REZHI5% 63 : 583-594, 2018 583

PRIERES VS —ICBITBR Ty TEHLE
EDREAME DML DRAR
b

e B

Fumiya Tanji' and Yoshiharu Nabekura’: Relationship between longitudinal changes in step parameters and run-
ning economy in well-trained distance runners. Japan J. Phys. Educ. Hlth. Sport Sci.

Abstract: Step parameters are associated with running economy (RE), but the relationship between these longitu-
dinal changes remains unclear. In the present study, we aimed to clarify the relationship between changes in step
parameters and RE at intensities below and above the lactate threshold (LT) in well-trained middle to long-dis-
tance runners and to acquire knowledge applicable to coaching. A total of 29 male university students training in
distance running (age, 19.4 + 1.0 yr; height, 171.3 £ 4.5 cm; body weight, 57.1 + 3.6 kg) participated in the study.
Participants performed multistage incremental treadmill tests to measure step parameters (ground contact time:
CT; step length: SL; step frequency: SF; leg stiffness: k,.,) and RE before and after 4 months of training. Since the
LT speed of participants was 16.6 = 1.1 km+h"', intensities below, near, and above the LT were set at 13.8 and 15.0
kmeh™, 16.2 km+h™', and 17.4 and 18.6 km+h"', respectively. No significant relationships were observed between
changes in RE and any of the step parameters at intensities below and near the LT. Moreover, although no signifi-
cant relationship was noted between changes in RE and both SL and SF, there was a significant positive and nega-
tive relationship between changes in RE and CT and k,,, respectively, at intensities above the LT. Changes in k;,
showed a strong negative correlation with CT changes at each intensity. It can be concluded from these findings
that shortening the CT improves the RE for high-intensity running and that this variation is partly attributable to
the improvement in k.

Key words : ground contact time, step length, step frequency, running economy, leg stiffness
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al,, 2007). CORMTGEE, ACHLENERE
NBETLICK>THETEZR=XF A4 EDT
L— WS IEHEICFHMECE 2 ET IV TH S L &
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IZxg % sLT DsifE & L THEBE M.
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Table 1. Mean (+SD) changes ratio in mass, physiological variables and step parameters.

December March Change (%) Effect size

Body weight kg 57.1+3.6 57.9+3.8 14+1.3 0.22
VO,max mL-kg'+min"' 70.7 6.1 68.7+5.5 24+72 0.33
sVO,max km<h" 19.9+ 1.1 19.6+0.9 -1.0+4.4 0.23

sLT km<h'' 16.6+ 1.1 167+ 1.0 13+5.1 0.17

LT %VO,max 83.5+49 85.4+48 25+6.7 0.39
RE13.8 keal-kg ' +km' 1.03+0.05 1.03 £ 0.06 0.0+5.4 0.02
RE15.0 1.05 +0.05 1.05 + 0.05 0.1+4.8 0.05
RE16.2 1.07 +0.05 1.07 £ 0.06 0.0+56 0.01
RE17.4 1.09 +0.05 1.09 £ 0.07 0.3+6.6 0.08
RE18.6 1.11+0.06 1.10 £ 0.07 0.5+6.7 0.11
CT13.8 sec 0.217+0.013 0.217 +0.012 0.1+3.0 0.03
CT15.0 0.208 + 0.011 0.207 +0.011 0.4+3.0 0.10
CT16.2 0.197 +0.011 0.197 +0.010 02+2.7 0.02
CT17.4 0.189 +0.010 0.189 +0.010 0.1+2.1 0.02
CTI8.6 0.181+0.010 0.181 % 0.009 0.0+26 0.02
FT13.8 sec 0.122+£0.014 0.118 +0.010 20+11.2 0.28
FT15.0 0.126 +0.012 0.124 +0.010 -1.6+82 0.22
FT16.2 0.132+0.013 0.129 + 0.010 -1.9+84 0.25
FT17.4 0.135+0.013 0.132+0.012 1.7+5.7 0.21
FT18.6 0.137 £0.015 0.135+0.012 -l4+6.1 0.17
SL13.8 m 1.30 +0.05 1.29 £ 0.05 S11+32 0.30
SL15.0 1.39+0.05 1.38+0.05 -1.0+2.38 0.29
SL16.2 1.48 +0.06 1.47 £0.05 -0.8+2.8 0.25
SL17.4 1.56 = 0.07 1.55+0.06 0.8+2.0 0.21
SL18.6 1.65 +0.07 1.63+0.07 0.7+1.9 0.18
SF13.8 Hz 2.95+0.12 2.99 +0.11 12+3.4 0.29
SF15.0 3.00+0.11 3.03£0.12 1.1£29 0.28
SF16.2 3.04+0.12 3.07+0.12 09+28 0.24
SF17.4 3.10+0.13 3.12+0.12 0.9+20 0.20
SF18.6 3.14+0.14 3.17+0.13 0.8+2.0 0.17
ki, 13.8 kN-kg' 8.74 +1.21 8.85+ 1.06 18+78 0.10
Kieg15.0 8.64+1.33 8.81+1.14 26+76 0.14
K, 16.2 8.74+1.23 8.86 + 1.09 0.9+79 0.11
Ky, 17.4 8.69 +1.28 8.79+1.17 1.5+6.0 0.08
ky,18.6 8.67+1.42 8.74+1.20 15+73 0.06

