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[Purpose] This study measured the haptic extroperception accuracy, that is, judging one hit position

in a hand-held object. Especially, what factors associated the estimation of contact position when the

impact is made at the grasped implement by hitting the ball. [Methods] Relative frequency and

conditional probability based analysis verified that perceivers influenced not only the amount of pressure

distinguished impressions by the coefficient of restitution but also the pressure distributions encoded

impressions by the distance from the hand to the impact. [Results] Results conformed to previous

invariant characteristic on dynamic touch in showing that perceiving the location of the impact of

grasped objects, including dominant perceiving selectively modality, is constrained by inertial properties

with such success requires appreciating the location of the implement’s center of percussion.

[Conclusion] Investigated in this planes captured as a mechanical factor, we would suggest a broader

hypothesis for further research into the effects of the rotational inertia related to haptic position accuracy

in the hand-held object, and leading to different estimates of system function providing an account of

generalization that accommodates of its varied aspects.
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(dominant modality) & golH = 43
715}8HA (geometric) EA T} 22 7 ( spatlal 7&?9]
= Ao dud oz A skAIRE B AR 2L &
2 (material) 2 (Ernst & Banks, 2002)2} A€
o 7] ] A (Gescheider, 1974)3}FS3T}.
%19] gs}]j & om}x% o= /\]7L7<4 @y_oﬂ 5’_71]
SHAI R £7F H H = F744Q1 7\}7] & 7o HH
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V& it o o w2 8 ggs =R
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H ETE B8dhs 2X2 F)AME FasHA 2Ea
29SS st (Crespo & Reinkensmeyer,
2008: Wulf & Toole 1999). o] 2f g W ete x| AFALE
& oJw gt 7] A (mechanism)©] A7+ 2o 71#4] 3} 1L
AR g8l o B2 AE 71E0lAl H At (Bara et
al., 2011 Milot et al., 2010).

TFAA R P54 AP} HF 71" (IMRD) = &8
Aol ofatd A7+ AA7E A7 %é 2o} w2
742 A 2] A A (ventral and dorsal pathway)9} 2©
“Fol(what) 79l AAA 715S thEe AAG
(where) 7¢] A 7H4 | & thF & AAZ T2, F
AA 7] 715 TRl B3 =95 223 5%
(Chan & Newell, 2008: Reed et al., 2005). ZA] 2o
A F9l(what) A2l AAE B4 3744 wigds 14
LE, A T AR UE BE SAES HEstu wE

AAo]tHLederman &
Klatzky, 2009). 53], ©] “F9(what) 7% #HHH £
7t A AFES AAREY JARA ARG
(heaviness perception paradigm)¥} #HH E2]4 A
g3 &5 A0 wE 954 2 (dynamic touch,
Gibson, 1966: Loomis & Lederman, 1986)°l ¥4&
71 &9 HTurvey & Carello, 1995). 18]a ol &
T A 22 sl FAE F4 e o
= 3aAA FH 24 BA 8 (inertia tensor) 2= 8
g =24 54do] #olstan ke A Bt
(Turvey, 1996). 28y EA|E €02 1 3 F2+
—J—X] Z}(dynamic touch) A3l A 1 e}dAl o] A ZE o]
AR T8 549 B4 A e ditstE 9
H teFet Aol a7H 3 V1% St tH(Zhu et al.,
2013). st F& A4S s T8 =4 T v
B3 shue 27t o9 A HES $ A (where) 2 +
& 4 et did olslE E3F(Lederman &
Klatzky, 2009)38FaL $17] wjZe]t}.

A 8] of = FEo A Ap5o] o] FolH Tl thg A
o] o]Fojd uf, theket 84 FolA oIt] (where)<l
V78 AR ete AL 294 FEE VAT EVIE(HE
ALA|, wpol 2 A, XY LA, FIYLA) ] A
Rzl 9fgf o] Folxth(Barrows, 1915), 53] 71
e ¢ o9 A (the cutaneous sense of
pressure)7} W% FQ(Witt, 1975. Wolfe et al.,
2008) ¢t Ao= delA e, ol2le ket #ds)
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o, 954 &7t A9 ARE AF Ho] & Weber
(1834, 1978)9] A= 7+7H(The Sense of Touch) A+

