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SEM: Structural Equation Modeling

C. R.: Critical ratio

X2

GFI: Goodness of fit index

AGFI: Adjusted goodness of fit index
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Soccer Attacking Skill

Scale: SASS Soccer Defending Skill Scale: SDSS

SASS  SDSS
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‘ SASS
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‘ SASS
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a: Soccer Attacking Skill Scale, b: Soccer Defending Skill Scale
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motor skills Larson & Yocom
1951 sports motor skills

1.6

Strand & Wilson,

1993

11

1.6
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Effect

gt Votor SKlls: Taskevall,
.for example: passing, shooting,

dribtbling, pivoting, recsiving,
Jumping, speed, and erdurance.

I —

ning, Jumping, throwing, catebhe
ing, kicking, climbing, and
vaulting,

Fandamental Motor Flementa:
Speed, accuracy, balance, Thythm,
coordination, shiftiness, steadi=
ness; agility, and sensory coor=
dination,

[ Function and Structure:

strength, powsr, and
endurance; cardio=respiratory
endurance, body build, mutrition,
posture, and functions of body
Organs,.

Causs Eff:c't
Larson & Yocom, 1951 p. 207
1.6
test-retest method
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“Replicability and stability of solution” (MacCallum et al., 1994, p.13)

cross validity
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Hughes & Bartlett, 2002 p. 751

e.g., Arnold, 1983a, 1983b 1969 Harris & Reilly,
1988 Eom & Schutz, 1992 Hughesetal., 1988 Luhtanen, 1993 Olsen, 1988
Olsen & Larsen, 1997 Sampaio & Janeira, 2003 1985 1988 1994

Hughes Bartlett
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26%
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1985 1986
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Nishijimaetal. 1987

Nishijima & Matsuura 1990
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1988 p.280

1988

82.2-95.8%
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1990
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73.3-94.0%
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1988 p.281
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1959
Gunther Stiehler

1980a

1980b

1980b p.48

Benesh, 1956 Laban, 1975

Leistungsfahigkeit

1993

““Movement notation analysis”” Benesh &
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““Hand notation system~~ Downey

1973
Place Action
Downey

Reep & Benjamin 1968 Hand

notation
Pollard, 2002 Hand notation
40 Sanderson & Way, 1977
Hughes, 2003

Hand notation QWERTY keyboard
Computerized notation system e.g., Mayhew &
Wenger, 1985 e.g., Church & Hughes, 1987

Franks & Goodman, 1986 Franks & Nagelkere, 1988 Franks et al., 1987 Hughes

et al., 1988 2.2

Luhtanen et al. 1997

Franks & Paterson 1986 1993
1989 1998 1989
Time Place
Player Action
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On-line

Franks et al., 1988
Hughes, 1988 Hughes, 2003 Hughes & Franks, 1997
Centre for Performance Analysis

Mike Hughes

Hughes, 2003 p. 248

e.g., Eaves & Hughes, 2003;

Hughes & Jones, 2003

Hughes

et al., 1988

McGarry & Franks,

2003
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Winterbottom (1952)

1969

Reilly & Thomas, 1976

1986

o O
GK. | G.T
End of
G.S.| G.C. possession
1 2 3 4 5 3] 7 8 9 101 1 12 | 13 G0AL
Foul | Tackle | Aun | Clear | Pass p-:l-r:il'lsi::n Tl‘:::.‘vw :E: Corner | Pen Shat ﬁ:;t: m m rﬁmhmnd 55;::;
2.2 Hughes, 2003
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9 1979

Direct Linear Transformation DLT

Shapiro, 1978 1983
digitizing
1990
1984 1986 1988 1989
2000 2000
DLT
1989 1989

Grehaigne et al., 1997a

- 54 -



1980

1999

2001

1998

2000

2001
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1989
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p. 131

1999

““On the ball””

1999

“<Off the ball””
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reliability

Morrow et al., 2000

inter-observer agreement: IOA

Thomas & Nelson, 2001

objectivity
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SSr

R=<

MSs
dfy dfr

Thomas & Nelson, 2001

MSs - MSe)

MSs

(SSt +Ssr)

MSe = >— "~=/
> (dft + difr)

SSt
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validity

1993

American Educational Research Association et al., 1999; Chapelle,

1999; Messick, 1996

3.1 American Psychological Association: APA
American Educational Research Association: AERA

National Council on Measurement in Education: NCME

1950
content validity criterion-related validity
construct validity
predictive validity concurrent validity

Messick, 1989 1954 1966
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1974

1985
Messick, 1989
Cronbach, 1988 Messick, 1989  Messick 1992
3.2
Gipps, 1994, p. 62
Messick, 1992
Gipps, 1994, p. 169  Messick
Messick, 1996
1999 AERA APA NCME
AERA etal. 1999 Messick (1996) 3.1
1985
1999
Response process Consequences of testing Response
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process

Consequences of testing 3.2

Response

process Consequences of testing

3.1
1950 1960-1970 1980 1990

APA (1954) APA,AERA,NCME (1966) |AERA,APA,NCME (1985) |[AERA,APA,NCME (1999)
APA,AERANCME (1974)

1) |Content 1) |Content 1) |Content-related 1) |Evidence based on
validity validity evidence of validity test content
2) |Evidence based on
2) |Construct |2) |Construct 2) |Construct-related respose process
validity validity evidence of validity 3) |Evidence based on

internal structure

4) |Evidence based on relations

to other variables

4-1 Convergent and
discriminant evidence

3) |Predictive |3) [Criterion-related 3) |Criterion-related 4-2 Test-criterion
validity validity evidence of validity relationships
4-3 Validity generalization

=

4) |Concurrent
validity

5) |Evidence based on
consequences of testing

1999
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3.2 Messick, 1992

Test Interpretation

Test Use

Evidential Basis

Construct Validity

+

Relevance/Utility

Consequential Basis

+

Value Implications

+

Social Consequences

AERA et al. 1999

Evidence based on test content

Evidence based on internal structure

Evidence based on relations to other variables
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10

1973
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Validity generalization

Test-criterion

relationships
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Structural Equation Modeling: SEM  e.g., Bollen,

1989

2004

2002

Sharma

1996 p.6
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2002

4.1

4.1
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4.1

4.1

- 68 -



3,4

4.1

Cov (Xn, Xm) Xy

Y2

Xm

On

4.1

X A y fed

X1= Aufi +e;
X2= Axfi +e
X3= Af+es
Xu= Axnfa+eq

fo=yofi +d2

Var (Xn) Xn
n=1,2,3,4 m=12,3,4

n=1,23,4

4.1

4.1

>(O)