! VOzmax, maximal oxygen uptake; s\‘/Ozmax, speed of maximal oxygen uptake; sLT, speed of lactate threshold; LT, lactate

threshold; RE, running economy; CT, ground contact time; FT, fight time; SL, step length; SF, step frequency; k

B U, X7y 7T, CT, M2 (fight
time: FT), SL, SF XU k,, ZaHii L7z, CT &
g D8 AT v AARTAR) ODEAT Y
TICHBTB b Ly R I)UICHERE O EH L T
W57 L— L#% QuickTime Player 7 (Apple Inc)
ZRWTHENS RS, TN b OFHED 5K
M (sec) ZHIM L7z, SF (H2) &1 A7 v 7H
OEMH ST 5 9 ATy THOBEME TDOT
L— LB B (sec) Z23K&D, 1 AT T4z

e 16g stiffness.

D DOIFERER ORI X > THH Uz, SL (m)
BTV ETIA=Z—IcXo>THEE N -
Ly FIIVDAE—RMS SFERRTZ EICK-
THH U7z, FT X SF DML S CT ZWET %
Tk THEHMLE. Kk, (kN'm") (& Morin
etal. (2011) DAHEEFNT, RAAERNENK T
(Fzpe) WX 2 FRRAZN (AL) ICX > TH
Mi7z, ZNZhORIBRIEILLTO@ED TH 5.
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21281, Pearson DEIZRFHBREZ VT O Hr

Uiz, £ 12 HE 3 HOflz KT % 72018
W& (effect size) 7 Cohen (1988) O Ji£7 H

WTHEH L, Lipsey (1990) ¥ X U Sawilowsky

(2009 DA —IUIC &> TR LTz, LTz > C,

d 71 0.00-0.19 D & E very small, 0.20-0.49 D & &

small, 0.50-0.79 ® & & medium Z LT 0.8 L LD

& & large & HIWT L7z,
n #% %

WelE ORE, EHENEBBIUCRT Y TE
Bo12 HEXU 3 HofE, 12 AN S 3 Hichg
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{RH, \.702max, s\.IOZmax, SLT BX U LT D21k
RIFZNTN1.4% + 1.3%, -2.4% + 7.2%, -1.0%
+ 4.4%, 1.3% £ 5.1% BXT 2.5%+E6.7% THH,
ZFN5 D effect size (& very small F 7213 small TH
o> 7z (Table ). %7z, RE, CTH X Uk, DE
{7271 effect size (& T X T OMMBHRAEICIHBNT
very small TdH > 7. FT, SL BX U SF DZE{b7Z
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Figure 1. Relationships between the changes ratio of ground contact time and running economy at each running speed.
"a,13.8km-h";b, 15.0km+h"; ¢, 162 km+h"; d, 174 km+h"; ¢, 18.6 km+h ",
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Table 2. Correlation coefficients (p value) between the changes ratio of running economy and flight

time, step length, step frequency and leg stiffness at each running speed

km+h'' AFT ASF Aky,,
13.8 0.11 -0.02 0.04 0.10

' (0.58) (0.90) (0.84) (0.61)
15.0 -0.03 -0.08 -0.05

' (0.88) (0.67) (0.68) (0.82)
162 -0.05" -0.08" 0.09° -0.01"

' (0.81) (0.69) (0.66) (0.95)
174 041" -0.03 0.04 -0.42"

' (<0.05) (0.88) (0.83) (<0.05)

186 -0.52" 0.12 -0.56"

’ (<0.01) (0.56) (0.53) (<0.01)

T n=28; ',p <0.05; ",p <0.01; AFT, changes ratio of flight time; ASL, changes ratio of step length; ASF,

changes ratio of step frequency; Ak,,,, changes ratio of leg stiffness.

