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of 3718 Aol thste] F53to] Wokth. F&oluh 22 o AAnAS fste] /AL AE vy
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Foto] FrIEA R FgetE s el i A7 S22 A= Hok o] Y2 2y LH o=

71549 Wee 7712 o9, 248k Al oIt (Reilly®} Thomas, 1976). o] %ol -l ik
23E2F-E A o] e FRolAs ALAA FH YL 715 0] 7Fs 3 notation system ©]-83F A
F7F A%= ek (Olsengt Larsen, 1997). Notation system-> Z7]o|A A5 £2UE 7153k
Ao g 27 2299 FA Y-S AN 715 Sh= 2ol E7bsTte] £ 2R AFE] &
AL 71553, =3 dedor 7 $23% Aeed] A AR ET}L E7Fsste] HFE 2y
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Eloll 74tel £74E e 0oz A2 Sirk (Hughes, 1996). 27170l of
2 Perl (2001), Suzuki®} Nishijima (2004) 5] dt}. Y o]# st A|AEHL X7 o
Aol o] uislsbA] Fakqint. Zeiut H 2 Sl vt A, FHo| gt 7]e
FA7IE LS AgeubE e sk Hdo 7 o]ojFH L (Goldsberry, 2012) ©] S vl&
Al 7189 &4 0] & AA S AT} (Taylor 5, 2008).
IT 7|&9 43 FAd+= E7Fs P B As0l vt Ao 7538t

o] 7Fs A B3t o] "o E Ax 20 glojis HEsE AAAHEE AATOCE A
A%, BAshe Al2"S 7sEkA stk 2014 Bebd 9ERoA = o] 9554 9
o] E Y SAPS] 71& EAA|~"l 3} FIFA (Federation International Football Association)]
ZM|8r 71715 (http://www.fifa.com/worldcup/matches/index.html )2 o]& 3}&H# o] &4
AdEolet & = ATk B AP E o3l IT71&S 7|tz /ikd uFIaz2Ake] 21
g83to] A0 S AATE 0]83F Keller (1994) 2} 22 A gHa o1 v oA Hoju} A A0
Aee EAsIA B,
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35 AANA 7P A7t Yt FROoE m2Ye] SR e Z4S 9 NG A2 ek
=G IT/1%9) 92 A/9P4E Ashe gulsel AEA Y HEED = o8 ugow st
A7l B AW L glrk. FTEBL ofrh e Dol ol A&k WA Beflo)/] upE
o, S7AY Arihgel e BHT Pol7h T8I o8 WPk 2v)=eh o] glojok 5t
th STAY wea A58 Holzke AjEToA A7 WAL AA Telshok S 2SS
34, 0, 4%, A 5ol Atk )@@ 2AF TN A AL FAANE S AAR TS} 2
o ZEYS olgste] BAT Holth =@ 47182 FAYT FHHOE o] oF A4S 44

fo
P

]
al 3 (generalized linear model)& F3Fo] £43)] B3kt
A AAEAL ARGl B AREEoR A %5 1 TS T RS HTe 2AT

International Football Association)ol| 7 7] tgt A2 & A F T £F3te] tpAdst A5 E Al
317]& SHAIRE 71500 tigt Aoyt AAE = A F1 AFEHE VTR FHF oA B
Lol &gt B2 oA x ibstA A=A ot Y= AGolth o Aol AMSH HFYE Axx
AR Al 8] FHlEkE A7)l wix|se] B4 A4 FA FA7F Fhs e RIAWS 0] 85t
AAZOR 9027 A9 2299 AFEY A7IWEE 7I1E T 5 QUth o9} B2 EeE 3
2013 K-2]1 76 A7) & T8 A7= S FEo] glojAl ol B t/delA ALl st 5174 7]
AT AFE Skt ES AAm oA £E e T 543, Aol gAY H-e] Jdx= F EA
g, HdelZ, Bl (kill pass) 59 S4& AT 1 ot SR Ao A71EEA A vt
SHFE AR Q7] wEolrt

i

AU Ao A e 7 "o 533 AEES Asie] S3o] AdET W e
3 A7E A3}ttt Table 2.19] SPSSe Modeler®] Feature =%

