¥ o~ 5 F kA fe ~ Rasmussen’s SRK2 £ #n < ji; (overlap effects)

(Navon & Miller, 2002; Ruthruff et al., 2003; Tombu & Jolicoeur, 2003)

B WP EE TEN A B EIENIR S LA %R
3.4.2.1-400ms SOA j i (Task2  Task 1% 400ms #3.)

£-400ms SOA j# fi ™ » % 3% A% FURE Tk (l g 3 8 5)
s fj‘uﬁ'? WERIE VAL R B drg A B o gt pF
PR A RERLEE LR PR R PSS NG
RPRTFRIL FHER AL AL R HREFER LFEE 00T § 1
R Bz p #1v (automatic) -iE & & Task 1o G4 » A—400ms SOA
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s o Task 1l F EpFREF 323 W4 (NV<1)> Task 2 % ¢ & Jg5g s fis
FENV > pt-Rhs HEIFT ¢ & & Pashler (1994) £ Navon
and Miller (2002) #7# 12 % 4pef Ji o ¥ ¢F > 338 B {530 s
AARE S s G Y L REFMPERY  FERL TSI R L
L # F & (Logie et al., 1994; Lemaire et al., 1996; Rammelaere et al.,

1999, 2001; Furst & Hitch, 2000; Seitz & Schumann-Hengsteler, 2000,

2002; Deschuyteneer & Vandierendonck, 2005) » 3 5 Task 2 A
—400ms SOA e ek Rk (NV & 3) -

Ko B AR EE o -400ms SOA ki v Task 2 79 § 4
o dok REFFRE - B 10T RG> 7 £ Task2 2riz 5 B
T Task 1> @ i & X A S AP HEIT > 5 T AL AP PR
(1)Tasks 1 % Task 2 a2 42 * ¥ it < 3| % £ U] 38 it 49 548

A s F B AP > T RE RN ARSI
#]»#m2 »Tasks1 % Task2 = e 4 % # F /R (Wickens et al., 1997;
Navon & Miller, 2002) - j& a4 3 ¢ > AP F LB H P B2 R T

SIRAEIEE & hivE (Wickens et al., 1997; Lansdown, 2002) -

()= i#% @ * 23+ (non-interfering channels) » iz 3571 &,
SSEFREL AL FRAT G ek B 1Tl

2SI EL G FRIRE SR - HE S e B F R



(Wickens, 2002; Horrey et al., 2005; Wester, 2008) -
() Tasks L >+ 3dF @ 5 - » Fafdyd T4+ JH > I IUER
Eal R SR
(4) %34 5 F 7 (anticipated) 3L > 3= FF - B AR5 S (cue)
FEEFENARE ) PR BT RBRRTENRGS
®EEF R Task1 o
H—400ms SOA K L™ » AFHA B RY > T HF B FE s
BRSO RRZE O DRFE L RH o B RE R TR LA ST
HoPRRBFERE Y- BAEIR G AR dEITHIF R 2 R

FHAFPTHE TP ERRT2%E 2 21 Ff FH A% o
3.4.2.20ms SOA ;k f5 (Task 1 ¢ Task 2 ks pF J138.)

% 0ms SOARFE™ » H FEE TS o Fgg > F 5 i;é_;qz
#edh T d B3] 5Y DR ir(trade-off) RAE > B4r B L F BB i i £ R AT
RBARAEEF RN AR E BB 7L R T R A
TRLF > e 0ms SOARET™ » @ FHEBF 2 75 {0 5 Tl 3
(capacity sharing) % % £ 3 /a(multiple resources) i * = ;% (Pashler,
1994; Wickens, 2003) = ¢+ - J % ~ £33 # 3 §F F Strayer and

Johnston (2001)¥2 Wester (2008) =73 1% % 4p*f & - ¥ ¢t » & SOA

2 g — F Jdp % <l (compatibility effect) £ & » ¥t Task 1 @
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RFHRE N (PR ) 2T I b2 e BF 5o # ¥
fF 3R & o ik Lin (2008)F 7 77 > Task 1, 2 & R
fF o 4 Task 1 7 motor & % 3 5 7% Y I % » Task 2 & Front *o % 3 5
E VIR o Taskl####ﬁ%ﬁ—ié%ﬁﬁ s o 0 Task 2 hinavit ¥
Task 1 22 Task 2 )& ‘b fix » Task 2 Eg#Xx % *t Task 1> #7112 » RT 2
W RTL% o
% OMsSOA kL ? > 57 Task 1 & Task 2 e p ) i pF » H 5k RT2
Kz g1 iFf mdashmp (1) Fo i Eirm s B3k RT 2 3 4
(Van Selst & Jolicoeur, 1997; Jiang, 2004) » #] % Task 1, 2 f pF 11 70
z;é'ﬁ;ﬁf;z;% W4 A F R Task L(NV <1) » £ &2 Task 2 (NV >
1)< (2) % Task2 FIEL/ 5 4 P52 RT 23 4 » @ 2T hpe B 3 Task