ZTNZENOEAE—RICBIT S CT DE{LE
(ACT) & RE OZE{bH (ARE) DEE% Figl 1<,
FT O Z bt % (AFT), SL ® 2 (k% (ASL), SF

DZELHR (ASF) BX Uk, DELFE (Ak,) &
ARE D% % Table 2 1< L7z, 13.8, 15.0
BX U 162km-h" I BT ACT & ARE D [EI

BERMHEEREED SN G- (FREFhr
=-0.09, 0.07 BXT0.00;p>0.05). —F, 174
BX U 18.6 kmh" I BV THELIEDOFBIE %

MRHLNE (ZFNFNr=043BXT 051 ;
p <0.05). AFT B X U Ak, & FIFEIC 13.8, 15.0
BXU 162km h" ICFBWT ARE & DRICHE &
HEBRIEED SNiaho Tz (FNEFNAFT @ r
=0.11, -0.03 3 X U'-0.05, Ak, : 7= 0.10, -0.05
BRT-001;p>005. —F, 174BKXKT 186
km*h ICBOTHERADHBBGRIZRD 5Nz
(ZNZNAFT . r=-041 BXT 052, Ak, :r
=042 BXU 056, p<0.05). —J5TC, ASLE
KU ASF T ARNTOEAE— FIZHBWT ARE &
DOMICHEZMHBBGENED b NEh > 7.

ACT & ASLIFTXRTOERAE—F (1338,
15.0, 162, 17.4 B8 X U 18.6km*h™") BV TH
B AHRRRIEEED B NT (FNEFhr =-021,
0.25, -0.18, -021 8 X T 0.15;p =0.27, 0.19,
0.36, 0.28 BX T 0.45), [FIERIC ASF &I XNTD
EAE— RIZBWTHRESHEBEBERIEES bk
holz (FNFHr=020, -0.26, 0.18, 021 B X
U -0.14;p=10.30, 0.18, 0.36, 0.28 IBX T 0.47).

ZTNENOEAE—FICBIF S Ak, & ACT D
B % % Fig2 I, Ak, & AFT, ASL ¥ X U ASF
DIHBIFREL7Z Table 3 1IC/R LTz, Ak, &9 XTOD
FEAE—RIZBWTACT L OICHERADRH
BBRNED BN, AFT & ORICH =7 EDH
BN ED 5 NTc—)iT, ASLBXTASF &
DRICA BAHBEBRIEEED 5o 7.

B DR DZAE# (ABW) & ARE, ACT,
AFT, ASL, ASF ¥ XU Ak, DI BB %% Table
412,k L7, ABW & ARE 35 & U AFT O RIC &
FTARTDOEAE— RIZBWTHEHBEBEGRD
BOLNIZMo T (p>0.05). ABW & ACT
XU Ak, ODMICIE 162km-h" ICBWTZNZN
FREEZABIUTCEOHBMBEGRNZED N (£
NZNr=-0488BXT059,;p<005 DD,
ZofioEAE—F (138, 150, 174 B KT
18.6km+h") ICHBWCIHESMHBEBEGREIRD S
Nixh -7 (p>005. 138X T 174 km+h'
IZBWT ABW & ASL DOMIC I A E 75 1E DB
Bk (ZNZhr =041 BXT 0.40:p<0.05) A,
ABW & ASF OICITAZREOHBEREGR (Zh
FNr=-0413BXU-041:p<005 HREDS
NizEOD, ZOMDEAE—RIZBWTIFHEE
IRAHBERAERM RS S Nah o7z (p>0.05).

v & &

ARTRIEHMC S L—=2 T 275> TV 5
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r=-0.98
6.0 p<0.01
n=29

ACT (%)

g
5
2-200 -150 -100 5. 100 150 200 250

0
Akleg (%)

ACT (%)

5.0 8.4
Bkleg (%) Okleg (%)