1

n=1, 2,

F1
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Var(X1)
S- Cov(X1, X2) Var(X2)
| Cov(X1, X3) Cov(X2,X3) Var(Xa)
Cov(X1, X4) Cov(X2, X4) Cov(X3, X4) Var(X4)

2
Mi"01 +6 ,
5 (0)= Aothi1dr  Ap1" ¢ +6,
2,2 2
A32Y2121101 A3Yo1h 2101 Az Yor ¢%+7M32 v, +6; , ,
% sz 01101 AasYork o101 AaohaaVor O +AahaaW o Aap Va1 01 + A Wo 46y

Se——3(6)
A
Y ® S/ P
1992
1991
Amos 5.0] Mardia’s test of multinormality

Mardia, 1970; 1974
= 11 Critical ratio; C. R. +1.96

Arbuckle, 2003

=+2.00

H SE = (8P(P+2)/N) 05 P N
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12

Tabachnick & Fidell, 2001
D’Agostino-Pearson Zar, 1999

12

Fouladi

2003
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S -3 (0)-

e.g., Bollen & Long, 1993

O O O o
o O o
o o

o

4.1
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Kelloway, 1995 2001 300-400

Goodness of fit index (GFI Joreskog & Sérbom, 1986)

2002

Adjusted goodness of fit index (AGFI Joreskog & S6rbom, 1986)

GFI

2002 GFI AGFI

GFI AGFI 30

2002 30

GFI  AGFI

Normed fit index (NFI Bentler & Bonett, 1980)

Tucker-Lewis index (TLI; Tucker & Lewis, 1973) Non-normed fit index

(NNFI) NFI
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NNFI
Comparative fit index (CFI; Bentler, 1990) NFI  TLI

CFlI

Root mean square error of approximation (RMSEA Browne & Cudeck,

1993)  90%

GFI AGFI NFI TLI CFI 1
0.90 0.95 RMSEA
0.05 (Hu &
Bentler, 1999) Browne & Cudeck (1993) MacCallumetal. 1996
0.06 0.08 reasonable error mediocre fit
RMSEA

(MacCallum et al., 1996)

Akaike information criterion (AIC; Akaike, 1987)
AIC
AIC
chi-square difference test Bentler & Bonett,

1980
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(Joreskog,

1989)
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modification index

1998

Lagrange Multiplier test LM

Amos 5.0J) SmallWaters, Chicago, IL

Sérbom, 1989
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1999

2003

o= 0.05

Amos 5.0
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2004a

4.2

X1
X2

X3

X4
X5
X6

® ©

®0 O

4.2
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1996
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4.1

1989

Holland 1986

1999

Bollen 1989
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4.1
4.2
A B
F1 F2 F1 F2
X1 Aqa X1 A
X2 Aaia X2l Ao
X3 Aszia X3l s
X4 Ao X4 Ay
X5 Asop X5 sz
X6 Asoa X6 A2
F1 1.00 (O DITN F1 1.00 (O P
F2 (O DI 1.00 F2 (O P 1.00
Bog4a 4.2
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Factorial invariance

4.1

4.2
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4.2

A B A B
F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2
Xl )\11A Xl 7\118 Xl >\11 Xl 7\11 Xl )\11 Xl 7\].1
X2 )\21A X2 )\218 X2 )\21 X2 )\21 X2 )\21 X2 )\21
X4 A X4 A X4 Ap X4 Ap X4 Ap X4 Ap
X5 )\SZA X5 )\528 X5 )\52 X5 )\52 X5 )\52 X5 )\52
X6 Aeoa X6 Ne2s X6 Ag2 X6 Ag2 X6 Ao X6 Ag2
F1 1.00| @24 |F1 1.00| w23 F1 1.00| @24 |F1 1.00| w23 F1 1.00] P, |F1 1.00| P
F2 @14 1.00|F2 @;5[1.00 F2 Pya| 1.00|F2 @;5[1.00 F2 @y | 1.00|F2 @, |1.00
Step 1 4.1
A B
Step 2
Step 3
Step 4 14
1 2001 1996  Meredith (1993)
strong factorial
invariance
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2002, p. 216

2002

15

MacCallum et al.

(1994)

15
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16 Srbom (1974)
2001

4.4

16

4.3
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Do

4.3

Prim

)\32M

21M

4.4
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17

4.3 A1l A31 Az Aa

4.4 A1M ALl A2im A2 Azom A Aaom Aagr
18
17
18
F X X= AF+e
X=m+ AF+e
m X E[X]=m + AE[F]
m E[X] E[F]
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2000

156

Soccer Attacking Skill Scale: SASS

Soccer Attacking Skill Scale: SASS

5.10
51

SASS
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1997

Hughes & Franks,

Hughes & Bartlett (2002)

Linstone & Turoff 1975

Fish born diagram

1982 1988
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1-1

Soccer Attacking Skill Scale; SASS

MKS
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2000

19.5+6.2

156

25.0% 67.9%

7.1% B

Mueller, 1996; Schutz & Gessaroli, 1993

SASS

19

1/3

173
Worthington, 1980
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1994

1995 1973 Worthington 1980

Linstone & Turoff 1975
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22

DCR-VX2100 Sony Corporation

1993 2001

1998

Notation analysis

m2

20

21

22

Hughes, 1992; 1993

20

21
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Grehaigne et al., 1997a
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23

5.1

5.1
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24

5.8 pp. 100-101

24

20
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5.3

5.4

20

5.5
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3
1
5 10
5
5
15 30
0

5.6

1974, p. 29

4.6 9.1

o.7

25

5.8

25

12
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15

,10
20
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.15

5.8

5.7

15 20 20 25

15

S 2 1 0

30

30
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1994

45

1990
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1-1

Windows  SPSS 11.5J (SPSS, Chicago, IL) Amos 5.0
J(SmallWaters, Chicago, IL)

o= 0.05
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1-1

5.9
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1-1

5.2

-1.45

-.07

-.56

1.00

5.2
+
89+1.26 -.88 .23
63=+1.30 -.70 .52
70=+1.07 -.32 -.56
89+1.01 -.23 .49
79+1.52 -1.45 .24
13+1.33 -1.18 -.09
06=+1.13 .23 1.00
62+1.27 -.66 .59
33+1.04 -.30 -.39
23+1.00 -.44 .22
04=+1.31 -.07 1.08
53=+1.41 -1.05 -.55
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5.3

