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(Jimenez et al., 2011; Seo et al., 2009; Sosnoff et al., 2006;

Der and Deary, 2006; Vinoth et al., 2001; Heilman, 2004)
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re) 1= 1L Alad.- Ad
S1. ¢l M 8 "ot Ad: A4
1/2
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three-factor mixed-subjects ANOVA
v’ Between-subjects factors (b-s-f): & & (20CH ~ 70CH), & E (&, o)

v' Within-subjects factors (w-s-f): &=(2l&, LE &)

! 15cm

Screen —p] i ] -

Finger
dynamometer

70 cm
50 cm

Ergonomic Design
11 Technology Lab




O A|E: HOtLt = A BEESE=7H2 = initiation time (IT, £9): msec)

O &g ot HEA FHEE ==2H5H=71? 2 development time (DT, ©l: msec)
O /X =3xS 5 & FXI5H=7F? = maintenance error (ME, £91: mN)

O F4: ot HEA S ZSE5H=7F? & termination time (TT, £+l msec)

Speed of movements Accuracy of movements
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Initiation Time (IT) = t; — t;
i=time to press the sensor;
j=time to appear red signal
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S1. 8 £X 53 Bt 4¥: Task - £

2/4

Development Time (DT) =t; — t;
7= time to reach 9.8N;
j=time to press the sensor

X Target force = 9.8N

f= s Tuzigia 3
boY) stoizeizetn 14 €t
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15%°lf; — 9.8 N|
10000

Maintenance Error (ME) =

f;= finger force at time 7
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S1. ¢l 28 a9 97t Ad: Task -5 2

4/4

O TT (msec): 212 7F HA|E[H Z|Ciet 4155HAH| dynamometerOf| A =722 E

Termination Time (TT) = t; — t;
i=time to release the finger;
j=time to appear red signal
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O 2= =H0AM 98 2071 7o/g
O FA=HAME 20| ME & §d X0]7} 7olgt

O AR, QEIZVOIN S Yo DSEHE0| olg

| ZFAIZEIT) EEHAIZHDT) QX XHME) SEAAHTT)

Age (A) < 001 < 001 < 001 < 001

Main Gender (G) 009 012 < .001 003
effects

Hand (H) 803 008 644 032

Ax G < .001 314 < .001 379

nteraction A x H 064 756 227 515

effects G x H 310 667 705 242

Ax G x H 768 851 336 568

X Shaded area: p <.001
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7 QIX|Hof A OIX| Bof
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v
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% Amnestic mild cognitive impairment (aMCl): 7| & &g 3 = QIX| 0, subcorticar vascular MCI: I| &5} &2t 4 = QIX| ZHof,
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S1. Force Tracking It& 7|2t

O I}EO| complexity 2: ApEn M M &

v' ApEn (approximate entropy): regularity(complexity) statistics of time series (Pincus, 1991)

v' Amplitude: 2 N, 4 N

v" Frequency: 0.1 Hz, 0.2 Hz, 0.4 Hz, 0.8 Hz

Low complexity High complexity
T m””w:‘ :‘ Ole‘ 3‘ 02Hz ;HH
16} I | | 04HZ OBHZ ‘
4N 8N

3| ~ 12A) 6~14M)

=H| AI” 5*(%5101|*1 JHIEI)

1u 15 20 25 30
Time (sec)

ApENn =0.03 + 0.005 ApEnNn = 0.06 + 0.005
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s2. & &8 g7t 9. 24

O A 2 30227t sinusoidal tracking task (M8 7 23] gha)
O A XA 167HX| 2 central forces x 2 complexity levels x 2 hands x 2 locations)
= &5 Mo 2l 16 x 2 = 32 trials (48 AlZH: 408)
/\ iﬂl 1 Screen —p[ ] Screen —p ]
N |
/\ 6 N A ’ P / "\/_\_ \\. / \ I —(:":)_‘— -\_‘:
(2 ~A0N) v Z-” LOW (ApEn = 0.03) LL | RR
------- e = (lft-hand; eft-tocation)
/

Screen —p ] Screen —p[ ]

th - \ 'ﬁ"l ﬂ' fi f
'n'\,. j/ \].\Q/N/ \/JI ll'\j | /\ \j llll /U \‘I'/‘\ \/\_/ qh’ _ ,_
1 (6 ~14N) ' "/.- High (ApEn = 0.06) /_klé §RL\

Central force Complexity level Hand-location
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S2. el =N "HI1 Ad: Task

Q &g = o central force = 10 N, complexity level = low
B Frsw_131017

= | = P

- Seftings - Test Type
te (255 g 00 @ Practice: 727} AR " Main test

I
>

— Display Type——————————
Full

30
@ Partial 05 sec 20 T T T T T T T T T T T T T T T T

Force Profile
~ Singular

@ Compaosite

— Center of Target Force— e &

6N @ 10N

— Amplitude —————————
2N 4N

— Frequency

901Hz 1 02Hz

Target force (N)
=
T

Complexity
@ ApEn =003
ApEn = 0.06 51

: Hand & Location

| R L

(Hand) (Location)

0 5 10 15 20 25 30
NEXT READY Time (sec)

— 23 =7]-
Mean sD cv Relative freq.