2 # 4 (Tombu & Jolicoeur, 2003) -
3.4.2.3400ms SOA # & (Task1l + Task2 % 400ms F13R)

% 400ms SOA K f& ™ » Task 2enk Ropr v H - 18 %
(single-task) ;i fi & o 4 (7 Task LiBAz " > $>°Task 2 ik (%
fFRE S TR 3049 > T uF K5 i Task 182 Task 2= 57 i6 %
P £ 4 (temporal overlap ) 3 RT1-SOA (<RT1)> +*— 400ms % Oms

SOA ik i RTLiM - g5 e 38l X 38 F A 7 Task 118> 2R 18 £ 41 17 Task

20 911 > AT Ga AR R B oo 248Kk ik H0t M en(4e §]3.14(c) A1
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A)o Fho Y R AP MHmE - B FHEY R TSR
vt > g 53 Task 1end & M B A3 Task 20 #702 » A ik & fTask 1
(Ruthruff et al., 2003) -
ﬁ%ﬂ‘i G2 AT FHEREEw T T A B
(1) #F Aipic¥ (Task2) L N;m o plEcF w ¥ HF REFFRE - ApH
o FF ETE (Taskl) LI P2 A5 F PF R fE -
Q-AFTEFFLHRFHTL T FRE G EFRTL e Mk

TE AT H e 0 B OF e
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(@)

(b)

(©)

(d)

€)

SOA I.D DR MR —400 ms SOA

i v >
T T T T T

| | RT1 | |
o RT2 o

* Overlap

M(D Di MR 0 ms SOA
Y
I T T T T T >
E RT1 | |
:‘ . RT2 o
* Overlap
D soa ! Df MR | 400 ms SOA
v >y
I T T T T T >
————»l
RT:II. |
: : RT2
Overlap
Single
'\f MR equation task
! T T . T T >
o RT2 o
Single
P Di deviation task
v
I ] ] ] ] ] >
————>
RT1

r T T T T T - >
0 500 1000 1500 2000 2500 Time (ms)

W) 3.14 Daul-tasl (SOAs)% single-task = X, &)
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¥

=

$ HFHER3 v E

TEERE ERE FRRRT 0 G H R k(T Eded fm ik S
REFVENER R BN LR E L F A R R (SOA) > A4
PRI ITE FIRE KT REET AT - 0 Task 2

FL I R ARREAL Ao BT R

fis
Dy
<
=
:_\‘\
SN
P

A

SET Y A 0 AP RLTFREL K B REFE (session)

IR B Sl rl el = = B R B e ke I FR R R o
TARY o F R R L AEST S 44 (continuous
warning tones & tone burst)~ =4 #7 & (500 Hz, 1,750 Hz, 3,000 Hz) %
Fdle (L7 B2 %3) 7KL * ARMrAE 4325 3

Pt B R TR 0 AR SRR ML AR 2 2T R AT E R
41 g

411 % iE‘J‘F{

AETL R P13 LY S0 Y S R K T 0 2658 (1

BA53) 50 Bl ARE - T ) FEFROIBF L]
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TERF RS iﬁ*&p@ £ Lb \.}3%43\;,;73 LI
oA R AR AE e 5O RN RS & KL RIF R

|

APERE AR A @R F o R et S T S
AEERRET LR FREL DT RER R AT B R E
ARG IL R 3 B B - R R E L PRI R R &R

FrA - PSR IHD Y R F =P %P NT700~ -
412 RH%EKA

A Z RRTHRERS PN - Task2 2 i F 38 e
Fob o B e AR (AR 302) -
413 R =K
4131 p B8
(1) %% %3 0~ 5 5@ F&2 %3 (continuous warning tones) & #%
&L #-5  (tone burst) 2 48 -