5.3

.91

.93

.91

.85

.99

.93

.97

.90

.86

.93

.96

.91

.85

99
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1-1

8
66.2% 3 5.4
1
3
o 1 0.71
3 -.03
4
2
2
5.4
F1 F2 F3
DF .79 -.07 -.20 .59
DF .76 .01 .22 .65
DF .73 -.09 -.33 .63
DF .64 .18 .37 .66
.01 .89 -.08 .76
-.07 .88 -.07 .80
-.02 -.06 .80 .64
-.08 -.09 .75 .56
F1 F2
F2 12
F3 .10 .02
DF
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1-1

Mardia
14 C.R.=.07,p>.05

5.10

0.42 0.90

0.53 0.89

X2 = 14.713, p= 258 (df= 12) GFI = 987 AGFI = .962 NFI = .958

CFl =.992 TLI = .981 AIC = 62.713 RMSEA = .038 (90% =,000-.095)
p<.05

5.10
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1-1

5.11

X2 = 18,508, p= 101 (¢f= 12) GFI = .984 AGFI = .952 NFI = .948
CFI = .980 TLI = .953 AIC = 66.508 RMSEA = .059 (90% = 000-.109)
p< .05

5.11

- 110 -



5.9

5.9

12
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5.3

5.10

.85

12

1998
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Cote 2001
2002, p. 175 el10-el7 el-e2 e5-¢€6
el-e9 e5-el0
GFI AGFI NFI CFlI 95
RMSEA .05
5.10 GFI AGFI NFI CFlI .90
RMSEA .05
8
Multitrait-multimethod
matrix : MTMM Discriminant validity
Convergent validity Campbell & Fiske 1959
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Marsh & Grayson (1995) Marsh etal. 1992 MTMM

250

Marsh & Bailey, 1991
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RMSEA .059
.06

Long 1993

.05

1

.08

74

GFI AGFI NFI

mediocre fit

CFI

5.11

.95

MacCallum et al. 1996

Bollen &

97

- 115 -



1-1

- 116 -



1-1

SASS
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1-2

SASS

SASS

27
U-15:15

SASS

2002 FIFA World Cup Korea/Japan™

SASS

18
282
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1-2

(Soccer Attacking Skill Scale

SASS)

Messick 1989

SASS

SASS

SASS

(Cudeck & Browne, 1983)

data driven

Cudeck & Browne, 1983

Bentler 1980 loose cross-validation
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MacCallumetal. 1994

loose cross-validation

cross-validation

SASS

SASS

SASS

Tight
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2002 FIFA
World Cup Korea/Japan™ ( )
( ) 27
18
U-15 FC U-15 FC
JEF
156 126
282
15.9% 20 24.6% 31
18.3% 23 14.3% 18 FC 18.3% 23 JEF
8.7% 11
44.4% 46.8%
8.7%
FC JEF
2002 30 Communication Satellite
(CS) 2003 13
2003 17

DCR-VX2100 Sony Corporation
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SASS

6.1

26

26

6.1
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1-2

0P PP PPPY PIPPP PG

6.1 SASS
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1-2

SASS SASS

Byrne, 1989

MacCallum et al. (1994)

Partial cross-validation
Partial cross-validation
Partial cross-validation

Tight cross-validation

Partial cross-validation

Partial cross-validation

Partial cross-validation
Partial cross-validation
Tight cross-validation

Byrne (1989, p127; 2001, p175)
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1-2

6.1 A SASS
-1.40 .50 -1.03 52
Mardia -52 C.R.
=-23,p>.05
6.1 SASS A
=+
DF 3.79+1.27 -.77 -.64
DF GAP 2.67+1.47 -1.23 .43
DF 3.1241.42 -1.31 -.25
DF GAP 2.55+1.32 -.84 .52
3.37+1.44 -1.40 .09
2.53+1.12 -.52 .35
3.67+1.44 -.86 -.73
4.18+0.93 .50 -1.03
DF GAP
A
6.2 A SASS 6.1
6.2
6.2

5.10
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5.10 e9-el el0-el7 el0-e5
elb-e5
44 .98 40
5.10
6.2 A
a
2 78.548 23.502
(p, df) (.000, 17) (.053, 14)
GFI .873 .958
AGFI .731 .891
NFI 778 .933
TLI .688 .942
CFI .811 971
RMSEA .170 .074
90% .133-.209 .000-.124
AIC 116.548 67.502
a
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.26

51

X2 = 23502, p=.053 (df = 14) GFI = .958 AGFI = .891 NFI = .933

CFl = .971 TLI = .944 AIC = 67.502 RMSEA = .074 90% =.000-.124
p<.05

6.2 SASS

X2 = 14.713, p= .258 (df= 12) GFI = .987 AGFI = 962 NFI = 958

CFl =.992 TLI = .981 AIC = 62.713 RMSEA = .038 (90% =.000-.095)
p<.05

5.10
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1-2

6.3 A 6.1
6.3
6.3
511
511 e6-e10 e9-el0
el0-el7
48 .98
40
511
6.3 A
a
2 86.981 25.548
(p, df) (.000, 18) (.061, 15)
GFI .927 .978
AGFI .853 .952
NF1 777 .935
TLI .704 .954
CFI .810 .974
RMSEA .175 .069
90% .139-.213 .000-.117
AIC 122.981 65.548
a
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73

[o)}
N

[8)]
w

.30

OO OO EOE

X? = 25548, p=.061 (df= 15) GFI = .978 AGFI = .952 NFI = .935
CFl =.974 TLI = .954 AIC = 65.548 RMSEA = .069 (90% =.000-.117)
p<.05

6.3

.65

X2 =18.508, p=.101 (df= 12) GFl = .984 AGFI = .952 NFI = 948
CFI =.980 TLI =.953 AIC = 66.508 RMSEA = .059 (90% =.000-.109)
p<.05

5.11
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6.4 A B

B

loose cross-validation (Bentler, 1980)