N =
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25.2 o] 28l AZE 9087 54 Aot} block2 F713 &9 £ulg7t w2 Yol Sl4E &
At geulo] #EE W4oln). peshotst F|GE|oojg]o] X Fo| el #E] BA4E Wiy Fuet &
d A Hgolrh passfreqs A7) ol o]FoX e HA~ 34E 5748 Aot def depth:
FH| Al FF0ACE AN AT AT pulee] AgE AT 2R Sl #EE Wy
oltt. avewide: A7) T 5, 5 A5 A=E SHT Aotk avedepthw 907 FA5
2} H3 vlgeele] FEAEE Ssith ksave_freqe Z719 71 ghohdll AA A w2 SA Aol
sprint_freq= ~ZZE 345 A3 Zoltl. dpassfreqe 54 AGoAA o]FoAR =aFola 3l
2 347} B9 & W5l sog T ow 3 A4 24T Al tempot 37 % & B
"37‘] ]7} Z EHX3SE v A2E & Ag$EE UERdTh hashotst s dE|dloj2]o] Bhe] 2

Table 2.1 Definition of variables
Variable Definition (unit) role
the whole team sprint distance traveled (meter) when the team

sprint_dist owns the ball predict variable
block number of blocking the shots except goal keeper
pe-shots shooting times in the penalty area
pass_freq total number of passes
distance between front line attacker and rearmost defender when
def_depth
opponents owen the ball (meter)
ave_wide distance between right and left player (meter)
distance between front line attacker and rearmost defender
ave_depth .
during the game (meter)
ksave_freq number of blocking the dangerous shots by the goal keeper
sprint_freq sprint frequency when the team owns the ball,
dpass_freq the number of non-stop pass from attacking zone
sog shot on goal
tempo total ball possession time/number of total ball touch from
attacking zone (second)
ha_shots attempts shooting in available area
results the winning game 1, lost game to display to 0 target variable

3. A+23

253} o] ARFATE] HDA] Kot HANE S0l et AFHA A7) ohE T5A of
Fup 7ol wlgte] BAROIUG. 2 2RAQ olf 27l et AR5 JeiE WEoIH
Elﬂﬂ = 53 2ol M7 (count) 7} Vst A3 it 71 &% 7 & E A7UL tist 7=

TR 57]"—3]'01 A7) Al st Hed FAo] E7FEFTE 20124 FIFAOXN = $4 €= KH
%% 716 st A8 E AlFetn YA o T 7)edE A7 nn) gt =Fo)n] FA o it
HEkst oot “‘I‘o] k. 2822 A SFA7Y B2 ATl glo] sufdd st 37175
TS EE Fto] SRS o535t 2 S0 B9 AFRE Hong 5 (2010)0] SERFE o)
3t 4= 7'107]““%% 8t 217} Choi 5 (2011)8] ARBUEQ IS o] &3 g0 Hst 24 5 .
oo wlste] A QS A7]7|F0] 7hsd theE 5 A$E B FZoA = AFIAAS o83 47
GRsl A7 (Kim3} Min, 2014)7}F 13, oFfollAe T4l B3 H7XE (Lee, 2014) SO ATt
ol gt ~x 24k o] AjH oz st ul=, J=, 7|8 FHATIA e dFEEH A7WEES 7]
She T Sl 3] BhE AT QAR T Yk, FHoIZo] B ATE wl S APL o]
Sk oWz ol R = Karlis®} Ntzoufras (2003) 5-©] 1t}

ﬁzju
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3.1. 394 FHFHAA

QW22 NElsle] A7|eEato)E B uA AFARS

S (results) & ¥R A4S t=
sttt sEe 23 sig 9o A7Y AeolE dlfferencei FEAIBTE Table 3.104 Ko WLt
d A E SRSl AARE o uet JE 2otk F A3l (pass_freq), 8] Al FAG9) v
o] A2l (dep-depth) 221 7] & #HF ¢354 4] A (avewide) T= 3 Ho] =7 Helsk
Table 3.1 Average test between wins and losses

