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ABSTRACT:

The present study aimed to examine the learning effect and workload of older drivers using a
driving simulator. Twenty licensed drivers participated in the present study, comprising ten older
adults (five men and five women with an average age of 60.9 years) and ten younger adults (five
men and five women with an average age of 33.7 years). All participants operated the simulator,
where they were instructed to repeatedly complete a single route ten times. The finishing time for|
each round was recorded, and participants were instructed to complete the NASA-TLX scale
following Rounds 1, 5 and 10. Each participant’s finish times were incorporated into a regression
equation to calculate the learning rate (¢) and theoretical first finishing time (T;). An ANOVA
analysis indicated that older adults manifested a significantly longer T; (258 sec vs.183 sec) than the
young drivers, but presented no significant differences in learning rate (¢; approx. 0.87) and
workload (NASA-TXL). Interestingly, workload decreased concurrently with an increase in the
number of attempts. Understanding the learning effect could be helpful to trainers in determining]
how to allocate training resources and/or schedule practices to optimize training effectiveness. In
addition, the older drivers required a longer time to complete their simulations. These results should
be considered when formulating transportation legislature, designing vehicles, and other driving
safety issues.

The results of the present study can be provided to the Ministry of Transportation as a|
reference for improving relevant transportation laws and regulations, and to relevant operators for
reinforcing vehicle dash board and navigation designs, reducing older drivers’ workloads, and
alleviating the harm inflicted on older drivers during traffic accidents.
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o~ BB AT 2 T~ §x NASA-TLX 8% f e il (7 53t 4 47 o

FRET GAPFEPHEL TR EREREEPEFE - FF 5 - &
T REE ORETLEY 4«5@, FREALEGCES BRPFERZ 2BR>FR
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5 TR ALY A 4

351 T A

- BERRXFEL FHREAIETF BV SRLNQ) UG EALY
(simple linear regression) B 4G % - T RS BAHFRF (T,) 2 &% F
(Learning rate > ¢ ) o & #F it #7182 Ty % Qi {7 AT M A2 27 % B #ic
% 5 (ANOVA) -

Z ~ B-NASA-TLX (% § jm& (7 a4t v 3P 2 % 2 fick 147 (ANOVA)

2 #3 §i 4 STATISTICA 8.0 i {7 ¢ it F AT -

10

352 &7 i

- ~ kit szt (Descriptive Statistics Analysis )

FRFHRE S - AR BHFEFRF (T) %% & (Learningrate > ¢ ) »
21 NASA-TLX ¥4 § 7328 & 52 Tiod - BB L 5 FH o

-y BEmsPEw ETT? ( simple linear regression )
HEHGY - XX SELEFERF (T)) 2 2% & (Learningrate > ¢) °
~ RR AT

%‘aﬁlﬂt/w\#‘r“,"/‘%ﬁifi%iﬁ'%*:imﬁw“’ F‘*W&(Tl) %‘3””(4))‘
PR (T 42 "*'Fi)‘ ﬂ,yﬁ%f? ?&(1,5, 10 w @))p\ ERCRN N X LY
ﬂ o

Jui
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3.6 ¥ k%

A E Gk -F] 3 3K 3 (Nested-factorial design)i (7§ Sk F AL~ 47 o p %38

AL ESSPEE Ll BB LF - XRSIBHER (T)-E¥ F ()
2 NASA-TLX 2 it ¥ f a8 » L B F o KA ifdeT o

3.6.1 f RA(XHLFF)

SN 3&5@:%%%\3@&#57}@}&? (Levels) °
=~ fhu] R E (nested) FESL2ZT o FaF  Eggi T AL 10 R

C FPEEIEAFITE R STEZ R I0W E 0 X = fEk % (Levels) >

F* 3 NASA-TLX (T % § 7 =8 o
3.6.2 tR%IE

- F - ARAEGHERF (TOHF*ER 10 v AFF - d 894 @50

Bz T, REAEYRLEMILEZ - X R EFROPERT o

Z ~8 ¥ ¥ (Learningrate) : Hx* E®R 10w S Pl > d BE¥ v Moz y N

N b 2\ 77 ) N — 2 - 2 [ N
2.¢=2" > RAFERLNTEREFRY 7 8H dud 5 o

= "NASA-TLX (4§ F28 AR 2% 152 10w & ERs > 44
;fédﬂz e 57 f 7 (mental demand ) ~ %8 4 f 7= (physical demand ) ~ FF R § 7
(temporal demand ) ~ % »c22 /% &, & (performance) ~ ¥ % 42 & (effort) %
#7428 (frustration) KRG %= > EF L H35 (A4 i) 4ridmn B
%k’ﬁk'” TR RHEE Y Y o TR RPL A (Ao