START Absolute error (AE) N N N % TWR % (Tolerance rate: 5(%)

Over-exertion error (OE) N N N % RMSE N rRMSE %

[ ’ EXIT ‘ Under-exertion error (UE) N N N % ApEn

W rn |
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S2. & =M It dd: Participants

a g9 903
v ¢13: 20Cf ~ 70CH(20 ~ 40CH: ZH 104, 50 ~ 70CH: ZH 20 )
v Hd:0d =AHIE 111
A H O 20s 30s 40s 50s 60s 70s Total

10 10 10 20 20 20 90
(M:5,F:5) | (M:5,F:5) | (M:5 F:5) |(M:10,F:10) | (M: 10, F: 10) | (M: 10, F: 10) | (M: 45, F: 45)

Age (years)

25.1+28 | 338+27 | 446+27 536+23 642+24  725%+2.0 53.8+16.0
(mean = SD)
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S2. 8 =X W7t MY 2N Yy ”;

O Independent variables
1) Age: 20s, 30s, 40s, 50s, 60s, 70s
2) Gender: male, female

> 4A-factor mixed-subjects ANOVA
3) Central force: 6 N(range =2 ~ 10 N), 10 N(range = 6 ~ 14 N) - b-s-f: age, gender

- w-s-f: central force, complexity level

4) Complexity level: low(ApEn = 0.03), high(ApEn = 0.06)

O Dependent variables

1) TWR (time within the target range; tolerance rate = 5%)

Y!mox where, m = # measurements
i=
TWR (%) = % 100 L Lif g2 e, - SE Y| < FE Y, x tolerance rate
b= o/w
18
2) RMSE (root mean square error) 16| . tolerance poe poung
w | /o target force
m (dts| s _ 23 3l /1N 7N
m L H &l )2 i A 4 \
RMSE (N) =\/Zl‘1(e_r 2 - S8 E) 12 i tolerance pyer vound
m 10

3) rRMSE (relative RMSE)

1om (238 - 283 3\°
TRMSE (%)=J;Z (ET ‘ ) % 100
1

N~ O
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(@]
v 8 FH s=5H0| Ost 2E Z0t7F {9l
v’ Central forcell 23 =l 22 N5 AE0| Fo/at

TWR

RMSE

rRMSE

F(5, 78) = 13.84, p < .001

F(5, 78) = 7.97, p < .001

<
F(5, 78) = 10.67, p < .001

F(1, 78) = 15.10, p < .001

F(1, 78) = 9.25, p = .003

F(1, 78) = 10.01, p = .002

F(1, 83) = 634.15, p < .001

F(1, 83) = 48.63, p < .001

F(1, 83) = 686.53, p < .001

F(1, 83) = 241.80, p < .001

F(1, 83) = 510.81, p < .001

F(1, 83) = 434.92, p <.001 |

F(5, 78) = 0.41, p = .842

F(5, 78) = 0.59, p = .707

F(5, 78) =0.59, p = .705

F(5,83)=1.85,p =.112

F(5,83) =0.59, p =.710

F(5, 83) = 12.11, p < .001

F(5,83)=1.91, p =.101

F(5, 83) = 2.20, p = .062

F(5, 83) = 0.90, p = .486

F(1, 83) = 11.18, p = .001

F(1, 83) = 7.12, p = .009

F(1, 83) = 7.74, p = .007

F(1, 83) = 0.16, p = .694

F(1,83)=0.79, p = .376

F(1,83) =159, p =.211

F(1,89) = 2.42, p = .123

F(1, 89) = 1.03, p = .313

F(1, 89) = 168.09, p < .001

-
Age (A)
Main Gender (G)
effects Central force (CF)
. Complexity (C)
AxG
A x CF
Interaction AxC
effects G x CE
GxC
CFxC
X Shaded area: p <.05
3 L ]

) sz

33

Ergonomic Design
Technology Lab



S3. gl & =

HEMBM- 21 &
d TWR: 70s < 60s =~ 50s =~ 40s < 30s = 20s (F[5, 78] = 13.84, p < .001)

d RMSE: 20s =~ 30s =~ 40s =~ 50s =~ 60s < 70s (F[5, 78] = 7.97, p < .001)