3 A5 ol & AAdte w83 540
Eole EAE RFol7l Hg FoEA9 AY
(resistance to forces acting on the object) ¥4t ofu g}
] -0 7}0117‘1 9 (pressure) & FAE o] FolXint
£3], Weber (1834, 1978)& 4|9 A&
A 108 AZE7] wol FA A2 35 g
g 27 7lselga Hekgla, YobrkA Stevens &
Rubin (1970)& d&e] 5 & o F37} AR =2H
ol &= Ux(density) & FFd AL 4ES Fo F
AlA| Zto] ‘%‘C’le/}

2}
z——rO] D}TOVW 2313 it (Amazeen & Turvey,
1996). ©A| TelA, ol AT o = '”37} Atk
(Millar, 1976, 1994) & Z53%5% = A0l
o}, kst oo sl dst= <ol 7&:1 EZJH e
2|2 ZF &k 229 7] (amount of pressure) gk of
Yt 95 2 JEE 5 A=9 EE(pressure
distribution) $t= ¥4 (Shaw & Turvey, 1992)7} i
= Aol A2 7] otk YolrbA Fde FEoE
Al e s 28k 2159 A7) XA FEo o
44 714 (dominant modality) & ] (Ernst
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Ase FAez @ A9 22 o Fenlg @47}
A& Zi"]r/} olg|g /M & v o s B Ade
< A 5o FAZ(haptic)d & #

(kmesthetlc) A =9} 9% 247} (cutaneous) B H7} 2
< AW s T e TR RH(Stevens
Rubin, 1970: Weber, 1834, 1978) ¢o|&& A43}+=

AE EHA 07 =95}7 %S‘E‘ﬂ(l\/ﬁllar, 1976, 1994)
FEs ool Boithe SHdA B2 77 Sle Ao

> e Y Jﬁ &ﬂ

2 7ldgd,
AT
AT HARE
& A7l Fofste ATiEAE -3y Aol
Sl 27e A A tet Aol gl F 20
B)& o R skt BE ddae 2 S Ale
°of flom, dAeid AT 4

Fae9999 59
(SNUIRB No.1509/002-002, ethical standards of
the 1964 Declaration of Helsinki report ID
20481572) stoll AW X E A g F Ao Fho]

A oM ¥ =i

AR A 2 AT A s A7 H A FAl=
T2 e FE /e At 94 e (R
I i T0~110% Aol el A A5 = 2 o2 UEhd)
A& %2& a9l el A 1 EAol A=(54)
o] 7}l A& W 1 Aol Zhellzl 91X 7k oY 1A ek
st Aol tH(Turvey, 1996). AFtldAE ARl AA]
2] Z‘.Zioﬂ utet A S A&, A8 st Al H 2t

= A4 A (Figure 1).

AY A% 4P DA ATHIAZAA B A
A el & Ao AT AR AR G4
B0 AR E AT AUl 3 H5) B
el The N A =

(H7 LZFLZWF) 3 283
et HEE = e QD”LEH (Zo] 40cm, X—Vé
lem, FA 180g)¢t ¥ (A4 6.35-6.67cm, F7:
56.7-58.5g, &8 254cmEeldA 3B E B}d-—i
Hoj S uf 135emo] A 147cmo]3H7kA] Fo] o2&
E) S AHS stk Al A o2 At oA det &
A(F)E AT =F Yol Hojemd uwf A4}
Abe] e Bz wAY (ie., rectangular desk) ol &
A (s Has) vEdA s HE A 9
215 Ye7] el A7 23 e =79 5L
St %8 (degree), 29t & (length = 40cm 2 A2

9 A A FA7F Tk, "olA = & AUl EAE
= 5&% “WiTH A 4 ]@% =0](30cm,
20cm, 10cm)$F 18] (30cm, 20cm, 10cm)oll A FL gt
é.\z‘::ﬁ]r A2 oA =5 273} st th(AREA 23
).