SASS
2000 p.389 A
B el-e9 el0-el7 el0-e5
A B
Mg M_p ML Mcc

Mic

AICI M.
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6.5 A B
A B
el-el5 e6-el0
el0-el7 el0-e9
Me
ME
6.5
x? p, df  GFI  AGFI  NFI TLI CFI  RMSEA 90% AIC
M -
52.801 .000, 22 .959 .866 .931 .890 .957 .071  .046 - .095 152.801
M
70.278 .000, 28 .943 .854 .908 .881 .940 .073  .052 - .095 158.278
Myc
79.378 .000, 29 .935 .839 .896 .863 .929 .079  .058 - .100 165.378
My :
142.279 .000, 37 .897 .800 .814 .776 .852 .101  .084 - .119 212.279
Micwo :
156.681 .000, 39 .893 .803 .796 .762 .834 .104  .087 - .121 222.681
Mare =
171.301 .000, 46 .883 .817 .776 .789 .824 .099 .083 - .115 223.301
XZ ar
Mo - Me 17.478 6 p < .05
M - M 9.099 1 p < .05
Micy - Mec 62.902 8 p < .05
Mcw = Moy 14.401 2 p < .05
Ma = Micup 14.620 7 p < .05
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SASS

SASS

el-e2

e5-e6

44.4%

25.0%

1995
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27

el-e2 e5-e6

SASS

27
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SASS

SASS

Anderson & Rubin, 1956 2002 28
SASS
A
- 97 51 - 74 35

28
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SASS

SASS
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1-3

SASS

SASS SASS

388

A SASS

40 B
SASS SASS
loose cross-validation
SASS SASS

SASS

SASS
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SASS

20 30

SASS

SASS

SASS
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1-3

SASS
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126

262

13.9%

13.4% FC

30.2%

53.4%

83 21.4%
78 20.1% JEF
51.3%

23.3%

388

54

73 18.8% 52

48 12.4%

18.6%

23.3%
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SASS

SASS

SASS

calibration sample
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cross-validation sample

SASS

SASS

SASS
Random assignment
Conroy & Motl, 2003
SPSS11.5)  Select cases function
calibration sample A

A SASS

SASS

cross-validation sample

(Byrne, 1989)
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1-3

7.1
A -1.40 0.15 -1.06 .76
B -1.31 .04 -1.11 45
Mardia A 2.05 C.
R.=113,p>.05 B 1.27 C.R.=.70,p> .05
7.1 SASS
A (n = 194) B (n = 194)
= =+
DF
4.01+1.28 -.07 -1.06 4.08+1.31 -2 -1.11
DF GAP
2.35=+1.33 -.59 .76 2.68=+1.41 -1.13 42
DF
3.48=1.44 -1.22 -.42 3.75+1.38 -1.07 -.60
DF GAP
2.49=+1.21 -.52 .58 2.66=+1.36 -.98 .45
2 3.48=+1.49 -1.40 -.42 3.53=21.48 -1.31 -.43
2.58=+1.11 -.62 .30 2.52+1.10 -.53 .32
3.38+1.53 -1.31 -.36 3.45+1.51 -1.27 -.43
3.99=+0.85 .15 -.64 3.98+0.84 .04 -.55
a A B -.43 -.24 -.94 -.99
DF GAP
A
7.2 A
-0.14 = .32

improper solution

1.40
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1-3

29

1991
=sin_1 f—
\ -1
1992
-43
proper solution
7.2
7.2
a b
2 90.269 90.300 15.764
(p, df) (.000, 17) (.000, 17) (.328, 14)
GFI .907 .907 .981
AGF1 .803 .803 .951
NF1 .822 .821 .969
TLI .748 747 .993
CFI .847 .846 .996
RMSEA .149 .149 .026
90% .120-.180 .120-.181 .000-.076
AIC 128.269 128.300 59.764
a b

0.25
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7.1

.25

40

X2 = 15.764, p= 328 (df= 14) GFl =.981 AGFI = .951 NFI = 969

CFI =.996 TLI =.993 AIC = 59.764 RMSEA = .026 90%

7.1

SASS

a

p< .05

=.000-.076

55
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1-3

7.3 A
-30 =37
7.3
7.3 A
a 1b 20
X 100.421 100.903 30.324 19.809
(o, dr) (.000, 18) (.000, 18) (.016, 16) (.179, 15)
GFI1 .897 .897 .964 .976
AGFI .794 .793 .964 .976
NFI .802 .800 .940 .961
TLI .732 .730 .948 .981
CF1 .828 .826 .970 .990
RMSEA .154 .154 .068 .041
90% .125-.184 .126-.185 .029-.105 .000-.084
AlIC 136.421 136.903 70.324 61.809
a b e5-e6 el-e2 c b el-

el5 e2-el5
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1-3

7.2 A

40

.26

&

X2 =19.809, p=.179 (df= 15) GFl = .976 AGFI = .941 NFI = .961

CFI =.990 TLI = .981 AIC = 61.809 RMSEA = .041 (90% =.000-.084)
a p<.05
7.2 SASS A
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SASS
7.4 A B
A
B A
A
7.1 A
B
Mccu AIC
MaLL
7.4
X2 p, df GFI AGFI NFI TLI CFI RMSEA  90% AIC
B 25.876 .056, 14 .970 .924 .961 .965 .983 .062  .011 - .102 68.229
Mg -
39.993 .066, 28 .976 .937 .964 .977 .989 .033  .000 - .055 127.993
M,
45.716 .129, 36 .972 .944 .959 .986 .991 .026  .000 - .047 117.716
M
46.741 .184, 39 .972 .948 .958 .990  .993 .023  .000 - .044 112.741
My :
50.840 .325, 47 .969 .953 .955 .996 .996 .015  .000 - .037 100.840
Mae =
56.697 .239, 50 .966 .952 .949 .993 .994  .019  .000 - .039 100.697
X2 ar 1%
M- Mg 5.723 8 ns
M - M. 1.025 3 ns
Moy = Mic 4.099 8 ns
Ma = Micy 5.856 3 ns

X(36) =22.723, p >.05.
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SASS
7.5 A B
A
7.2 A B
Mccup AIC
MaLL
7.5
XZ p, df GFI AGFI NF1 TLI CFI RMSEA  90% AIC
B 21.260 .095, 15 .974  .933 .965 .975 .988 .052 .000 - .094 65.260
Mg -
54.427 .004, 30 .967 .922 .951 .957 .977 .046  .026 - .065 138.427
M-
60.164 .007, 36 .964  .928 .946 .965 .977 .042  .022 - .060 132.164
Mic
60.783 .011, 38 .964  .931 .946 .968 .979 .039  .019 - .057 128.783
My :
63.743 .043, 46 .962 .941 .943 .980  .983 .032  .006 - .049 115.743
Micwo :
63.771 .063, 48 .962 .944 .943 .983 .985 .029  .000 - .047 111.771
Mae =
69.682 .042, 51 .959 .942 .938 .981 .982 .031 .006 - .048 111.682
X2 ar p
M- Mg 5.738 6 ns
M - M. 0.619 2 ns
Micy = Mic 2.960 8 ns
Micwo = Micy 0.028 2 ns
Mace = Micwo 5.910 3 ns
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SASS