(2) # % © 500 Hz~ 1,750 Hz 2 3,000 Hz % 3 f&47 & o

4132 B8

F e (Responsetime) @ & & dmik# B4o2 35> » & B4k &

B2 B RE LA F RFRF (Huang, etal., 2007)(4-H] 4.2)
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414 R %ALR

~

-\’”15

G- AT AR RZFHRALEE NABTARREES WP o

4141 73 F B2 R%RRR

RFEFAEREITHL Do RFRP F RS RF 2

o

*mk“

ST Y 104 450 R E S R TR 2 R BRI o &
AFLRALFHCRRIEERERIIYG > FEHRFR I Ao
BB E e Mz TH R (TACEE L MR @) 0 i p B g

ER S RPL % K Rt H RS R BB ($3) 2

AL § ek d dm 6 B e BIALSTR o BP 2Ll 2 gm AR

o

v 5 ZFIE 5 A B 4 (deviation-onset) 5 z v w = A 5 X R K Ik
o e F B4 (responseonset); 7o 5 L EE i B F
F % & (deviation offset) ; ¥ B pF R (Response time, RT) % & % %
# R AT F R A4ecnpE P E P (Huang, et al., 2007) -

&2 @i @ (warning threshold) 2 & @ ##7 7 AR 0 %357

o A 2L > o 2y 2
PG Eie B RIRT

I
3
PR
P
-
"

F] L HF R <
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Response
onset

®

1
Qeviation(D)

1 I
1 Warning
threshold

Response
TimeI (T)

Deviation
onset

WAl RAR2 FRHESE ELRT AN
ALY P ARERGU AR EL B
(continuous warning tones)£2 *% =& 2 2  (tone burst)fe £ i * = f&

#F 3500 Hz ~ 1,750 Hz % 3,000 Hz % #p4)e i 5 & & %5 27/ %] -

%
B3 B e aigix %’jﬁr} % »z+ (ADI 1985 sound max-6channel
codec, Analog Devices, USA) » i#% iErf]e~ (SANYO sys-202, SANYO,

Japan) @i B o AFY TR BE ORAREFE HYIBE
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SRR RARYT P E6OABHL F kR T P el B E L AT
B2 FRERG 2TF G REEY I R3D 0 AR g RS
84dB HLz ¥ 7 3§ &Lk ,Eéiﬂ" (Green, Levison, Paelke, & Serafin,
1994) > :% & £ #-3 % &+ 3 & Wickens, et al., (2004) 3% # 2 #5 #&
# 4>85dB HLz. & F o
TP RE f- LR R - PR (sessions) 0 & - BREFE 05
L P EBRKS - BRI R ELEL 162 2 BTG 6
2R TR E TR A PR 4.2 STw) o B2 B A

AR A2 8 F - BE DGR E(trials) T 325 & 600 #5%

Sound  Frequency Condition The first day The second day
no warnings @ \ / Session 1 Session 5
(30 min) (30 min)

continuous 500 Hz
5-minute rest 5-minute rest

Random

order Session 2 Session 6
(30 min) (30 min)

@ > < 5-minute rest 5-minute rest
Session 3 Session 7
burst 1750 Hz @ (30 min) (30 min)
W

burst 500 Hz

continuous 1750 Hz

i 5-minute rest
continuous 3000 Hz

Session 4
j (30 min)

burst 3000 Hz

42 RE%RET W
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4.1.4.2 "k Bl 2 AR5
7‘\/?571‘ -2 Pl Pl TARR B0 L RE - AP 1Y (F 9%3132)
415 #dpi 78 itk 2

(RIS R LR S SRR “,fﬁ P2
¥ iEehdiT o HER L T35E e 3 2% 1 (mean £ 3 standard
deviation ) » 2 i REFREFEY: R FR ek 18%; BFE(7
Tl o T e e w0 @ F st gkl 5 SPSS (13%) 0 @ At
F k& * p-value <0.01 & p-value <0.05 -

(1)Baseline : j£_ 7 fi#f %] (6§72 &2 e « 25 B2 %w) » i@
* 4 2 g T (chi-squared test) fafes :&F HAY 2 AR R AT 38
A_fe R P BE o

QFeEFTF AT cE IR PUF I F L F IRV RD IR
AEELAF EE F R AZE 1.5 seconds 2 1 & o

@iy BELFHELF v D pARBEELREL Ty (64
PR ELEE ] AR B Ee) hT s RRERFE
one-way ANOVA 2 Dunnett’s T3 ¥ (& == iz > #e sk 70— f&
R SRS (S

