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Abstract: The importance of enjoying physical activity and interacting with others in sports has been sug-
gested. This is an important theme for soccer schools, whose mission is to promote sports in the communi-
ty. In our previous study, we conducted a questionnaire survey of students attending a soccer school and
found that game-style practice leads to enjoyment. The results of the correlation analysis among the ques-
tionnaire items suggested that the enjoyment of soccer school is related to running well and being involved
with the ball. However, it was not clear from the correlations whether the enjoyment came from running a
lot and being involved with the ball more, or from running a lot and being involved with the ball more be-
cause it was enjoyable. Therefore, in this paper, we considered the questionnaire items collected using a
5-point Likert scale, such as whether they had fun, ran a lot, shot and passed a lot, dribbled a lot, etc., as
continuous variables with a non-Gaussian distribution, and tried a causal search method using DirectLiN-
GAM to obtain causal relationships among the questionnaire items. The results of the causal search were
consistent with the results of the correlation analysis, indicating that the respondents enjoyed soccer
school, which may have led them to run a lot and get involved with the ball more. This practice clarified
the causal relationship between the results of the questionnaire, which had not been clarified before, and
provided useful information for the management of the school.

Keywords: correlation, causal search, LINGAM, soccer

L fEERY Bty v — 3 fHEY VT 4 AR EH
Center for Administration of Information Technology, Hometown Promotion Department, Tokushima Vortis, Itano,
Tokushima University, Tokushima 770-8506, Japan Tokushima 779-0108, Japan

2 EERS RFEAt i S LR ) tanioka.hiroki@tokushima-u.ac.jp
Faculty of Integrated Arts and Sciences, Tokushima University, satom@tokushima-u.ac.jp

Tokushima 770-8502, Japan ¢} tsuge@vortis.jp

© 2023 Information Processing Society of Japan 74



IBMAIBF R/ TV 2N T T 71X Vold4 No.3 74-87 (July 2023)

1. EU®IC

AR=VIIBNT, FIREHZELD I LRME L D%
MOBEEMEDIRIB SN TNDS (1] 25, DX D RiGE) )4
LERZDGDRo>TWVAONEHLENIEN TV o7,
ZIT, FEL 211 EEYANTA ATy -2 T —
WL (PUF, A7 —)v) 12389 /AN % K512 Microsoft
Forms2 # W74 > 54 7 7 — FRHEEZITV, A
= VIS TE L2k, Yy —A 27— VOiE# %
TLATWDD, CARIFEHNEL SIZORB>TWEH R
WZOWTH&RIT 572, 7o — bOEFHERELS, v
H—= A7 = VOFETE Lo 7201E, 77— 2B OHE

Bo7-012, RMMICSML T2 5589 RESL Y
FaT2MEVICONEANTVG, ZOLH)BHEDTT
M EN72H) F 2T 2CHEENLT — LR OME I,
JFAHMBEEERDHKEL/ZIJFA AE— VA 7 —20 7
ARITA B THEFERENTVEAE— VT A FFr—A4
(Small-Sided Games, SSG) 4] TH V), FRTLDH v
H—=DFELAFIZOWTEZONLHENEER>TWD
PRI NG,

—J, [7zoLlyro/zTdhe ] OEAZ Lo
2], [72C8AEDFE L] OHEE [/ SAES
72, T2 a— MR ARN K SATEE L0? ] & [F
JITNWH72 SATEE L ? ] 2 [R=IZ7z &A

THHEME LA = VEDR RS ST 72, TV
r— NEHMOMBEGH 21T > 7288, [0 Lhro77T
IR [ SAENVTE LR ? ] [T a— MR/ SAD:
CEATEFLAD? ][R TN SATEELR
Ml [T=wmf] 2, [WinweIsrnd)E35 7]
L[ Lz ? | ICHBEBEGRI R S,

A7 —=ix, ANEFROIEEL Yy hH—DIEEx fES
gre LCigly, ERENS s THEL CWwAYy h—2X
7= VTHbE RTIDIIIEHPLAFILLAVIZGT
720 S ARMFBELCVS, TUr— M RERSTF Y X
7T A, INFIIREEAE, NGRS, kL v a vk
LTSI 7 7ATHY, TI—FMITY v I —D K
RS 2 SIS X 25 b, WO X R— ViR