Fig. 1. AEA M PC = ZH %LWE‘IE
& Z(right hand — PC2)z} H11(left hand — PC1)Z. C
= BEY|, AY T+ = cugtom-made wooden frame (40
cm, 1 cm diameter, 180 g) (Al&dgh AkT),

o1& (lines) =l &

W2} 22 73 (N[-Labview), W EZ35 (metronome) &

o] Bz Ao} AFHE %E A4 (T-Nest-vso300A1)
g &8st A W o2 $5(30cm, 20cm, 10cm)ell
e e ( lmpulse o] Aol & BRIl on, 59] &
U3t FFo 7 A 2HNME SeFo] AFhAA}



o EA74E AFde o] HA FEF AT
(NI-Labview Al 28l 0 2 243 A& t}2 o] 27 (3
o) s Bete T4 p=.856).05). AT I
ot BEAVE Bl AEH = e EAY ES T
A 9 AE TR ARle] E1 gl Hlof
EA7 A& e & &T8 B3 A g2
A28 AAA A (Shwa & Turvey, 1992)& ©]&
ato] 1 A - & 4%

& Kim, 2014) % & Jvte A< vt ez sha ot

g4 A4 (Coefficient of restitution): %2 d<
FolA AZFESt 7Heil A () o 2H EEF

°

L

G

(p:mUZ m=7§&, V:‘/:Y‘?E)—O/] %i}( Ap:mvz—mvl)

J= / Ath = Ap = mw, —mu, (2)
t
F4 (202 ARkel tht A FA& AR([1)F A2
t
22X, $4%Fe] 29 $EF Wyt avke S )
s gk &, Aol 5T W) FEFL S0 MR
PR, S27h MErS FAFE AAA Hed), o
t FEee B9 3B AT AUssd W
(U *uz/v — U )3"]' 71:1'% %E]Eo]:o] %‘3}
- (3)
°- Ul — Uy

714 Toet thFojo & B2 FE A3 7
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Fol9] Hlgo| £ v &I thE7]d|, o] & £&e H]
2 Yehfig¥ F58ke EA7F A sk o

Ao L] BAE aesfoF gt

u? =0+ 2ghdnu‘n i '.'ul = Qghduwn (5)

0 :ug +2gh,, = couy, = —/2gh,, (6)

Ao T4 (5.1, 5.2)9 ostdl 2A49] T A dh &
= (u} )& 0914 2t gt el Fola, BAe] F& &
Al S=(u3 )= 00l A 2= 2ol 7} ATt w2
AA AN E FE A5 S5E g0 483
ele gz, 933 FoldN BAZ Agdet A

=
£330 ATl DA £2(3)
mE 3o BEE A A7) 242 5l v o
Q

13 240] F45
-

ol
2
O

go] AXdE 9

s ° ]
(constant) 2 & w] EA| & &0 # F4]Z0 257 2
=z

¥ (pressure distribution (I
(Amazeen & Turvey, 1996

ﬂ? =
g
AC)
=
ry
)
ol
S

I= Emﬂ? ,I= /r2dm (7)

27 F4](Center of Percussion): E7(F 9
el g pES Eorn An S, 24 e &
=
=

1 )& 2] 413 (origin at a center of rotation
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99| (Figure 2049 @3
Aol A MM &
Y A FA7A 9 Al 95
ojojA] EA|9] FAdL 3 7
& aske Y ol A¥EEY F
(fx=1/3m1?)°l dF3cha & 5 3it}. A
’\5}3}71 w"%ffﬁ ‘:?ﬂ A7 Q‘Q—T—E 7hrabd 919k

ol of
=
o

AT ZEe B39 A7) A (SE £4): 99
T Aol (e = coefficient of restitution, I = pressure
distribution) & MO 2 2=59] Ao w2 2|7t
AT 7P AT el whE 2] 7ke) H 81}

Mg AHEgslzl f8l AUl = (Relative
Frequency = P,)& 2439t}
1
P =lim— 1 8)
T Ny 1.,.§X”"’—]

Cross sectlonalH EAA A

= product-moment correlation coefficient)¥} #AHE
9] -5 (ANOVA) S 53l o] FoAA . B4 +4<]

$9 22 05000,

AZe) st B 2E ZHA AL E4): 2
%7

=9 AUAEQl SAE LolRr] A3 AR FE
(Conditional Probability = P(AIB))
_ PANB)
HAIB) = —F= PB) >0 9)