SASS

SASS

SASS

SASS

SASS

SASS

SASS
A
e5-e15
el-el7
e5-el5
44.4% 30.2%
el-el7
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.20

.25

-.22
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40

1973

2002

SASS
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SASS

Lees & Nolan 1998

SASS

APAcetal. 1974 p.36

situational specificity

Messick 1989
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SASS

SASS

el-el7 el-el5

- 156 -



cross-validation

-27

SASS

SASS

loose

SASS

SASS
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SASS

SASS SASS

SASS
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1-4

SASS

SASS

SASS
FIFA World Cup Korea/Japan 2002™ 137

SASS

SASS
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1-4

SASS

SASS

AERA et al. (1985)

SASS

SASS

SASS

SASS
SASS
SASS
(Messick, 1989)
SASS
SASS
SASS
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1-4

SASS

2002 FIFA World Cup Korea/Japan™
(BRA) (GER) 137

BRA 54 39.4% GER 83 60.6%

SASS

8.1
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8.1 SASS

(Bollen, 1989)

(MF) M +
(Mv) M + (Mvc) Mic +
(Mvvsc) Mivsc + (MLvscu)

MO OH OO O
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(MaLp)

SASS

(Mvvsc )

(Bentler, 1995; Joreskog & Sérbom, 1993)

SASS

(Mwc)
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(M Fix)

(M Free)

MFree
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8.1
-1.41 1.91 -1.69 75 -1.40
-.32 -54 .62
Mardia
465 C.R.=1.35p>.05 288 C.R.=1.04,p>.05
8.1 SASS
(n = 54) (n = 83)
=+ =+
DF
4.544-0.84 1.91  -1.69 3.301.48 31 -2
DF GAP
2.50+1.48 -.85 .75 2.701.42 .24 .37
DF
4.02#+1.35 -.23 -1.08 2.9341.48 .34 .22
DF GAP
2.78+1.37 -.94 .51 2.72+1.41 .26 .27
3.39+1.54  -1.41  -.37 2.99+1.52 .40 .06
2.52+1.19 -.55 .34 2.27+1.11 .33 .62
3.33+-1.48 -1.38  -.32 3.49-+1.58 .28 -.54
4.1340.78 45 -.73 3.82+40.98 32 -.51
DF GAP
8.2
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1-4

Me
Mvvsc
Muiv/cu
MaLL
8.2
8.2
XZ p, df NF1 TLI CFI1 RMSEA  90% AlIC
13.249 .507, 14 .960 1.005 1.000 .000 .00 - .127 57.249
14.327 .426, 14 .961 .998 .999 .017 .00 - .109 58.327
Me :
24.265 .667, 28 .953 1.016 1.000 .000 .00 - .055 112.265
M. :
26.655 .775, 33 .949 1.023 1.000 .000 .00 - .044 104.655
M =
35.803 .478, 36 .931 1.001 1.000 .000 .00 - .061 107.803
Muvse -
45.986 .205, 39 .913 .978 .985 .036 .00 - .073 111.986
Mivsoy *
75.376 .005, 47 .855 .927 .939 .067 .00 - .094 125.376
Mare -
81.993 .003, 50 .843 .923 .931 .069 .00 - .095 125.993
X2 dar P
ML - M,: 2.39 5 ns
M = M. 9.148 3 < .05
Mivze = Mic 10.183 3 < .05
Movscu = Muvse 29.390 8 < .05
Mare = Muvscu 6.617 3 ns

x2(36) =57.073, p <.05.
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1-4

MLc
F2
8.3
8.3
XZ p, df NLI TLI CFlI  RMSEA 0% AIC
1 35.803 .478, 36 .931 1.001 1.000 .000 .00 - .061 107.803
2 F1 41.350 .286, 37 .921 .986 .991 .030 .00 - .070 111.350
3 F2 35.823 .524, 37 .931 1.004 1.000 .000 .00 - .058 105.823
4 F3 39.814 .346, 37 .924 .991 .994 .024 .00 - .067 109.814
5 F1 F2 41.531 .320, 38 .920 .989 .992  .026 .00 - .068 109.531
6 F1 F3 45.874 .178, 38 .912 .975 .983 .039 .00 - .075 113.874
7 F2 F3 39.821 .389, 38 .924 994 996 .019 .00 - .064 107.821
8 45.986 .205, 39 .912 .978 .985 .036 .00 - .073 111.986
F1: ; F2: ; F3:
8.4
MFix
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Meree MEix
Meree MFix
MFree
8.5
8.5
MFlfree

AIC MFree 84

8.6
8.4
0

XZ p, df NFI TLI CFI RMSEA 90% AIC
Meree 47.581 222, 41 .909 .981 .986 .034 .000 - .071 141.581
Meix 81.915 .000, 44 .843 .896 .918 .080 .052 - .106 169.915
Me1free 50.049 .214, 43 .904 .980 .985 .035 .000 - .070 140.049

x° ar p

MFix - MFree 34.334 3 < .05

MFix - IVIFlfree 31.866 1 < .05

3 Meree:
; MFix:
; MFlfree:
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1-4

p
0.000 .94 -1.167 .200  1.64 < .05
0.000 .38 -.111 .071 .39 ns
0.000 1.08 .017 267 1.62 ns
p
13.78 3.72 11.65 4.58 < .05
5.91 2.50 5.24 2.49 ns
7.46 1.95 7.31 2.32 ns

- 169 -



AERA et al., 1985; Moss, 1992

SASS

8.2

SASS
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(Bentler, 1995; Conroy et al., 2003; Cunningham, 1991)

8.5

2002

M Filfree

2002

MFree

MFree

MFree

Fédération Internationale de Football Association

8.3 8.5
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FIFA 2002

SASS

SASS

30

31

30

SASS

SASS

2002

SASS

31

- 172 -



8.6

SASS

SASS

SASS

SASS
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1-4

SASS

SASS

SASS
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2-1

Soccer Defending Skill Scale: SDSS

Soccer Defending Skill Scale: SDSS

CFA SDSS
FIFA World Cup Korea/Japan 2002™ 469
CFA CFA
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Wade 1967