(4)# * two-way ANOVA % 47 = % #c (sound pattern and carrier
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frequency)2 Dunnett’s T3 T i T = 2 » %R rEI AR I [0
TR BEG 2 A F e E AR G FETE T
(G % 2 12 & A 45
AT FERIBN SN F T B BEE N ES
CFP T RGER R RS R T fRE BRI LAY P -
o ot Ry d F g (Likert Scale) 5 8% R & A4 > 1 4

REEFARAR A 5 AR TAEFR - L EEE RS E

Cronbach’s «a &> *ﬁ? BHcY R - R{EE M4 Cronbach's
o <3 0.6 B> T ¥ %X chfelElz 0 % Cronbach’s alpha & % %

30T AP RTLF - R
42 P B %

421 ¥4 %2 A B M (Baseline of various auditory warning signals)
AT B AERE R A B LRI o s - R B
(session)wi = 4 4& P BF > AQiE & L & EFs#c (trials) » 54c £ 4.1 A7
Fo S SRR EEE T 0 (6)=1320,p>001 2t BEELE o
FIt > AT 2 TR A BER G204 0 4.2.2 F wchE L 3
(Effectiveness of various auditory warning signals)

% 4.2 4 o1 #r cdsk (trials) ~ @ fmATE E L RE E - A2iE 15

PEE AR TI0E R o G E LR A8 A F (2
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AB)Z 18 BIRE A BB AAEELRF B BN 459 -
REL BT D pREEL AR B g T 1 339
Toopteh s BT IHE RpEFAREE 15 e T AR o d F 2 R R
BEET P HMFELBE ((6)=44387,p<001) - iz} ¥4
B3 ki anT 55 E ppEF(2030ms)rt B 2 B E L B kR g T i
F PR (T3oF PR R 0 1625~1752ms) B& & -7 87 0
B (6487 P82 FE 12 B2 #he) 2 T

PERF 2 L8 X 5304 430
241 AHBIF-ABYT  REEL R B2 BREE F AV

0, "
Number of trials YoCross over the warning

threshold

Non-warning 266 25.56

Tone burst 310 19.03

S00 Hz Conct)ir;ﬁJoE;StSne 306 16.34
waming 1750Hz R RSE 2083
Tone burst 307 14.66

3000 Hz Continuozgst;ne 274 19.71

£ 42997 ol B IRREE L AR L - 4E L5 HHnE AV 2 TI0F RER

%Cross 0
Condition Total Trials ~ Warning ART ~ Mean RT >
> 1.5 sec 1.5 sec
Threshold
Non-warning 3236 44,75 4.9 2030.00
500 H Tone bursts 3938 33.04 15 1718.50
z
Continuous tone 3816 28.83 0.9 1751.88
) Tone bursts 4020 27.16 0.4 1624.88
Warning 1750 Hz .
Continuous tone 4060 26.26 0.3 1694.21
Tone bursts 3854 27.47 0.6 1722.91
3000 Hz .
Continuous tone 3455 32.65 0.5 1630.59
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243 PR BREFL AR B2 8% % V158 R 2 FF L

Number of Trials

Mean RT (msec)

Mean (SD)
Non-warning 1448 1020.73 440.07
Tone bursts 1301 941.74  257.72
500 Hz .
Continuous tone 1102 916.18 216.64
. Tone bursts 1091 895.95 188.80
Warning 1750 Hz .
Continuous tone 1065 884.35 187.13
Tone bursts 1059 899.16 217.16
3000 Hz .
Continuous tone 1127 894.37 190.15

423 L3 ¥ g ¥L % (Non-warning and warning)

i

AFTT

sk o §F B 5 R ARk o & One-way ANOVA

l“'é.“-‘at ’ F6,8186 = 41.33, p< 0.01 &~ Z@;Eﬁg&qﬁ

(Dunnett’s T3) g & 3 3> i1 5 &

TRER ET R R RE

Bk

R R A

\.J

NRES NS
_L)J‘Aa\’}fr

BEPLIR KEFEHRT

}%%EE:’F’&[’L‘ 37&

£ (GF4cB4.3977 ) o a500HZk R ™ » s &2 By B irE 2 5

2. Lok PR o KRR L

3,000HZ;# = ch= #6 8 7 23] - T

]"}i}ﬂ‘ﬂ ’ ]E’