F4H5 - TR THPERF (T1) 2 §% & (Learning rate) 4% % %-%]+ % &
#~ 47 (Nested ANOVA ) > § 5% %)+ 5 #d#tk (FiEE 38 > 2 Levels) % |25
(REE#R2 T 382 287 4 2 108 ) @ 44 NASA-TLX i § 74
Rk -F]3 % B #os 7 (Nested-Factorial ANOVA ) > 5% ¥+ 5 #dbk (#Fi
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erEdss2levels) B L# (5 1~5-10% & >3 Levels) % 5] (RE»E
#£2. T > 38E ERT AL 100 ) AP EFLRE (a) 5005
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Frd TR aMR

41 ReFH LR FAH

241 5 2MAREERERR 10w £ TRPIZFRITEL IR - &
LRE 0w LB BRPFTE > EV VAN FE VRN ELRE LY - =
SAEFEF(T)EEY F(0) ¢ 78 Y AR EY o 8B (do'itsr4) -

% 4.1 ﬁ?‘g%éé—‘ﬁ 10w £ 2R E ~2HiE (T1) 282Y F ()

ﬁ E -y rrg (Eef)) g
o 1 2 3 4 5 6 7 8 9 10

1 5 =4 173 128 128 122 157 162 119 137 121 132 163  0.92
2 9 &4 199 162 152 120 116 118 119 113 126 106 196  0.83
3 9 #4171 180 186 168 132 124 138 127 112 150 198 .87
4 9§ Ef 215 190 194 165 160 182 151 151 163 137 235 0.85
5 5 &4 151 145 141 124 130 122 121 130 117 127 150 0.94
6 ~ #i£ 176 147 150 144 151 154 144 132 124 121 189 0.87
7 % &4 150 114 110 105 119 102 116 109 109 105 133  0.93
8 4+ & 247 168 151 149 149 154 148 144 145 155 204  0.90
9 & E4r 208 155 132 145 148 155 128 127 129 134 193 .87
10 % &4 175 161 155 157 193 147 146 165 166 175 170  0.96
11§  B#& 277 242 187 166 174 160 177 195 152 158 260 0.86
12§  F#& 289 243 194 187 175 185 198 207 182 185 263 0.89
13 9§  3& 185 196 169 175 160 161 137 132 136 121 208 0.88
14 §  ®#& 295 226 208 237 201 221 155 150 156 138 303 0.81
15 §  F#& 283 222 179 156 164 163 149 136 141 145 267 0.81
16 + & 323 289 258 234 216 189 190 193 181 165 341 0.82
17 % ®m# 243 237 201 201 175 157 152 128 125 140 273 0.81
18 % BZ#& 240 228 224 215 210 198 215 206 190 180 246 0.92
19 %+  ®# 149 184 161 143 138 139 115 114 123 128 174 0.90
20 % B 232 258 193 190 159 197 165 163 164 169 248  0.88
LR R R L RRIEE LR Y 4 ARG LR 4
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EARE 0T B ORBFRE BV AT QPE T WA LR
B fiplz BYE Mo & 5 H - X2 2mAER (T) 2824 F (
& f_iﬁ—"ﬁj"f F%“QELI\ 41 F#-PEEY Y RS T2 ¢ R RSR &
AATIEEA YT B R R AR A ek 42543 2 449957

FA 423 43 - XRSRBEE (T) 229 % (0) PR BEA 115
%?f‘?ff’ﬁ*»fé(r‘s*»fbﬁérz)%ﬁ?— Zoa A THBEE (T3 8 F B 2(p=0.0032) -

LHIV D Jﬁ‘0LLLff*bi\"ra;?—ﬁpr'gﬁﬁdz—'ﬂ'}ﬁ—ﬁﬁﬁﬁ’éf@sffﬁsbﬂl"n”vlgf:\itfv
T ERSER (T 2 iﬁ“’”’“’7‘44""r5"»5¢ﬁ“ﬁ—:’f%%“ﬂi‘%&ﬂ?%sﬁﬁaﬁggA}\
(Fdok 125824); B4 11829 4)) SR XA L5E> R4 F &S5
PR REALE S 2 T SRR TR RE S ot EdE L 0 3
oo R I B R (A PR R ) P TR A A ;ﬁ'“’t“—‘i’iﬂégk
ke o

PO EREEA RS APRTAFREEES B Bl e
§$%4?5%@@“iﬁ@’@%?ﬁméﬁﬁﬁﬁﬁﬁ%swﬁﬁﬁ@%
B Y AT AT o

B T,=25800 254(3)
Eggg C T=18307 23 (4)