BMbos] oL EE B1TRY &) ITHBIBR
E MO RN TERE DD, [HELro72] PEET

« »

A== A
B -7z

1 HBRROHEE

Fig. 1 Correlation estimation.
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Table 1 Tokushima Vortis Soccer School classes and instructional outline.
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Fig. 2 Online questionnaire on smartphone (Note: adapted from Reference (2], p.2).
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TO7 v — MEHPIERDAINE) 1TV 2 aWnT &8

K2 Yy¥u=wqLrRBEIC

RENT

Wz, 7 — NHEHARBOMEEZ A YT~ OB
f2% (Spearman Rank Order Correlation) [29] & Fi\>T4)
MLKREARSIRT. AT~ OIEMAHBEIARE p
DOBERFHEIZHBEE n — 20 ¢ 0I5 7280, plHiE
t AT BT O fEDSHE R = O F#ERTH 5.
7 v — MEEBIZHBES W EE L2 E D 95%
EHEXI (p = 0.05) & L72E &, p<0.05&7o721HH

CIIHBICHEEH L EVE DL [14EEK] X8 7
TA YT CIEOMEEHY, [6 F)TVELA] T
IEoIToT— ] tEOMErRD A, 251
ol iZ 5 a— b2 % L72]6 FY 7% L
7ol 171 & ES7] LIEOMHMPH A, [3¥EN] 1L T4
WANH L] LIEOHERH L. [57 2— M/ A% L
g & Lro/]l6 FYUTVELAITTLES
2l 9 T— ] LIEOMETEH L. [6 B 7Tvx L7z
T Fw] CtEOMHERD D, (28 L »o7]l5
Ya— bR AE L9 T— V] L IEOMELEH 5.
[7 X7 ix TR LEOHMEH Y, (281
Motz [5ya— 2% Lzl l6 ) 7vaE L7z
[9 T— ¥ LIEOMENDH 5.

6.2 75X Z—HDM

BRI E D S R IATE] (27 9 A% —~< v 7)[30]
4R Y. Ty — MEHBIETRTIERSMICHED
7o, BRI A T~ v DI AR v 5
A ATHIE, 7 v — NEHHOMBEBERICED T
REN, MHBIREIC R HEEEELEE IS E o 7P R AL 7 T A
FVN) T THEINTWEG, Wil 5250 2 7hb,
KREL2DDI FTAY —IZHETELIEDNGDD
JI2AZ—11%, 2720 Lo72TCTTH»?] F5 o —
FRWNAD T SATEFE LD ?][6 K77z L
SBATEXFELAEP? 7S E8AEDFELLE2?]T9
TV THRERENA.

J7XE—21% (144K 3o0NnFL,?] 40
Tewk AV ETHI8) 7T 4 v 7] TR
BEN5.

X % IEBERHAG

Table 2 Normality evaluation using Shapiro-Wilk test.