Worthington 1980

1995

Campbell & Fiske 1959
Marsh, 1988;
Marsh, 1993a
CFA3?
Marsh &

Richards, 1994; Rees et al., 2000

%2 CFA: Confirmatory factor analysis
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Soccer
defending skill scale; SDSS

CFA SDSS
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FIFA World Cup Korea/Japan 2002™
469 283 60.3%

186 39.7%

17.3% 67.9%

21.6%
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CFA
CFA
CFA
Hughes & Bartlett 2002
Hughes 1980 1983 1995 Wade 1967 Worthington
1980 1980
Brain Storming BS Clark, 2002
, 1982 QC , 1979
2002
2001
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33

9.1

5 Bentler &

Chou 1987 SASS

33
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9.1 9.1

35

36 5 6

37

30< 30<

150<= 30<

34

35

36

37

9.2 pp. 186-187

34 1 2

150<=

30<
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10

38

30<

38

10

150

30=

11 12
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30

10

17 18

30<

39

40

i

40

150=

10

39 13 14

15 16

30<

41

11
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10

10

25

42

42

50
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2-1

15)

-------------
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30

18

CFA

CFA

Worthington, 1980

1967

CFA

Campbell & Fiske 1959

Wade,
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Trait-method CFA

model of MTMM data (Marsh, 1993a)

Trait-method CFA model

CFA

CFA CFA

CFA

Marsh (1988) CFA

CFA
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2-1

9.3
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2-1

€6
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9.2
-1.54 1.77 -1.64 91
9.2
+
1) 5.09=1.37 1.77 -1.64 6
2) 2.96==1.90 -1.28 45 2
3) 4.17+1.41 -52 -5 5
4) 2.05.92 .77 14 2
5) 3.08+1.35 .30 .70 3
6) 2.761.65 -.54 .91 2
7) 3.17+1.56 -.90 23 3
8) 2.13+1.03 1.01 .97 2
9) 2.97+1.20 -.44 19 3
10) 2.861.31 -.35 56 2
11) 2.73%1.67 -.53 .82 2
12) 2.96=+1.39 -1.21  -.06 4
14) 3.79+1.78 -1.27 =27 5
15) 3.2642.20 -1.54 24 2
16) 3.14+1.75 -1.25 24 2
17) 4.48+1.83 28 -.94 5
18) 3.81+1.91 -1.42  -.34 5
19) 3.93+1.92 -1.37  -.34 5
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2-1

9.3 a7
9.3
1) .93
2) .88
3) .88
%) 77
5) 77
6) .78
1)) .81
8) .95
9) .80
10) .86
11) .94
12) .86
14) .95
15) .91
16) .95
17) .88
18) .98
19) .98
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Mardia -1.09 C.R.=-1.72,p> .05
220 C.R.=1.40,p>.05
-270 C.R.=-1.71,p>.05

9.4

AGFI
97 TLI =.93 CFI=.98 RMSEA = .05

9.5
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2-1

9.4
b
(FL) (F2) (F3)
1.00° 0 0
0 .92 0
0 .23 0 .10°
0 0 .99
0 0 .28
F1 F2 F3
F1 1.00
F2 .30 1.00
F3 .24 .44 1.00
(FD) (F2) (F3)
.99 0 0 .26
.05 0 0
0 .17 0
0 .54 0
0 0 .08
0 0 .82
F1 F2 F3
F1 1.00
F2 .19 1.00
F3 .62 11 1.00
(F1) (F2) ()
.94 0 0
.64 0 0
0 .72 0
0 .60 0 .36
0 0 .78
0 0 .77
F1 F2 F3
F1 1.00
F2 0.97 1.00
F3 0.95 0.82 1.00
a p < .05
b
c
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2-1

9.5

<

GFI
AGFI
NFI
TLI
CFI
RMSEA

6.862
.076
.994
.971
.964
.929
.979
.052

6.821
.338
.995

.984
.931

.975
.990

.017

9.915

.078
.993

.971
.992
.988
.996
.046
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9.6
9.4
58.0
A7
9.6
(FD) (F2) (F3) (F4
.89 .04 -.09 -.01 .75
.86 .05 -.07 -.03 .12
.55 -.12 .26 .00 .42
-.01 1.00 -.03 .06 .92
.02 .81 .08 -.04 .76
.01 -.01 .73 -.11 .51
-.01 211 v .22 .39
-.13 .03 -.02 .65 .39
.24 -.01 .08 .51 .37
F1 F2 F3 F4
F1 1.00
F2 .26 1.00
F3 .34 .45 1.00
F4 .19 .43 .20 1.00
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2-1

Mardia -2.18 C.R.=-1.68,p>.05

9.4

e2-e5 .61

.68

GFI=.987 AGFI=.968 NFI=.981 TLI=.988 CFI=.994
RMSEA=.032 x?2=26.739 (p = .084) AlIC=80.739
a p<.05

9.4
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2-1

9.5

AGFI=.97 TLI=.98 CFI=.99 RMSEA=.04

GFI=.985 AGFI=.966 NFI=.978 TLI=.984 CFI=.991
RMSEA=.037 x?=31.061 (p =.040) AlC=83.061
a p<.05

9.5
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2-1

CFA CFA
CFA
9.6
e2 e5
9.8
CFA
CFA

AIC CFA

9.7

(X2=17.378, df = 8, p < .05)

49 .78 9.8
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9.7 CFA CFA
CFA CFA
NG 26.739 9.361
) .084 .498
GF1 .987 .996
AGFI1 .968 .980
NFI .981 .994
TLI .988 1.002
CF1 .994 1.000
RMSEA .032 .000
AlC 80.739 79.361
9.8 CFA
(FD (F2) (F3) (F4) (F5) (F6)
.51 0 0 202 0 0
.64 0 0 0 .41 0 .61°
.49 0 0 0 0 .37
0 .43 .30 .49 0 0
0 .59 0 0 .38 0
0 243 0 0 0 .63
0 0 .78 .38 0 0
0 0 .70 0 .37 0
0 0 .64 0 0 .38
F1 F2 F3 F4 F5 F6
= 1.00 1.00 118
£ 1.00 1.00 .18°
F3 112 .18% 1.00
F4 1.00 74 .56
F5 .74 1.00 .61
F6 .56 .61 1.00
a p < .05
b
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Bartlett 2001a Hughes & Bartlett 2002