Variable t value degree of freedom difference  standarderror p-value

sprint_dist 2.891 49 0.156 0.054 0.006**

block 2.405 49 1.141 0.474 0.02%*

pe-shots 2.325 49 1.92 0.826 0.024**

pass_freq -2.305 49 -58.294 25.295 0.025%*

def_depth -2.119 49 -2.28 1.076 0.039**

ave_wide -2.016 49 -1.782 0.884 0.049**

ave_depth 1.78 49 2.891 1.624 0.081%*

ksave_freq 1.771 49 0.675 0.381 0.083*

sprint_freq 2.25 49 8.378 3.724 0.029**

p-value < 0.05 ** p-value < 0.1 *

Table 3.20 7} ol & 2ge] AFE A2 sigieh. 371 el A=+ v 2AH Yebdou
JAE AT (decision tree)= 13/25 (52%) 2 WZ =7} thE ZAatol v)Ste] A velgth d74%
9} Eolx=& olXEFl et SAA Wyelnt. WIREE dwtdo®r o] ulgolg} s AA ¥

i

o] Fo7 BFEE HEE Uit} Table 3.2004+= AA| $E|3t 4715 $gdt Aoz EHH v
£9 =) Bolri 29 ujgole}t & 4 glo A uﬂf& 717k g oz HiE Hgelt
Table 3.201 4= 513t 371 e o= wa& HlES Ean
Table 3.2 Prediction results evaluation
Methods prediction W L
N W 13 (25) 13
Decision Tree I 1 24 (26)  37/51 (72.5%)
— W 18 (24) 7
ogistic L 6 19 (26) 37/50 (74.0%)
S W 19 (25) 7
iscriminan L 6 19 (26) 38/51 (74.5%)

3.2.1. SAFEAR

SPSS Modeler®] C5.0 SJAHEAWFIYE o]8sto] ARE 24 silth. AT BAsH7] st
o AANA7) FEE T5%E 3 HarkA] A4S 52 ARty B4 A3 AA 514 F 37AYS
oAl £t A= 72.55% 01tk A¥EE v A5 vk Table 3.2014 He
o} Zro] WIZFE7} 13/25=52%= ©]71 A 7]l thet A7 At AS ¢ 4 AQTh Figure 3.19
i Aol oshd Hp- Fo] 35.5uHED 29 27E 674717} 5 sskal 3551 B o] skl al
Zo| 3HT} 39 1477 & 1337} 017 A71=2 Be7t g9y BE2o] 30]atolw x| 3177
183717} 33t A712 B7 HAdt. E52 sHlES S5 tﬂ*Ol A o] Zel| of st} 2%k
718 2R Zolnz Wizl thE a7t IA vehd Ao g 4 & 4 Sl

oX ofy mr _?3

[e2
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Figure 3.1 Prediction results by decision tree

Table 3.3 Prediction rules by decision tree

ave_wide > 35 6/6=100 lost
< 35

block >3 13/14=93%  won

<3 18/31=58% lost

Table 338 UFEE Figure 312 3@ Zolth #elF o] maw S Zof 350)40] 5w
100% g A7leleh. o 2 wha WS Bolg Bahw AT Aol Bris AL ojuwt) L=
W o] o] BRIE S0lo% £RS W o4 Wolskw 4147 F 13¥e] $¥ @ Zlow ¥R
Holrh whuo] Sul57k 39 olshE B @ A9 A 314719 18¥e] G Ao HR} Hol
60%9) BEEE LhEhiTh ol HAl 50% SEETE 10% A% 5 otk dEdow Sulde] &

e AP Qb HE 2 L % ek

3.2.2. 22X A¥E 23S o]L3 HA
83 A715 12 A% 2AAERYY HIAT = 37/50=74%°]t}. WUA=E 18/24=T75%0°]|1 &
S A e A= vt 54 % LAt 24
ol g 5T & 5 Urk AFHE A e o] Table 3.40] o3t 59 o F7h=
A7) £l =7} 80% Z7Fsta, u) Al B7bdol 1 vy Zrksbd wiEt 9 =7} 37% et
< & 5 Atk GAEA RS FE Fo Zoj7t Weod gk Ao BRIEE Ao vt off
sAN T= S A5 FHl7bEe] AFH0lA] Rt
A& 97t e 2oz ZAF I Table 3.40 o3 B4 (3.1) ]t}

o|£& 19/26=73%°It}. 53} ol thit ztzte)