Figure 2. Relationships between the changes ratio of leg stiffness and ground contact time at each running speed.
"a,13.8km-h";b, 15.0km+h"; ¢, 162 km-h"; d, 174 km+h; ¢, 18.6 km+h ",

Table 3. Correlation coefficients (p value) between the changes ratio of leg stiffness
and flight time, step length and step frequency at each running speed.

kmeh™ AFT ASL ASF
138 0.70" 0.31 -0.31
: (<0.01) (0.10) 0.11)
150 0.57" -0.14 0.14
’ (<0.05) 0.47) (0.46)
162 0.70" 0.23" -0.23"
: (<0.01) 0.25) 0.25)
174 0.65" 0.33 -0.33
’ (<0.01) (0.08) (0.08)
186 0.817 -0.06 0.05
’ (<0.01) 0.75) 0.79)

Te n=28; *,p <0.05; “,p < 0.01; AFT, changes ratio of flight time; ASL, changes ratio of
step length; ASF, changes ratio of step frequency.

Table 4. Correlation coefficients (p value) between the changes ratio of body weight and running economy,
contact time, flight time, step length, step frequency and leg stiffness at each running speed.

kmeh"' ARE ACT AFT ASL ASF Ak,
138 0.24 -0.08 0.05 0.32 -0.32 0.24
) 0.21) (0.69) (0.78) (0.09) (0.09) 0.22)
150 0.22 -0.05 0.08 0.41" -0.41" 0.19
’ 0.25) (0.82) (0.69) (<0.05) (<0.05) 0.31)
162 0.07" -0.48" 0.24° 0.34" -0.33° 0.59""
) 0.71) (<0.05) 0.22) (0.08) (0.08) (<0.01)
174 0.07 -0.15 0.09 0.40 -0.41° 0.35
’ 0.72) (0.44) (0.63) (<0.05) (<0.05) (0.06)
186 -0.01 0.24 -0.03 0.24 -0.25 -0.05
’ 0.96) (0.20) (0.88) 0.21) (0.20) (0.80)

' ! n=28; *, p <0.05; ”, p <0.01; ARE, changes ratio of running economy; ACT, changes ratio of contact time; AFT, changes
ratio of flight time; ASL, changes ratio of step length; ASF, changes ratio of step frequency; Ak, changes ratio of leg
stiffness.
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HEREES o —7Z2 05U, FHEENERB KT
AT TR OREWINZAL 285 U Tz, Z ORGE,
WeliE BROKE, EHRNERBIUCRAT Y 7
ZRDZAIE very small F 721 small Tdh - 7z.
AW TIE 4 DAD N L—= FHAMRIRIC BT
BEERFHM LTz, ZDOWEO ML —=2 7
A TRbiholz. ZDkD, TXTOHER
FICHBLZERBHBNT, £lz20Zkd
bINTh-olzEZILNS.

1. CT & RE Ofit#rrZ L DEIR

CMNETCT & REDEWMEAGRZHIZEL
MR L > T, MOCTRENZREILEST
% LM E N T Z 72 (Anderson, 1996; Hayes and
Caplan, 2012; Santos-Concejero et al., 2013, 2014).
LA L, CT & RE Dty Z{L oafRIC BN
TIE—HLERMHIEENTEST, HEkE
DR Z A L7205t D 5 B, Paavolainen et
al. (1999) & CTAEIfEL, REMm LT &
RSO TV B —77, Millet et al. (2002) B X T
Spurrs et al. (2003) & CT & RE OZ (LI %
RO TRV, AZEOFER, LT Z#8 2 &V iR
g (13.8 XU 15.0kmeh") X LT {356
(16.2km*h™) 123V T ACT & ARE D RICH =
BRI ED NG > Tz DD, LT Zil
Z2%5E (174 BXU 18.6kmh") ICBVWTHE
FIEOHBMBFRMED BNz, DD, LTLUT
DIRE TIE CT & RE OMEWTAIZ LI BE D R0
—7, LT A 2 E T CT WEMFELET >~
F—IZ EREMA L LIZEREN, HBHREIC X
S TENTNDEATHRD Rtz R4 1R
Llxofe. THIC Ak 1, TN TOEHFREIC
BT ACT L ORI EDBIHEARED b Nie—T
ARE & DRICIX LT Zi8 2 28I BV TDORIC
BOMENED SNz