9.3

A7

9.3
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19

CFA

SDSS

9.4

9.4

- 204 -



99

.28

9.5

300-400

400

2001
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2-1

SDSS

Sharma, 1996 Schutz & Gessaroli 1993

9.6

9.4
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Marsh 1988

““CFA approach to multitrait-multimethod (MTMM) data”~

9.6

9.7

CFA

e2 e5

CFA

CFA

CFA

CFA

SDSS

CFA
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CFA
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2-1

SDSS

CFA SDSS

SDSS
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10

2-2

SDSS

SDSS
27
U-15 580
A 469 B
1049 CFA

SDSS

18
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10 2-2

SASS

SDSS

CFA

Bailey (1991)

SDSS

(SDSS)

SDSS

SDSS
SDSS

Marsh & Grayson (1995) Marsh &

SASS
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10 2-2

U-15 FC

195

123

SDSS

18

580

24.7% 143

27
U-15 FC
JEF
469
33.6%
FC 20.5% 119 JEF 21.2%

(Cudeck & Browne, 1983)
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2-2

10

10.2

10.1

CFA

10.1
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10 2-2

10.2

SDSS CFA SDSS

A CFA

( Byrne, 1989)

CFA
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10 2-2

B
580 B 469  400-500
400 500
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10 2-2
10. A SDSS
-1.42 .25 -81 .86
Mardia 144 C.
R.=1.23,p>.05
10.1 SDSS9
+
3.14+1.82 -1.34 .25
4.51+1.23 .25 .78
3.56+1.34 -.75 .08
3.01+1.76 -1.07 .46
4.45+1.23 .03 .66
2.15+1.15 .18 .86
4.43+1.54 -.30 .81
3.51+1.87 -1.42 .04
3.96+1.60 -1.32 .01
A
10.2 A SDSS CFA 10.1
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10 2-2

AlIC
10.2 CFA A
e2-e5
a e2-e5 °
GFI .993 .993 .993 .993
AGFI .974 .972 .971 .970
NFI .988 .989 .988 .989
TLI .988 .985 .984 .983
CF1 .996 .995 .995 .995
RMSEA .030 .033 .034 .036
90% .000-.057 .000-.060 .000-.061 .000-.063
AIC 84.398 86.022 86.390 87.281
a
b
10.3 CFA

path

40
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10 2-2
10.3 CFA
(F1) (F2) (F3) (F4 (F5) (F6)
.52 0 0 J128 0 0
.62 0 0 0 .75 0
.38 0 0 0 0 .34
0 .60 0 .80 0 0
0 .57 0 0 .69 0
0 .20° 0 0 0 .37
0 0 .79 .25 0 0
0 0 .73 0 .18% 0
0 0 .56 0 0 .38
F1 F2 F3 F4 F5 F6
F1 1.00 .96 .04°
F2 .96 1.00 .21
F3 042 .21 1.00
F4 1.00 .38 .52
F5 .38 1.00 .46
F6 .52 .46 1.00
a p < .05
10.4 A 10.2
GFl  CFI
10.5

.09
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10

10.4 A
1 2 4

GFI .940 .942 .976 .978

AGFI .892 .892 .944 .944

NFI .889 .892 .961 .963

TLI .860 .858 .947 .947

CFI .903 .905 972 .974

RNSEA .102 .103 .063 .063

90% .088-.117 .089-.118 .046-.081 .045-.081

AIC 215.757  213.076  114.474 112.908

a
b
C
10.5
(F1) (F2) (F3)
.32 0 0 37
.88 0 0 72°
.39 0 0 .09°
0 .19° .09% .11°
0 .87 0
0 .29 0 .11f
0 0 .81
0 0 .73
0 0 .61 .13°
F1.F2 .90
F2_.F3 .27
a p < .05 b
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10 2-2
10.6 CFA A B
A
B A B
AIC
M.
10.6 CFA
GFI  AGFI  NFI TLI CFI  RMSEA 90% AIC

Me

.988  .951 981  .961  .988  .039  .027 - .052 197.352
M,

.986  .963 .978 .976  .989  .031 .020 - .041 179.336
MLC

.981  .957 970 .968 .983  .036 .026 - .045 192.612
My :

977  .957 963  .967 .978  .036 .027 - .045 196.803
MarL -

975 .954 959  .963  .975 .038 .030 - .047 206.191

X°(45) = 42.417, p >.05.
10.7
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10 2-2
AIC Mg
10.7

GFI AGFI NFI TLI CFI RMSEA  90% AlIC
Mg :

.981 .954 .971 .965 .982 .037 .028 - .047 196.301
M, :

.975 .950 .961 .959 .975 .040 .032 - .049 210.505
Mec

.975 .951 .960 .961 .975 .039 .031 - .048 207.846
My -

.962 .938 .939 .943 .957 .047 .040 - .055 253.586
Micw -

.959 .935 .935 .940 .952 .049 .041 - .056 263.919
MacL -

.954 .935 .926 .938 .946 .050 .043 - .057 278.250
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10 2-2

SDSS

Conroy & Motl, 2003

AERA et al., 1985

Browne, 1983)

(Bentler, 1980; Cudeck &

CFA

(path)

FIFA, 2002
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10 2-2

2002

path

10.2

SDSS
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10 2-2

CFA

CFA

10.4

.80

.09

path

CFA

CFA

.60

10.3

path
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10

2-2
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10 2-2

SASS

SDSS

SDSS
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11 2-3

SDSS

SDSS

SDSS
FIFA World Cup Korea/Japan 2002™ 469

SDSS
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11 2-3

SDSS
SDSS

SDSS

(Messick, 1989)