=
=
gl

™
Log (1> = 7.98 — .32dep-depth + .59block (3.1)
-7

Table 3.4 Prediction model of game using logistic regression

parameter estimate standarderror wald p-value exp(estimate)

intercept 7.98 3.79 4.44 0.035

def_depth -0.32 0.13 5.93 0.015 0.73
block 0.59 0.24 6.20 0.013 1.81
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3 AEUSE] A% Polu AL A Wil net 23
= H . A%w o] A= 38/51=74.5%0|c}. A
%, NgE 193 Solwt 2AAGIFRGT A 2 Aut Utk Table 359 EEEAS

BEAls) ASE AHEY HAANS, Sl A BRE, A5 HS Hol AN Y
%ol AW el s Ao vekdth. 53 F AaAss 4

Table 3.5 Standardized canonical discriminant function coefficients

pass_freq def_depth ave_wide block
423 .483 .343 -.579

Table 3.6 Summary of canonical discriminant functions

Function = Wilks’ Lambda  Chi-square  degree of freedom  p-value
1 741 13.768 4 0.008

Table 3.594] 5 1
Hol AF WA emw Fols BEE BEt 20w o3¥ 4 o B¥ da 2%
Kolmogorov-Smirnov ¥ ¥al o
T 0.059] vlste] FEE
1.18% Fol B & u=ch
Table 3.7 Frequency of gain

0 1 2 3 4 5
frequency 24 26 18 5 2 1
percent 31.58 34.21 23.68 6.58 2.63 1.32

Table 3.8 Summary statistics of gain

mean variance maximum minimum

gain 1.18 1.25 5 0

3.3.2. JFE5HNE Zolf 3ARY
Zold I RPEAL SASY GenmodE ©]-&35iTE ASE oA AT W} FAH #H
H ISR HAY AFE 4Uth Table 3.7¢ Aol &J3HH dpass_freq (=225 322)<} tempo 7t
7 &5 5319 V3= Zad I olfE B A 25 =7 28A Sule 2797 £ Al
]_

Zro] @] wjRoltt. A7IAFE fo] §& %3} Zo| 7b53 A oA sro] 7t 42 54| /)3
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7 gl f&
BEEe] F24L

[e}

AN

g Wl S3-¢] 20% S7Fhe wbe dubAQl 2 9% ket AR et
d = ATk 53 (gain)9] W= #Adt Zold FARFP AL (3.3)0th T}
o] Ao AW, [F3ht Table 3.10004 B0 Agwe] R53ho] glo] 53 A8 A3
78] (sprint_dist)ol] th3 FFu &2 HAs o] 24 (3.4)& HA3TE Table 3.9014 B0 23t
=7 AT HE @A AAslt

]

Log(gain) = —0.0125dpass_freq + .181sog — 1.04tempo-+ha_shots (3.3)
Log(gain) = —0.0125dpass_freq + .181sog — 1.04tempo+ha_shots + Log(sprint_dist) (3.4)

Table 3.9 Prediction model of gain in game using Poisson regression

parameter  estimate  standarderror wald p-value exp(estimate)

dpass_freq -.0125 0.006 4.98 0.026 0.988
sog .1806 0.063 8.24 0.004 1.197
tempo -1.04 0.387 7.16 0.007 0.353
ha_shots .085 0.039 4.76 0.029 1.089

3.4. 5Y 49 9@ HInY Y=

1Ao7 4 (gain) & W-SHSTE dto] B4 AAE Ax), AR 2yo] AT REFo]
Elb=t| o] Table 3.109] A3: AR & 4 9tk Table 3.9904 23t Ayw4
5 2 34 (dpass_freq) 2} tempo7Z} =2 Feo] Qo] B Z

R

7 & SAstdrh. 22 49 A58 A

of he FulgE AAst] RPRAL thAl Stk Table 3.119] A3t a7le] ATE FAGe] BF
T+

19 7 A 3" 23 o] A2 E 2

Table 3.10 Criteria of goodness of fit of model of the frequency of gain

Criterion DF Value Value/DF
Deviance 72 70.06 0.973
Scaled Deviance 72 70.0642 0.9731
Pearson Chi-Square 72 57.8318 0.8032
Scaled Pearson X2 72 57.8318 0.8032