¥R fupER 40

» ¥1371,750Hz 2

HEPLLZE -4y

B2 7 5 311,750Hz 2 3,000Hz » &2 7% e £ %5 1,750Hz % 3,000Hz

AR AR R > ISR AR

2 * two-way ANOVA st & 7 o

-

BoRa o KEE®
Tig * FR- 7@_%

5 F R 2 Goeied o |



[] Tone burst

1200+ N Continuous tone
*
— : * ; '
. I s .
@ 1100— : 2 .
W — b 1 «
g I 1 : " . 1
QO I * 1
£ 1000- —*—m
[1)] -
: "=
S 900— \\ =
o \
w
S 800- \ \
. \ \
Non-warning 500 Hz 1,750 Hz 3,000 Hz

W43 i1y ¥4 B8 6T $2 2305 pFR
3x ! Errorbar=x1 SE

4.2.4 ¥4 ¥-g4g % (Sounds and carrier frequency)

AFIL AL EF AR IFULRRTIARL P
e e A 0 FR T R L2 F R iiE. 2445

BEFE kB 3 SBHEAFRHEL - FHRESET 0 oM
FRAFF BEERNL 0T P2 FE LR (Fuerse =2535,p
< 0.05); t¥2 B HF BPEFENAS > TR 2 HFEALD
(Fierso =5.33,p<0.05) ; 4% ¥ 1 = F]+ % £ ok 47 R4F3 E 2 Fag )

—

52 4

>‘1’~
F_&
o

SHEFEULRAFF LI 0T B o nRA4Y 0 £

72



e Ht
1%
=
4y
Tk
oy
Jy
(w
o}
<k
)
-
P

» B F; 6730 = 0.66, p> 005 &7 & &

Bk
]
1%
5
43
B
1
]
B
oY
E:)
<k
]
-ﬂ—_‘\
s
)
+w.

Ao FIMERH A Bark L R oo

B &k P B A4 > H Fierse =5.33,p<0.05 i st
Fr2FHLE AT AEFE G ARG A 5 THEY
P BEET O LAFTRERRF AT T A U ET
(mean RT = 900.5ms)-T 5 & Ji p& i 1t #% 4] & 57 3§ (mean RT =
914.2ms) > £ v AF E T ax k> T0F R RE e i & 2k P A
FEFA|IRA o H Fpgr30 = 25.35,p<0.050 st 8 b 2 BEMLE
Ao ZAMEEY 3 ARG e 5d F {24 47Dunnet’s T3 & %7 2
BERMT o LAY R REI AT 5 41,750 Hz% 3,000 Hzk
L2 T a R e pE L 500HZ B R B Bk TR R R
® > 121,750 Hz% 3,000 Hz+* 2 & § #Asc % (4oBl4.4) o

2 A4 R HATHER 2

Sum of Squares

Source df  Mean Square . Sig. of F

Type of Sounds 249345 1 249345 533 0.02*
Carrier Frequency 2370856 2 1185428 25.35 0.00*

Type of Sounds x

. 61623 2 30812 0.66 0.52

Carrier Frequency
Error 315127513 6739 46762
Total 5872700146 6745

R E () F005 dF kAP d R F B EAY S Sigd FlEYE
e o
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1200

1100 *

©

o

o
I

Mean response time (msec.)
o
o
T

700

I l
500 Hz 1750 Hz 3000 Hz

W 4.4 = f45 % (500, 1,750 2 3,000Hz)2. i & 3c% 2 * B

3* ! Error bar =+ 1 SE
425 F¥F BRi%
%45 £IERAEIRD 2 S AEF A 0l S T 00 Hos R B

Foox X EAEN R AR L R G rre T RS G

i

35 T 3ok ficx 33 H P - 13 T ian i3t T e > Cronbach's o i

2063 - 42BNV K b LIRHE L 5 G 0 82 0 92%

]
W
ol

=

ok

e & # 4 B3 48 5 1,750Hz (1£69%) - 3,000Hz (1:23%)%f %

ol
~=)

{m
&~
o

il
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245 BLEIREAFEE

T M SD %

BEL BT HERE G KR ? 4.23 0.60

g
2. KEEELHES > €33 ERADFIE? 2.69 0.85
E@FoR? &L 85 WmAapT o 4.08 0.76
4. B EHAEGOOH)E 2 85 - KEFE? 254 120
5. ¥ @34 (B,000Hz) &£ &5 > = {2 ? 385 1.14