CTOX D HEEEREICK S CT & RE DO
BEWVIZTOWTFHAED, 017) &, EfrH O
D £ - JfEY 4 7 )L (stretch-shortening cycle:
SSC) IS FHIET L F—DRFK « B 72 5
K LTHITTD. @WOEIFRE T, KuiE
BRI LERT, CT A < Dzt & i o e B

i

RS EAREDNAKEED, BHEfioTFv>
[NUREZATS ¢ i -3 IV o8 SRV EZ473]: S Tl I 4
MRELIED (XFIEH, 1998). ZOFEE, X
DR E T 3V F— DK « AR
TN, @WEBITRE T CT A RE DEHICHE
T B EHREINTNS.

X 5T Bosco etal. (1981) &, EfTHOTIF+
VRO IS aAVEY Yy I ADBITRRY
(coupling time) DEIHHIC K o THIDIEFERRN A
KU, F7 CT DM & BN/ REICEET % &
WELTWD., HEPEEORICE B 7R Fz,,
BRI 27280, XDREZMHOMEHME, DX
Nk, LR LZEEZ BN, —/4, CT
WEL &% itk xoVF— DR - EHHAN
L&D, HOWWmMREBIT 578, T3x)b
FFr—PELE ORI O A DFEE D F= DI K D i
HIEMEE 080D 5. EAY—ROHKICK
S THOWEINIEE AT % (Kyroldinen et al., 2001)
728, LT ZHZ ZBEICE W TIEE SICHED
MERKLUREMETI B LEZENS.

ABW & ARE &£ DBICIE TN TOEALE—RIC
BOTHENEDSNT, ACT BT Ak, & D
M ® 16.2kmeh" ZERS TR TDOEAE— RIC
BOTHHENZED bNEh o Tz, F AR
5N 7 162kmh" ICIHBEWVTH ABW & ACT &
U Ak, DBIRIE ACT & Ak, DBIR K D & 55
27 =-048 BXKT 0.59vs-0.98). Lizh>T,
REDOZ(IX CT R k, DEALICH 5T % A REME
WHZEDD, FOWHINSNEHRINS.
T LAACT & Ak, (3RS B L, & 31T ARE
ICHEE Lz &5, CT DR - IR k, D
ML XFCKZEDTHD, ZOHR RE Dl
AR % e E NS,

Dbz ehs, LTZBA2MEECENTIE
ki DI LY CT ORIHEHCBHEL, RE O FICH
BRI ZATHEMED B B DY, LT LR OREICHBWNT
3 RE DZLICKE R EZRIETE T, HIEWK
BENR e NEh > eEZBNS.

2. SLB KU SF & RE DA Z(L D%
CNFETSLIBXUSF & RE OREWHIEI R % 3
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HELEMRICEK ST, FWSLIBXTEL SFH
BENTZREICEH G595 L5 S T & 7z (Cavanagh
and Williams, 1982; de Ruiter et al., 2014; Tartaruga
etal,2012). LML, #WrEBIRICBOTEW
SF (F7213%8 W SL) NDZRIC & > T RE A
Flfec ez Uicmid, T4 DM 3R HIE;
FNIC SF 228 B &1 7= de Ruiter et al. (2014) DHF
HORTH->Tz. 4 hHOHMES I TAT v
ZER & RE OMEBINZEL O BIMRZ T U T A9
DOFER, ASL BX U ASF & ARE DRICIZTRT
DFFHFELLIC BN THREIHBEBGRNED 5 ik
otz FBEIC, ASL 5K U ASF TN T D
HEREIC BV T Ak, & DRICEBEDRED 5N
Thoiz.

Cavanagh and Williams (1982) &, HHIZETT
L7z SL (A SL) & HERTHE SLICHBL
TREDPRLENTVBE T EZHRELTOBEH
ZDREDERZHOITHTHD. AWIKTIEHL—
VTN AT IRb RN o228, SL - SF Ot
Wiz i/ hE <, ZhiRE & LT very small
7zl small TH o7z, ST & ETIC T
LiEREfabiholiz, WIThoificE
WTEHMSL TETLTHED, KEL REIWCE
B lxhholzbEREINS. FRIC, F—AE—
FIZBWTETHO SF 2B E & & ED k,,
7237 U7z Farley and Gonzéalez (1996) I K% &,
SFDHIRICEK > Tk, EHKTZEDD, ZD
ZERIZ/NE WV, hIZ T Morin et al. (2007) &,
SF 22t T8z L Dk, DELHRE CT 24
xRz E XD E/NEL (y=131x+13.5 vs
-3.19x-0.59), ZORFEMEEHNT EEZRL T
% (1 =0.47vs0.90).