3} Stochastic Z2A| 2 nl2 32X # 2l (Markov Chain)
< 48319

=9 0I(=HE 2M) &1t

2 Al (e) 2 B oE e A=< A7) e FA 74
A=A AL, &4 Al47F 2(H3=heigh level 3) A%
49 a7t 71 Sa(Absolute error size: M
2.12, SD = 0.69), =7HH2=height level 2)¢1 7
(Absolute error size: M = 2.73, SD = 0.55), &
(Hl=height level 1) 7 7} =2 (Absolute error
size: M = 3.61, SD = 1.09) A& JehKFigure 3)
SAA SR fou|e alo] & E-N\ (F(2, 71) = 26.951
(p € 0.001), (Pearson Correlation R = - .61)]J.

A BE(DE BoJd AFZHYH HE A
w2 27t 93] G2, 59127 W (D3=distance
level 3) 45 49 A7k 7Hd S 3 (Absolute error
size: M = 2.07, SD = 0.51), F3HD2=distance
level 2)<1 7-%-(Absolute error size: M = 2.75, SD =
0.83), 7Mh&((D1=distance level 1) A% 7H¢ &
(Absolute error size: M = 3.63, SD = .98) A 2.2 1}

o 4o 1
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Fig. 3. =0|(plot of the left side [€]) 2t H2l(plot of
the right side [I]) Z=zdofl g & Zonf. J2AZ =
from the different heights order, Pearson Corrdation R =
- 61 (green ling]. ORIRQEZX = from the different

distances order [Pearson Correlation R = - .63 (green
ling)]. Marks = error size, shade and variance.
Bt BAZ0E folulg Ao 2 HYTHFE, T1) =

28,865, (p < 0.001), (Pearson Correlation R = -
.63)].

Table 1. O| ¥ 2ALEA I Dependent varisble: error size

df M. S F Sg.
Parameter 1 .002 .007 934
Level 2 17.388 51.427 .000**
Para* Leve 2 423 1251 297
*p<.05, **p<.0L

Table 2. O|2IEAHEA E: Dependent varisble: variance

df M. S F Sg.
Parameter 1 .396 1525 224
Level 2 6.350 24.424 .000**
Para* Leve 2 547 2.105 135
*p<.05, **p<.01
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(level=3)o] A& A= AFste T2 U=
g & bt F 2 mE e e B
2] @A T Table 1, 2 (Two-way ANOVA, Crossed
design) #1) F4E F2 291 7k Azl LA12
ol 7] s =AF FE 9 Mol & (P h+1)]E AL
st ®A, 84 ATt SUHE e RN EoEe 34
o] 9x(Averaged absolute error size = 4.48
(Distancel: 1.89 = low 4.74 — high 2.85, Distance
2:1.59 =low 3.58 —high 1.99, Distance 3: 1 = low
2.51 —high 1.51)]¢ A& A M o] SAlFAA HojH o
2H 7= F49 2 Averaged absolute error size
= 4.64 (Heightl: 2.23 = near 4.74 - far 2.51,
Height 2: 1.07 = near 3.28 — far 2.21, Height 3:
1 34 = near 2.85 - far 1.51))= &A1) 914 Az
Aol frARRE 2712 719 shgldt.
7L Y E o] Ak A3 JF A -] $4E
o 77k 274 & AG7E B2 Z-$(Absolute
error size: blue line M = 2.85, SD = 0.52), $7kl
73 $-(Absolute error size: green line M = 3.28, SD =
0.42), ¥ 7-$(Absolute error size: red line M =
4.74, 8D = 0.67) = F3 9] A7t Yetsth, 3% A
o] FAF FA UM FEAFTE =2 A5
(Absolute error size: blue line M = 1.99, SD =
0.37), ¥=7F1 7% (Absolute error size: green line M
=2.69, SD = 0.26), %< oT(Absolute error size:
red line M = 3.58, SD = 0.77) & F% 2] a7} Vet
Utk AE 2 Ao 2AZA] W 2764 B4 A7}
=2 7% (Absolute error size: blue line M = 1.51,
SD = 0.32), &1t 73 5-(Absolute error size: green
line M = 2.21, SD = 0.32), %< 7 -%(Absolute error
size: red line M = 2.51, SD = 0.26) & F4 <] 227}
1832074
E3 (Figure )& 53l & & A= A 2o] 24 F
o] Bt 7P BE a4 AlST geA v g H &
A M o] FAFelA A= 7 (Red line: H1+D3 =
Absolute error size: blue line M = 2.85, SD = 0.52)
7} '3 Alg7E wE et HEA R 0] FAFAA 7k
A& 7-%(Blue line: H3+D1 = Absolute error size:
red line M = 2.51, SD = 0.26) Bt} Jdjg o2 o #
< 349 eAE BoY. FYd 2712 25t o
o] A7)} FxAA ARAAA B 4 HshES
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g
=
ro
o