No. 7v#—tHEH (L) p &

1 i (R 8.95 x 10°
2 72D Lok TTR? RLhoTz) 0.00 x 108
3 OPNELEH,? (Ehiz) 0.22 x 108
4 WeWe ZAEHETH? (BADDB) 0.00 x 108
5 Y a— FRRZANEL EATEELED? (Ya— 2% L) 0.06 x 108
6 FUITADIL EATEZLER? (RYTLELE) 0.05 x 108
7 FREAEDZ LR ? (KEo7) 0.00 x 108
8 V774 I (V7T 4 IR 0.00 x 108
9 =L (T80 8.17 x 107
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Fig. 3 Normality test using Quantile-Quantile plot for each data.
x3 T — MHHBOMBERE p
Table 3 Correlation coefficients between survey items p.
1 2 3 4 5 6 7 8 9
1 i -
2 HLypot —0.143 -
3 i 0.062 —0.052 -
4L EADD D 0.139 —0.051 0.336 ** —
5 ¥a— bR %Z LA | —0.149 0.341 ** 0.075 0.000 -
6 NUZLZE LT —0.284 ** 0.294 ** 0.032 —0.012 0.631 ** -
7 &KEo —0.202 * 0.336 ** 0.116 —0.061 0.495 ** 0.402 ** -
8VI7T4 VIR 0.261 * —0.016 —0.145 —0.010 0.004 —0.028 —0.026 -
9 a— L —0.278 ** 0.082 —0.036 —0.059 0.503 ** 0.470 ** 0.303 ** 0.146 -
count 97 97 97 97 97 97 97 97 97
mean 8.074 4.784 3.526 2.227 4.000 4.000 4.557 9.227 3.103
std 1.609 0.438 1.267 1.510 1.099 0.968 0.707 20.212 2.652
min 5 3 1 1 1 1 2 0 0
25% 7 5 2 1 4 4 4 3 1
50% 8 5 4 1 4 4 5 4 3
75% 10 5 4 4 5 5 5 6 5
max 12 5 5 5 5 5 5 180 12

Note. * p < .05, ** p < .01, n = 95 (one-tailed).

K5k, 7925 —108MAKITY, Be6lx, 77 A
7 — 2 OEAKATH CH L. 7T A5 —11F [FELE] I
B aER, 7925 —213 [EN] [Ha] CETHE
BBV =N Tnwbenwz b 752521213 1
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il L 8V 7T 4 V78] b&EINTWD

FELLRTWE, RO L) RHEMATE 5.

J7AZ2—1 FYUTN%HLT, Ya—bbeRXZA%T5HZ
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Fig. 4 Cluster map for correlations regarding survey responses.

HTl, T NERODLZIE, A7—NVEELEL
Z LIRS D B

TI7AZ—=2 FWEIHDHHLILEFENTVWEZ LI
HEDH L. ERE) 774 v ZRBICHBEDLS 5.
FRERNEZADHDHZ LIZIRTTCHEYH 5.

6.3 ERBEROHM
7 ¥ — bIEHMO KRB LR IZ D v Tid DirectLiN-
GAM [15], [31] Z 72, FEATERBEIZIE Google Colabora-
tory™ ML, 7 ¥ — MHEHMORERRIZOWTIE
FHIHREA 2\ 720, prior_knowledge (X 7%ER T, ZD
MDINTG A =FZIZDONWTHTRTT 7 4 )V MEE 7z,
DirectLINGAM |2 X % 530k £ DR %475 adjacency_ma-
trix_ O/ O NZHERETYIB 2R 41283, BOER
bijld, B a0 AR o ~NOEENR T KT SR T
DY, B OB o ~NHR R [ — 1,1 OFEFHT
ELTwa, £/, 77— 1tPHHi=1..91220nT,
K RBARNET k(i) 135X (3) &4 5.
{k(i)} = {4,8,2,3,7,1,6,5,9}, (3)

E 512, k() IZEEDWTHTY B OAT L5 % AN 2 /24T

*4 Python 3.7.13, NumPy 1.21.6, pandas 1.3.5, LINGAM 1.6.0.
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FIBED 3K (4) &% 5.

Bt —
0
0 0
0 0 O
0164 0 O O
0 00309 0 0
O O O 0 o0 0
0 0 0194 0 0.313 —0.036 O
0 0 0 0 0.353 0 0.507 0
O O O 0 o0 0 0.346 0.458 0

(4)
Fe¥ATH B % HFEBIRIET k(i) 122D T E % AR
Bz 72 F =05 B X, EREOEBRITHEELTH
D, WEEEAIE 0 DR E VT DAG TRIWEETH
5. B, FBINEKBORREMEMRE DAG TEIHLAS
S7EWNErT 7 ThHY, BO) |ZHonwT, WS 7
12 DAG1 £ DAG2® 2 O®D DAG THEHT& L. 7t
[1TELo7z] 5 [9 T—=VE] 12O 5BMEED
KR EET DAGL, H8I M4iEANH L] 75 [3
PN NOFRPERERICOVWTOREEY FET DAG2 TH
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#F 4 DirectLINGAM & 1) 5 5 1 7- #4751 B
Table 4 Adjacency matrix obtained from DirectLINGAM.