SF 7z HIRFIICE T X B/ & &, ASF & ACT I
EEREEADHBBEBZRIED 5NS (Farley and
Gonzilez, 1996) 7%, A% Tld ASL 8 K T ASF
E AN TOEHGRZIC BT ACT & DRI B
NRBLENEh-Tz. DFED, EMHNEZETH
DHEMEITTIE ASF & ACT 1B U7 & HE%e
EN%. —/TABW & ASL B K U ASF & D]
I 150 BXU 174kmeh" KBV TZENTNAE
BEREBKXUAOHBEMGRNZED SN, 2ot

DEAE—RICBNTEAEETERNEDD, 13.8
BXU 16.2km-h" TlXBEE T (p <0.10) W2
HoNT. DFD, KEMNEMLLES VT —IF
ESLWEL, SEAWNS LK RBHEAND S & HEZ
TNB. INSOREHRIE, SLIBXU SENCT R
Koy DHEWTEIZE LA DRI PEIE55 <, ZDERF D
1 DICKEOEIAHEL TV D L RBIN5S.
Dbl ehs, 3XTOEEREICENT
SL 35 X U SF OHMEMINZLAVNE L, Dk, &
DS CT &L L T8V 28, RE & O
NRBLENEh->TeEIENS.

3. HBADOTE
AWRORE, LT ZH A 5MEICBNTOH,
CT OFifEIC &> T RE DO EARH SN, LT
A ZMEICHBIT S REZENRT+— A &
DOBIEMN GRS, CT DFEMIC K > TENT +—<
VADWM ENHIAD D LHERE NS, £z, ACT
& Ak, DFNTIFIER ITBOBIHDEED 5N T
EMB, ke, ZIM EEEBTLICK > TCT Id
MidBLEZADBND. ke, (diI KEE MK )
(Fzy) ZHEHIH O TR AKZAL (AL) THR9 T
LILK > THIENS (Morin et al,, 2011). L7z
Mo T, Fzp WCWT % AL Z/NE L5 &R
HHN, TNEERT 2 7DISHHHZBELTO
BEHREAROME 2 LT85 N L—2VT®
Tzl D EEEANOWEDNEGN TH B L HEHET
x%.

ke 2] LEEZ M- T LT, T4
FARNV I L=V T (T4 FARY Y
) WEMTHS LHMENTWS (Cornu et al.,
1997). THUIEHR T OB AT« 7 F A%
M EEE57HTHSN, EHPREICK > Tk,
WX % PRI R 7 ¢ 7 % ADEBRICEWO DR
HENTWS. EITHOD k, (FEBIETIRT 1 7 %
ADEMBKENE DD, HEHEEEDEE B I
DN TSI AT« 7 X ADHEME KEL & D
(Arampatzis et al., 1999). — 3 Chv ¥ T HD
ke VEERENIREE DN E B ICONTEBI AT ¢ 7
FADEMMNKE %% (Farley and Morgenroth,
1999). T OEWVEERNCAKFE T OBINE E
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NTVENICEZEDEHRTES. LDk
W5 LT &8 2 %8I B % ETHO K, 216
FEREZTSAAA NI IALLT, UNTVER
Ty TRy IYy T o EEETTAN
DEHEOENT VT ¢ VTR HBRT &V
TEANCEITTANDET D TS A F A R 1 7 ZHhER
WTHBHLEZABNS.

e R T C O R X 75 e BT i A s 1, 2
BENc B2+ MUy ZicgT a2y
~V w7 OREET RV DK (KTFED, 1998),
TEDE K, MEKRL, SSCICBNTIOKRER
TV F — DR - BRIAICAESI TS,
HBIEH (2016) &, LT ZHZ 2 MEICIHB VTR
HCENEREE LT, B 2 BEin ey
BN TH B eZME LTS, EHICTRAIED
o17) &, FEHEREOHKICEEEL, e
e Tl 7% < HHR S T OEI TR ICEN
2T LERELTVS. DT NS LT Z3
Z BB BT 2 ETTH O Ky DI EZ2 4 EH)
TEE LT, BRI 2Rtz mAIc L, HEs
o Ht, 7 O% e REEIE L AHE 2 KE T
5T ENNRNTHZ EEZBNS.