YR At F'\Tl 258 #) » b=-0.2176 > $=0.86 ; ﬁﬁrlﬁ\Tl 183
10 b=-0.1681> ¢=0.89 - B 4.1 T E MG E L EdZ X 5 v 5 RS PR T,
m.lj:’vg_‘ﬁb»__f_ﬂ d"ﬁ:‘ﬁ‘-‘?\ggjgb AR o
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%42 F- A RIEHPFRF (T1) 2 &L 785 (a=0.05)

gk fd R T4 4o FE o piE MEFR
& 1 28402.2 28402.2 17.21 0.0032 Hok
Mwl (E&) 1 63.8 63.8 0.04 0.8491 N.S.
<3 'Jﬁ (Hm)) 8 13390.5 1673.8 1.01 0.4923 N.S.
WA 8 13203.8 1650.5

- 19 55318.0

*p<0.05 **p<0.01 > *** p<0.001 > N.S. 7 & ¥

%43 ¥ ¥ () 2 A%

e pd R T4 ¥4 Fi pE  HEF
£ # 1 0.01 0.0 3.64  0.0928  NS.
fw] (& #) 1 0.00 0.00 0.10  0.7635  NS.
L3EE (s 8 0.02 0.00 1.10  0.4485  NS.
EX ] 8 0.01 0.00

&2k 19 0.04

*p<0.05 ** p<0.01 » *** p<0.001 > N.S. # & ¥

21



% 44T, & pacit s 4

T1 o

¥+ k7
7! K Tioeg RBZ  THE I
EX i 220.6 54.0 0.87 0.05
& #£(n=10) 182.9 29.5 0.89 0.04
S ‘
% #(n=10) 258.2 46.0 0.86 0.04
‘s L @m=5) 1775 27.8 0.91 0.04
&
P 7 {4(n=5)  188.2 33.4 0.88 0.05
E L (n=5)  256.4 60.1 0.86 0.05
R
7 #(n=5)  260.0 34.0 0.85 0.03
350
325
300
275
x 250
™ 225
200
&Y 175
7 150
o 125 - — —
24 100
75
50
25
0

— & (FRW) 258 | 222 | 203 191 182 175 169 | 164 160
¢ H&(FTR) 252 233 | 197 | 190 | 177 | 177 | 165 | 162 155
i 42 () 183 163 | 152 | 145 140 | 135 132 | 129 | 126
A FE(ER) 187 155 | 150 | 140 | 141 142 133 | 133 130

156
153
124
133

Fdl 3@y pajgi s 2@l (RRE) T2 HBL SV 4 4
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4.3 NASA-TLX e % § i

4 4.5 877 NASA-TLX (% f B A 152 2% » 6 h Wavids (38
-ﬁ _ﬁg&k)ﬂ-zf;}:ﬁ,{; F%«F#mﬁgm’mﬁ"bﬁﬁi(%:1‘5‘10‘3‘@)5{5
—EMA‘/%] 7 r’-"‘;_,l &Flsg _ﬂ #EE&;@!}‘{‘V{' r"" fu;’l_:} '&L"Z'\ 46°

BEREHRETERY > FREFEEEADNTEIFRIEFLL (B8
+ 15538 EdE A 15697) EFRF 10w & hF Y B (T A L RH2
TE R E s ABR (v £ 1:61.17> % £ 5:5528 2 w £ 10:52.08) -
Yo @) 4.2 P o

Al e (AR 43) $RALESER > S BIFL] FHT EFRFH
T2z RY FHFEFT ~FBLR{P A (FHFT/H 51/60; £ 4 7
[ 156 /58) MAAEREBRFITY > APTAFEANL IS BFER
B &R ERAPBRIPRERRI D) o 7 @A P2 FRG% S FF A
REPHERELAR N AN AP REERET TR TRERE
TR TRENWMFT S g EFRE

Z 45 NASA-TLX R e 78 %

F]+ pd kR T2 B2 FE pE HFE
# d 1 37.6 376 035 0.5613  N.S.
¥ & #ic 2 850.2  425.1 3.90 0.0305 *
M (#48) 2 7202 360.1 330 0.0496 *

W & fokE 8 2 650.4 3252 298 0.0648  N.S.
v & e (£#) Xhw| 4 150.4 37.6 035 0.8456  N.S.