1 2 3 4 5 6 7 8 9
1 Fifiy 0 0 0 0 0 0 0 0 0
2 WU otz 0 0 0 0 0 0 0 0 0
3 N 0 0 0 0.164 0 0 0 0 0
4 RADD D 0 0 0 0 0 0 0 0 0
52— bR RAE L 0 0 0 0 0 0.507 0.353 0 0
6 FUVIAL —0.036  0.194 0 0 0 0 0.313 0 0
7T kEo 0 0.309 0 0 0 0 0 0 0
8 V7T 4 vIH 0 0 0 0 0 0 0 0 0
9 T— U 0 0 0 0 0.458 0.346 0 0 0

6 FUTNDI IATEELADL?

52— FRRAPISSATEE LI ?

7 DirectLiNGAM 7% 5 i 5 72 @BATHII2 2O C WAL 2T 7 DAGL
Fig. 7 DAGI for adjacency matrix obtained from DirectLINGAM.

AWl ZARHYETH?

0.180

\
3OoPNELLH?

FINC T AR T 7

8 DirectLiNGAM 7> 5 £ & 1L 72 B
DAG2
Fig. 8 DAG?2 for adjacency matrix obtained from Direct LINGAM.

H. 08V 774y rHEl wFhor o — hEH &
b HRBRITREN 2 h o 7z

DAG1 %, 14l 27 Loz TTH»?] 05
Ta— FRNANLEATET L] 6 F) 7w
W72 SATEFZLD? ] [T SAEDVE LD ? ]
[9 T— V%] TRERLS NG,

DAG2Z, [32hNnFLh?] [4nizneZsriid
DETH?] THERSNS.
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PI7TIZHK 7 Z 7 DAGL 2L, w7y 7 THS
N7/ — FBNES s / — P& — Fafl g
ERRBAR R —RER, o — z), FEHRRENAS SN
BAEIERRR R Ry, 2E£T. NRELIo72]
[6 FUTNVELZ] & [TEES] OFRRKIZEZD S
H.1EE] & 28 Lrok] & [TELES] N
[6 FUZNVELZ] OFEKRICED IS, [6 ) TLa L
72l e [TELES] R[5 a—= b X2 % L72] ©
FERIZRD A, [6 F)TNVELE] &[5 a— koS
A% L7z) AT T—v¥] oFEMIZRY 5 5.

M8 bEARICHFEY S 7 DAG2 #EL, w7 ay »
TEINZ ) — NI E s, /—F&/— FaiERgE
FRRENE KSR BIfR, FERRRENAT SN EE L RS R %
9. [4fADPH L] X [3¥EN] OFRFICED 9 5
HLIATHWLE, kDL BHENNTE 5.
DAGLAZ = VEHE LD LE, L{ED, XIFUTWV

LT, Ya— bR ATEH5I LI DL. LR
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VI7NW%a LT, £ a— MR T HE, T—)
RDD LD DL. FEERVIEZEL YT
WELTW5b,

DAG2 DAG2 5, iWE I ADHH A7 —VETEN
L TWA,

7. PWEROZHM

M 7T IZRERERERR L2 DOTH L. FEHREATRHRE
DI, EREH SN BEIPREDRL2ELTH
D, EOBEIZIEORERE, AOREIIEOR IR E
T3 BINEE o 0 SBINER o, 2 Z 2728 ZORRE)
R by & Lok &, IEORREFIIBINEL 2 OB
xt U CBUINA S o 2585 5 BtR & B3 5. —F, &
O R RAL B 2L 2 OB L TR 2 AV
Y3 HMREERT S,