O rRMSE: 20s = 30s =~ 40s =~ 50s =~ 60s < 70s (F[5, 78] = 10.67, p < .001)

= 70CH2| & =X 53 |: force accuracy |, force variability 1
RMSE

TWR | = (RMSE
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S3. X AFO| <l

g e FH 58 24 88 21t

o 1. O

O TWR: female < male (F[1, 78] = 15.10, p < .001)
d RMSE: male < female (F[1, 78] = 9.25, p = .003)

O rRMSE: male < female (F[1, 78] = 10.01, p = .002)

= 0] d2 FdE2LCt 2 =5 520| 1.28) X{SIE: force accuracy |, force variability 1

1.54 x 1.2
TWR | x 1.2 RMSE ™ RMSE | r" 1.2
’IF.\ Gender 'M‘ ~ Gend P\ ’F\ Gend M"
KA o I < n 2
@ Eg3oieln s Ergonomic Design
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S3. X AFO| <Gl

HA0l ol =M EM B M: Central Force 21}

O TWR: 6 N <10 N (F[1, 83] = 634.15, p < .001)

O RMSE: 6 N< 10 N (F[1, 83] = 48.63, p < .001) | ‘ AN .

O rRMSE: 1I0N<6 N (F[1, 83] = 686.53, p < .001) i \\/ T /

A

o_l_
= &2 3l

g‘.
D
3
S
o
(@)
@)
>
o
[0
sl
1A
ot
mot
%
il
olr
i
o
|_\
|_\
l
N
|_\
=
Rl
Ot
gwn

2.04 0.59
0.4
1.54 x 1 . 1
0.64 0.34
X Z.
TWR x1.4 W RMSE rRMSE 2.1
0.4 0.2
0.5
0.24 0.1
00 s 10 0.0 T - 0.0 T -
‘entral I force (N, ‘entral force (N = Central I'force (N)
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S3. A4l e =X £ EM: Complexity 21}

O TWR: 0.06 < 0.03 (F[1, 83] = 241.80, p < .001) |
O RMSE: 0.03 < 0.06 (F[1, 83] = 510.81, p < .001) i VAN / \| /\,» W
|. Al /

O rRMSE: 0.03 < 0.06 (F[1, 83] = 434.92, p < .001) - -
Complexity 1 Complexity |

Mot

= Complexity/| =2 It S =8 I & =8 S=0| 1.2 ~ 1.4H X5}

0.8 15l 0.4+
' x 1.4
0.6 0.34
TWR x 1.2 RMSE rRMSE x 1.4
0.4+ 0.24
0.2 0.1
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Discussion (1/3)
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Discussion (2/3)
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Discussion (3/3)
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Q&A
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Thank you for your attention
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Age: 70s < 60s = 50s = 40s < 30s = 20s (F[5, 78] = 13.84, p < .001)
Gender: female < male (F[1, 78] = 15.10, p < .001)

Central force: 6 N < 10 N (F[1, 83] = 634.15, p < .001)

U 0O 0O O

1.04

0.8

Complexity level: 0.06 < 0.03 (F[1, 83] = 241.80, p < .001)
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TWR
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0.4+

0.2

x 1.4

TWR

x 1.2
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0.0

0.03 0.06

;_\ Gender '\ 'entral force (N Complexity
S o
Age effect Gender effect Central force effect Complexity effect
TWR 0.354 r///
el X 1.16
. ® Central force (N)
5 Central force x gender effect (F[1, 83] = 11.18, p = .001) :
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0 Age: 20s = 30s = 40s = 50s = 60s < 70s (F[5, 78] = 7.97, p < .001)
d Gender: male < female (F[1, 78] = 9.25, p = .003)
d Central force: 6 N < 10 N (F[1, 83] = 48.63, p < .001)
O Complexity level: 0.03 < 0.06 (F[1, 83] = 510.81, p < .001)
1.5+ 1.5+ x 1.2 1.5 x 1.1 1.5+ x 1.4
. . FLA Gender Mﬁ ‘ é ‘entral force (N 1b . 0.‘03 Complexity 0.8
Age effect Gender effect Central force effect Complexity effect
-
13 / ﬂ
RMSE 1:1 I @
77T alA
J x120  x126

T T
6 10
Central force (N)

Central force x gender effect (F[1, 83] = 7.12, p = .009)
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Age: 20s = 30s = 40s = 50s =~ 60s < 70s (F[5, 78] = 10.67, p < .001)
Gender: male < female (F[1, 78] = 10.01, p = .002)

Central force: 10 N < 6 N (F[1, 83] = 686.53, p < .001)

U 0O 0O O

0.5+
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Complexity level: 0.03 < 0.06 (F[1, 83] = 434.92, p < .001)
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