4. HEDRR

—MEINC Ky W&, ETTHRD 1 AT TIB
2 E A O K ME [ 36 & USRI B0
BIAMZAIC K > THRHEENS (Arampatzis et
al., 1999; Farley and Gonzélez, 1996; Farley and Mor-
genroth, 1999; Morin et al., 2007) A%, AHF%E Tl
Morin etal. (2011) DJji%% MWV T CT, FT, {AH,
THEZRENSBBIC k,, ZHIN LTz, 207
B, Ak, & ACT OB — 72 A IEIC AT
R R TEAIREMED D O, FeFtE L &R o
K ICDWVWTB XU CT & DBRIC DWW T DR
WKHEEMRETHS. DFH, CTICAEENEL
THEHREPTKEDOZICE > Tk, 32T 5
AIREMEDN D 5.

UL, —ME75Eic &> THRIBE Nz k,
BN TE, Ak, & ACT ORHAEN T &V
HENTWVS (7 = 0.90; Morin et al., 2007). %
Diz®, k, DEMTIEIC K > TCT & ORFHEHN

i

L Eo DT ERL, F8Z8mEDOMICIZIE
HWICHRWEED S B L HEREIND. FTz, AW
DOWERZIL 194 £ 10 R EIZIFKEHLRETEH
D, FL—ZVImBTOHEDEIZEL, T
RS ZMNah Tz, EHIT, ABW & Ak, D
MICiX 16.2kmh" BRNTITXRTOEALE— RI
BOTHEAROENEMoT (p>0.05). Lz
Mo T, MESPHREDZICEK S k, DZ{EAD
WREITZTNIERELGVERHREINS. 2721,
REMOEF 235 & 2 5A RN &%
B1EA5.

AW THWIZRHRTEEIE L, CT Ok
ICK > Tk WAILET ST EIC/EBAY, Farley and
Morgenroth (1999) FEN Tk, MDENCTZ E
fodlEEMLTVS. DFED, k, DM L
MCT RS2 EEZENS. ZOO ML
—= VIR EIC K> Tk 20 EEFIC CT 28
ficE&oE95L, FHEAGDLETVD k, L
DA DO, WD X T D E 5 L H#E
WEND., LA UAWIETE k, & CT DEIEIC
DNWTHLMNMC LIz DD, ZDORFEEHRIEIHHE
IHIICE RN, ZORICIERAND 5.
SH% NS DORREBBRICOVTDE 55 HED
ROENBTEAS.

—Ji T, TOMBMICk, ZEET S 5L
Morin et al. (2005) 1Z & > TZDZ Y EDRGEE S
NTHO, KR TIETOAEEANSC EICk
STCRE &ENAF A= AWER % [[—D b
Ly F2VEITHICHHMN U7z, EATRR 0% 57
LI Ko TAT v T2 (Fourchet et al., 2015;
Girard et al., 2017) DEHT 578, TN 5Z2[H
—DEFTIMELzC L&, ZOREMAE X D HK
MG TE R EEZBNS. LB ICFEM
TEBHERIC K > TEI L7 Kk, D REEAEE S
Tr—< A HE#T % RE EB# Lz &
W5, IFEIGICB N TEHVRT VAR
LR D1SB1EAS.

V &

A, EMNIC S L—=2 T 217755 TW
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DHENEES > — 2RI, LT ZBA G VE
S LT ZHB A B38BT 5 AT v TERE
RE OEWINZELDBIRZIH S M LTz, Z Ok
B, LT Z@BA3\EICBISCTHE Uk, &
RE O Z AL DI A B x IE O MBS AR
HoNT—h, LT TFOEEICBWTIEZEFN5S
DEENRD SN o Tz, £z, TXTOHEH)
R I T SL B KU SF & RE OHEWTINZL
DICHEEAEMBEBERERD SNEh -7, Th
LD D, LT EMZZMEICEVTIR N
—Z VTR EICK 5T CTHEEMT S &, REIX
mEL, ZHUCi ke, O EDBEHEL TS &
Mo 5N,

&!I
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