6. 7n— MBE T A A HE R K LG R

(1) @ 5L 8 8

(2) "% BrE L HF 92
7. 7%— FEAFAAEA] 0 HERE G R

(1) 500Hz 8

(2) 1,750Hz 69

(3) 3,000Hz 23

Note: M = means, SD = Standard Deviations, % = percentage

¥ sc;édﬁﬁ%‘ AR A A B AppRpE s kA% 1 750HZE H4F
B Bom o bR 3K % Current trial ; éiﬁ/ LR BT - B
P %5 1,750HzE A -5 &5 5 bk i3k 5 Next trial o & Current trial

g Next trial = B4 i T 0 G B w A RS e il B 4
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o R AP E R 2 B (dB) 04+ (4-7 HZ) 2 i ¥ (8-12 Hz) »
T EFMHL B (P<0.01)- ez (8@ (@ ndnext)® -G £ B & ki
BEWAL R KEMEcR 45977) &7 B4 w4 ANexttrial® £.E 5
EREM ek 283 B g andkz w2(dB)E vily g
W % o B 4.5 2 Currenttrail 5 % si65 B § angzk i £4 5 3
Next trial = Current trial3 24 (& en™ — Bk s £ 4 5 2’nd next &
Nexttrialz. & eriiBe s £ 4 F o 2 d o 4 5 % p) 75‘ B FER R i
AT R AR AR ABRERET L d M
T ARk B AT Y VALK B T AR EA T o
MT 2% ORTR S AT BRI RRE G BT BTG
B R B d W e Al s)@ s R F AR B
RIR - 2 rn ERF(EIFRET ISR R)E NI RIEFE
Z8 5cd kTR AFa BAEH(C S b RICD § W F0L )i Bt
FhTFFLLE  B¥ kE()=x 7 001-

R A6 Fav § LR F AL A 7 B SNpEpERT o kS

3 LT50HZE 5§ 0 K ERHFOFF 0 T U OGBS Ea G o

w10 fam s

=

RALSCE o @ WO T F G S BT i

Efril 3 A Exfhn B RV RIABEHT O ExfraNT
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@4% 35 #) 84 $ Lo % (Chen, 2009) - ] 4.6 2 2 ¢ &4 7 ik

ik d W MA TG B B

.m‘?
4

—,|\

.-w—— . :,, 52 —
E_ M 2 )\F,ﬁ{-_:.;i%—r

‘ﬂ

Ap 4 £ 47 3¥ (phases spectral

R e B KT E S ATt B

1
ol

pOWer &2 £ ¢ o it di - EATF M LB o B R B ()% 5 0.01

Current Next 2'nd next

i 9
o4
3
5 10 15 20 25

s &
—
-

=

Power (dB)

=
Lol
-

=
=
-

o 5 10 15 0 25 I 0 5 110 15 AN 25 I 0
Frequency (Hz)

alertness

wio warning

wi warning

W 45 P E %% AR & (baseline) 2 # F 43 W(N = 11)

g 40 — . . : :
1L | 10 sec.
35
©
L
Q. 30}
<| o
T 2
o 33
=
o
ol & 30
]
2
27
—
oal ————
0 15 30 45 60 75 90
Time (sec)
‘ wlo warning ——— w/ warning alertness |

W46 HE ST 24P =it EIRHP|PHER T HN=1D) - F B 5 adf ¥ o £ HE
BB T B G O A RS -
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4.4 B %t
AFEFARP R ELEIHERF DI R 5T
ki FRRFE L RBE LI ET ARG o R R
U RAERE > AR AL (1) AABELF B
B 5 b &L B 1,750Hz4E 7] (26.26%) 1 L 5 & £ B (44.75%)

0 H185% - (2) P RACELEf L F B L B B2 B

ld

(0.3~1.5%) " iz § %2 44 (4.9%) % - (3) LB HE L R T - 2 &
T ATAl 2 T eE T (884~942 ms)FRit i G E L 5 (1021 ms)

BEMAFTRREFFETE L R HNERE G 2T G

%o (4) R B R ET EE TED 2% HEF 5L EL B
% 1,750Hz (#:69%) ~ 3,000Hz (ik23%)%+ % % + §e4 -

i 45 Graham (1999) # R ¥ 2 5 + 37 NBEEL B 2T
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522 pipE{ B2 ¥ (Drowsiness Dection and Warning)
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