H1_D3 H1_D3
H3_D1 H3_DA

Cumulative [x]
=
Cumulative [¥]
=

e
=1
o
=1

25 50 00 25 50
X_size [a.u.] ¥_var[a.u]
Fg 4 SYsH =73kt #i gtol F8 H|u(height
vs digance). 112 2% = the rdaionships between the
densty of the error Sze (data double plotted kernd density
function) according to the two sdected combinaions
(H1=height 10 cm and D3=digance 30 cm, H3=height 30
om and Dil=digance 10 om). 12 2LEXZ = the
reldionships between the dendty of error varidion (data
double plotted kernd dendty function) according to the
two odected combingtions (Hl=heigt 10 om ad
D3=digance 30 cm, H3=height 30 cm and D1=distance 10
cm).

o
o

e e #AVE =2 Ao E YEyT
ol7ba | wdet A7]9 Hgle ZFshd F 21
w2 A F3 9] W3}l A = (transitional probability)
£ #E A3 (2-state) B F A ] FAFA Holzl
7B%(H1+D3) 24 574 7P Aol & (transition
rate)©] 7P 2 o] FolAl = A& Vet

Oife A

(\ plE. A

piE-—EB}
A 2)

B

plA+B)

P, (n+1) (P(m—a) P((L<—b)) % (Pa (n))

Pb(7b+1) - P(b—a) P(b<b) Py (n)

Fig. 5. olZ=2 xfol TAID} ZkA|(probability distribution
vector: vector and matrix notation).

Table 3. 0| =& P(xi) = Probability Markov chain modd,
component notation

- Error_size Error_variance
Condition - - - -
Height Digtance Height Digtance
1(10cm) 22 22 21 21
2 (20cm) .16 17 A3 23
3(30cm) 13 11 .16 .07

Note: Percentage of occurrencesof that outcomein the setistical ensembleis
given the vector & matrix notation.
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A9 2] &3 dubH o o7 EAY 3R
E(hefting or wielding) 419 ¥4 A7} (heaviness)
& 229 3= (power function of weight) A& Z7}

Bia=y
v = K’ (11)
AR, Y FEUA T A A4 EAY F
I (volume)ol w2} thZdl(log & AR 7
Stevens & Rubin, 1970),

w=K—glogV (12)



A A4E Ayste dAA Edo] B9 A&
(m)& B &0l 2 249 Az #AE 34 34
(rotational inertia)¥%= TA 37| wjEo]th(Amazeen
& Turvey, 1996).

I=mx(em — o) (13)

5 24E 58 FA Aol EAY AF(m =
mass) ¥ ol EAE Fxn e dHFH(o =
location of rotation point) . 2HE Yx|a+ A (e =

AFo2HE dod5E o 2 34 € (inertia
tensor) = o7l ¥ Ao A3

A, = pressure X (em — o0)? (14)

A=s T AR A7 e ol dEe| A7E oy
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Alel] FBE Hrolgo] X HA| b= 45 AdA 714
o whe} Wol 7k 7 WAl 48 A7 3 (modality) %
o= FAo HiE HAg et A o] Uth(Emst &
Banks, 2002). " 149l o7 U3t dFe] &
A o] A 7F 53] (volume) W 27| (size) 7} & A& 2 A
B} o £ A 21 ZH(Visual Size-Weight Ilusion) 3},
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o 71 o] 349l EFA A (sweet spot) &2 YEIUY= 5
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H(Solomon & Turvey, 1988; Carello et al., 1999).
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