SDSS SASS

SDSS

SDSS

SDSS
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11 2-3

2002 FIFA World Cup
Korea/Japan™ (BRA) (GER)
469 BRA 283

60.3% GER 186 39.7%

CFA

111
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11 2-3
111
-1.39 -.63 -.45 45 -1.45
.36 -.82 A7
Mardia -92 C.R.=-55p
> .05 166 C.R.=-.80,p>.05
11.1 SDSS
(n = 283) (n = 186)
o =+
3.01+1.88  -1.27 .45 2.89+1.93  -1.30 .47
4.05%1.48 -.86 .39 4.35+1.28 .36 -.82
3.90+1.39 -.82 .18 3.94+1.30 -.69  -.07
3.17+1.62  -1.03 .22 3.161.47 -.63 .26
4.05+1.38 -.63 .45 4.27+1.21 27 -.73
3.01%+1.37  -1.10 .04 2.90+1.41  -1.39  -.08
3.76+1.85  -1.37 .25 3.83+1.39  -1.10  -.29
3.02+1.80  -1.27 .34 3.33+1.67  -1.14 11
3.14%+1.92  -1.39 .39 3.26+1.90  -1.45 .25
11.2
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11 2-3
ME Mcrc
AIC
11.2
11.2
X7 p, df TLI TLI CF1  RMSEA 90% AIC

12.520 .501, 10 .990 990  .997  .027 .00 - .084 80.520

13.782 .245, 10 990 990  .997  .030 .00 - .073 81.782
Mg :

23.960 .295, 20 .984 993  .998  .017 .00 - 044 163.960
M, :

36.914 .293, 33 975 994  .997  .016 .00 - .039 150.914
My

46.744 .184, 39 969 990 .995  .021 .00 - 040 148.744
Muvre :

62.149 .046, 45 .958 981  .988  .029 .00 - 045 152.149
Muvsey =

94.837 .001, 54 936 965 .973  .039 .00 - .052 166.837
MarL :

100.259 .000, 55 .932 961  .969  .040 .00 - 053 170.259

x? ar D

M- Mg 12.954 13 ns
M - M 9.830 6 ns
Muve = Mic 15.405 6 .05
Mivze = Muve 32.688 9 .05
Mt = Muvsey 5.422 1 .05

(45) = 61.860, p <.05.

- 232 -



11 2-3
11.2 M.c
11.3
FI F4 F5
F2 F3 F6
11.3
11.3
0,
X7 pdf X! p NFLTLL CFI RuseA % AIC
1 . 46.744 184,39 - - 969 .990 .995 .021 .00 - .040 148.744
2 R 82.530 .000, 40 35.786 05 .944 953 972 .044 .00 - .059 182.530
3 R 47.557 .192, 40 0.813 ns  .968 .990 .995 .020 .00 - .039 147.557
4 3 47.513 .193, 40 0.769 ns 968 .990 .995 .020 .00 - .039 147.513
5 Fa 51.609 .102, 40 4.955 05 .965 .985 .992 .025 .00 - .043 151.699
6 F5 54.484 .063, 40 7.740 05 .963 .982 .990 .028 .00 - .045 154.484
7 6 46.825 .213, 40 0.081 ns  .968 .991 .995 019 .00 - .039 145.825
8 62.149 .046, 45 15.405 05 .958 .981 .988 .029 .00 - .045 152.149
g F2FIHF6 49 318 233, 42 1.574 ns  .967 .992 .996 .018 .00 - .038 144.318
F1: ; F2: ; F3:
; F4: ; F5: ; F6:
a
b
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; MFSfree: F5

11 2-3
11.4
MFix
MFree
AlC MFix MFree
MFree
115
11.6 F5
MF5free
MFix
11.4
11.4
0
XZ dar NFI TLI CFI RMSEA 90% AIC
Meree 35.993 37 .976 1.001 1.000 .000 .00 - .031 177.993
Meix 46.297 43 .969 .996 .998 .013 .00 - .035 176.297
Mestree 36.912 42 975 1.006 1.000 .000 .00 - .025 168.912
x° af p
Meix = Meree 10.304 6 ns
Meix = Mesfree 9.385 1 < .05
; MFree:
; MFix:
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11 2-3
11.5
: p
.000 .89 -.026 104 .55 ns
.000 .55 -.027 .063 .52 ns
.000 1.31 .113 .157 1.26 ns
.000 .79 .049 117 .58 ns
.000 1.10 .296 115 .66 < .05
.000 .77 -.037 .095 .72 ns
a
11.6
p
10.97 2.48 11.18 2.47 ns
10.23 2.40 10.33 2.46 ns
° 9.92 4.77 10.42 4.41 ns
@° 13.09 4.32 13.58 4.37 ns
9.94 3.12 9.88 2.87 ns
11.12 3.61 11.95 3.11 < .05
10.05 2.46 10.10 2.66 ns
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11 2-3

11.2

(Bentler, 1995;

Conroy et al., 2003; Cunningham, 1991)

(FIFA, 2002)
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11 2-3

11.5

SDSS

SDSS

SDSS

SDSS

11.6

11.3

F4 F5:

FL F4 F5

FL F4 F5

F1
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11

2-3
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11 2-3

SDSS

SDSS

SDSS

- 239 -



12
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12

SASS SDSS

Gipps (1994, p. 3)

SASS

SASS

SASS SASS

SASS
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12

40

12

- 242 -



12

SASS
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12

.25

40

SASS

SASS
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12

40

SASS

SASS

SASS

SASS

SASS

SASS

SASS
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12

SASS

SDSS

SDSS

SDSS SASS

SASS

SDSS

SASS

SASS
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12

SDSS

SDSS

SASS
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12

CFA

Marsh, 1988
CFA CFA

CFA

40
SDSS

CFA

U-15 15

SDSS

SDSS
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12

SDSS

SDSS

SASS

SDSS

SDSS

SASS

SDSS

SDSS

SDSS

SDSS

Messick, 1989

- 249 -



12

U-15 15
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12

pp. 31-32

- 251 -



12

43

43
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12

ratio scale

44

44

SASS

SDSS
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12

Cudeck & Browne, 1983
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12

SDSS
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12

e.g.,
1995 1994
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12
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12

2003

Grehaigne et al., 1997b Oslin et al., 1998 Richard et al.,

2002

2001

1986
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12

SASS SDSS

1999
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12

synchronize

Roger Bartlett> Mike
Hughes* 2001 Bartlett, 2001a
2001 2002 Bartlett, 2001lb Hughes & Bartlett, 2002

Notational analysis

45

(Bartlett, 1999)
46

& Franks, 1997)

Sports biomechanics

Notational analysis of sport (Hughes
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13

SASS

SASS 8

SASS

SASS
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13

SASS

SASS

SASS

SASS

SDSS

SDSS
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13

SDSS

SDSS

SDSS

SDSS

SDSS

SASS

- 266 -



13

ratio scale
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13

Messick 1989

47

SDSS

47

2004b

U-15
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2001 2002

2005

2005 2
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