= ;éiﬁ (& #Xiw]) 16 33494 2093 192  0.0568

FA TR 32 3487.9  109.0

&3t 59 9245.9

*p<0.05 **p<0.01 > *** p<0.001 > N.S. 7 & ¥

23



% 4.6 NASA-TLX #cit |+ 52+ 4

I E 182 TiaE A
EX -] 56.18 12.52
EiE 56.97 9.46
E#
% & 55.38 15.10
1 61.17 14.27
v £ #ic 5 55.28 9.35
10 52.08 12.28
+ 58.02 9.04
-
g M4 55.91 10.07
F #KM 5|
‘ R 60.17 17.01
% &
g M4 50.60 11.56
1 58.03 13.44
e 5 55.87 6.18
10 57.00 8.19
ER ZENES S
1 64.30 15.09
% & 5 54.70 12.07
10 47.15 14.04
62
- 60
™ 58
~
[il 56
S 54
R
Z 5
5() : :
B 41 B 45 B 410
— 847 61.17 55.28 52.08

B 42 ¥ & Hcft NASA-TLX (T % § 7 engs 58

24



62

piod 60 AN
w \‘
5 -
< \
% 54 \\
z 52 So
50 ™
M M
— A 58.02 55.91
c=eakEA 60.17 50.60

Bl43 7 = 8k 2 1254 NASA-TLX ¥ % f jF engs 48
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s 1

NASA TLX (Task Loading Index) & %
L I E: v p
AP
FEERE A TEFTRFROFHE S REFER J WA R ER

k& zb“’/% LR ELS ﬁfii RITRRE BFFRFe AT EROSCF I 2425733 B
2R >
oMl EL TR S S B FenF R AR R H IS o
%',}'J CEEAEG ¥ 20 & > ’L"’]{é’ b A& BT E2 2 m'“’féré =g m’gif T B (/] 60%)
E]|J]’g]l_”£ L
B B | R 2H 2 e 2

AR ET FEY 5O AR o aE s (blde LY
AT R BEE R )

S f R LLLL iyl

(mental demand )

0 25 50 75 100
RAK 1 3% 3 s
>

BB AA R AR R AR5 HTE A S FHARI R EN AT &
SIS L

4. ﬁi&*w%‘é TApve > B AR R A TER S AR R 0 R E AL GF oo
Osp % 28 (effort) M4 ¢ = (mental demand)
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£ FF TR TR I AL hiTE oo
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i B | % p 2 * £
AR TR ZEY 5 E o E R (Bldet A
AT R OBER R OER) 9
AR AR L1l L1 1 111 [
(mental demand ) o
25 50 75 100
FRAK MEN ] & 1B %
>
AROERITIE FEY FOUMA f maiEd (blde @
WA g | EE) 9
(physical L1 11 L1 11 L1 11 L1 11
demand ) o 25 50 75 100
4B A, e, & ih 5 1B 7
>
AZOER I EIREFAHARER T S PHRERA 24
b | ERRLERILE @‘u\mgar«fww«“&mﬁ £
Ll SR K e LR E 57?7
(temporal L1 11 111 L1 11 L1 11
demand )
(¢] 25 50 75 100
FB A, e, & ih 5 1B 7
>
AR BRI SHPE RARAPFET 2 FRERBE
HEB B R L1 11 L1 ] L1 11 L1 11
(¢] 25 50 75 100
(performance ) 4B A, e & ih 5 TR %
>
AROEREIBRER XD s 2R 5@ ?
TRy L1 11 L 111 L1 11 L1 11
(¢] 25 50 75 100
Ceffort) FB A, e, & ih 5 TR %
>
AR R TR SR PRI A B fA mRED
K e L1 11 L 111 L1 I L1 11
FITAER
(frustration ) o 25 50 75 100
AR AR A i@ = FB 5
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<

FRA LA S FFAPT R
1 [ %+ § = (physical demand) [ ]9 ¢ /= (mental demand )
2 [ R g j= (temporal demand ) [l § 7= (mental demand )
3 [$»¥& 5% & (performance) [ ]9 ¢ /= (mental demand )
4 [ % 2 (effort) (]9 ¢ /= (mental demand )
5 [J#34742 A& (frustration) [ ]9 ¢ /= (mental demand )
6 [ IR § i= (temporal demand ) [ 1484 § 4= (physical demand )
7 % »c& % i B (performance) [ 148+ § 4= (physical demand )
8 [J¥g% #2& (effort) [ ]%8+ § /= (physical demand)
9 [J#3742R (frustration) [ 1484 § 4= (physical demand )
10 [ J¥»&% & & (performance) LI R g = (temporal demand )
11 [I#g % #28 (effort) LI R g /= (temporal demand )
12 [ #3742 R (frustration) LI R g 4= (temporal demand )
13 [ % #28 (effort) ()% »c22% 2 B (performance )
14 [ 347427 (frustration) [ J§»ce % & & (performance )
15 [ #3742 % (frustration) (s % 2 & (effort)
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