COZEFRBEADERDEIIZVADL, A7 — )L
LAZERZBELIZAZ = VED, L{EST (hy=
0.309), K< FYTWTET (g = 0194) &EZE L7
S ESERE LA = IVED, I R) TR TE
T (brg=0313), £ a—bFRNAPTEL (b =
0.353) &MIZE L7 K RYTUNRTELLEEELZA
7= VAEE, XY a2 PRRIANTERY (b =
0.507), T—NVOBREENL»r o7z (bgy = 0.346) L HE
L7z, Sy a— bR ARTELEAEL TS AY —
VL, TV OEEEPE P72 (bsy = 0.458) &[]
KLz, T EBMPEWIETIEIC R TUNRTEL
(b1 = —0.036) & MIET HMHMIZH -7z, T OFERE,
R E N 7V T 2 RRBERAVREIN TR nZ L%
Bne, 7928 —1 (M5) ICXWBEoNHREFE
1T 70,

X8 CHRINLHEEEFZELHIE, HNEIAHH D &
BELTWDAZ — VAR, ENZERELTYS (g =
0.164) &b nol. TORKREIE 7925 —2 (X
6) ICEDELNIHEETIFETIZ. Do Lhb,
T U= MERPS, A7 = VIZBIML72 A7 = VERPS
BONBHREABNLEEx & Lz &, BULZEx 20
ATHZ e HEBBREPEICT LI LD TEZL VR
5.

72721, LINGAM (2 & DB S 2% o 72 KRB RIZD
Wk, WEZ T 70ERREITH L7200, LES720E
Lo ietE (FFE) IZOVWTHETERWw. 20
HIZBWTIE, BMEBRTHAZIT) 2, RREROMR
BONTWET T 72 78ARE LT, EEHEET VR
NATT 4y NI —=27 ZHAWTHEEREWIEL TAH D
WD 5.

—7, IOV TIIAHBIBR O 54T & KR BIR O 54T
TRLZ LR E R o7, HEABRTIIFERIEZ 7285 —2
WZHEEN, )7 T4 7 EIEOE pr s = 0.261 A
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Fig. 9 Hidden common cause of age and juggling.
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WOz AH. HEBBRIIBWTYH, FE L KUY TV
MNTELZEIIZEOMB p1g = —0284 2B D, D
X ZHIE TR D & |prs|l > |pisl & bl20, 75 A
Y= 1IZELRETH L0, HBEBROKER S 7245
VIR ISR F 0 F F V0, B
FREADSE DO A 138N p1,6 < p1,s SN72T &I
BELT, 7I7AY =220 ENTLE-72720, Fif
XL FY TN TELZ LMK BATHR L
hoTLE o7

V7T 4 v 7L, FHBEBERTIE 2 T A Y — 2 1258
SN, SEEE OMBIOTE S HFRO H7zs, REBRIIR
Ehzholz. T, MHEABERERET HMERTIELR
{0 VT T A Y TORENEL VD SERPE DI TY,
FEWABADH) T T4 Y T ORENEL 25D TH %R
W, 9D X ), FEHE ) 7T 4 v 7RO
FMEIITER L2 X ) 2D 575, WEBRIZIAHT
Y, FERRENTERL L) R RREBERZ RO KB 3E8H
ERDH % & O EUAMHETH L LIHRTE 5.

8. BBbHIC

KEETIEX, Fy H—RAZ—=LTOT 47— FREICED
W, 7y — MEHMOMBSH ZAT o 78RS
(72D L o7z TTm? [/ SAEDELN?]
[V 2= FRRNAD T EATEELD? ] [ R TR
72 EATEE Lz ? ] TT— v i$] omZIZHEIR
BRBHHLI L, [WinwkZarBndb)FTFanre] & [oh
NE L2222 ] ORGICHBERRSH L2 L8R L. K
|2 DirectLINGAM % H\W TG EREL, 77—
MEHMOREEABRERR T T 72 TR L7z MR
BICHD L 7 T AY =T ofER s, FEERICL L HE
77 7WFERE L, HEBROATIIREN o727
Y — MEHMOBBRMEZHL I TE .
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ERODLIENTELIE, ANVEIADNDHLEENLT
L EORBEREBRAIR SN, — T, FEik ) TT4
B ORRERITR ST, Fas EATAKIZY 7
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AWM FEOATIEHL NI TERP72T V7 — b
HEBMORBEEREZHASHICTEL LV AIRAES N
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Fig. 10 Estimation of causality.
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