Table 3.11 Criteria of goodness of fit of model of the average rate of gain

Criterion DF Value Value/DF
Deviance 72 79.2908 1.1013
Scaled Deviance 72 79.2908 1.1013
Pearson Chi-Square 72 70.9836 0.9859
Scaled Pearson X2 72 70.9836 0.9859
3.5. AHE o 8T FulgEA
3.5.1. ANz W Ex

Table 3.120A4 & 4= %o] AHE & z
&k B2 7442 Kolmogorov- Smirnov 3oz A
0.129% 2opf Fx 5 Wkl & 4 9lrh. A%-2 Table 3. 1301]
w2,

fabnt
o ¥
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Table 3.12 Frequency of allowed
0 1 2 3 4 5
frequency 25 26 17 5 2 1
percent 32.89 34.21 2237 658 2.63 1.32

Table 3.13 Summary statistics of allowed

mean variance maximum minimum

allowed 1.16 1.25 5 0

oﬂ‘i

rIo

3.5.2. A9 Tolf AR
A% (allowed)ol] #3F 232 ofef o] Table 3.14014 K nie} o] Lo #d & W47t glo] 5
vl Al 357704 (def depth)} A5 FF F (avewide)s FEAIok= HFEE FAF U Table
o

31400 % BYAL (35)olch mF Aol oJstul fu] A F47HA0] You Aol 9% 7leiskn 7

$ o] Yol 6.5% JlojRith. AARYS] AWAFEL SR A48T Aot QAT 5
Hlo] 28 W4 B5E B 18] Bokou AR R F231A 23t} Table 3.129] 2
ol oJeiel Hakaiz shutel Wakrlo] 2t AR E AR Ao et}

Log(allowed) = —4.9 4 .085dep_depth + .063ave_wide (3.5)

Table 3.14 Prediction model of allowed in game using Poisson regression

parameter  estimate  standarderror wald p-value  exp(estimate)

intercept -4.90 1.26 15.07 0.001
def_depth 0.085 0.027 9.91 0.001 1.089
ave_wide 0.063 0.03 3.91 0.048 1.065

SRRt Ll e HeR ARt xokd JRYPor Atk B3 A=
= o}g] Table 3.1504] H= n}e} Zro] Deviance= 13} 7}FZA 9 Pearson 7}olAla%A %] 1 Zk}
OB Aol7h 8L @ 4 Ak Aol HE HARPE Suo] B BAYASE QAW 54 2
) BTEE Ptk 290z B YA, Table $16949 2 + 4501 A A AUTAY
o) BE 12 Zete] HAFL Uehich Tejnz A NEw 158 ALY BYS AFdte
47 s}eac}.

Table 3.15 Criteria of goodness of fit of model of the frequency of allowed
Criterion DF Value Value/DF
Deviance 73 81.4111 1.1152

Scaled Deviance 73 81.4111 1.1152
Pearson Chi-Square 73 66.8545 0.9158
Scaled Pearson X2 73 66.8545 0.9158

Table 3.16 Criteria of goodness of fit of model of the average rate of allowed

Criterion DF Value Value/DF
Deviance 73 95.6589 1.3104
Scaled Deviance 73 95.6589 1.3104
Pearson Chi-Square 73 94.8742 1.2996

Scaled Pearson X2 73 94.8742 1.2996




Performances analysis of football matches 195

2 AolAe AXAEE E83ste]l £51 715E BEdlE FU1HE St w4, srlEeR e
of Ztztel mlA= 2E BAh Sulell BF B2 37HA] IE5RFE Fate] AAEITh 371
A 2R 23 mYe dudes pulgel 49 ML 7AF o] FART 7 Solol e 5
8% 24dS & 5 A0l sAYEN fHlYe SHN APRYoR BT A 579 TR 84
€ e Afstn =aEdact 249 mar|gnh F WeE FAAIES) e #do] Y AoR
o Sl glojA whe #42 & 471 A% 274 842 YEpgTh 1990d =] & 24
AR a2 Ax 539 88%= 43| vlwke] sjaclA Aot (Hughes, 2004). 1RHF )5
S} 27197k 2HIH A @2 ARl B 4] &t avta & 5 Yo kel sl
Al ST Fe Fo] T8I 84R Uyt 4, FHOR ARE Eo e sk ¥
el sl 348 HEAA oA 7P 2% ARE £ 5 e 290leh sl (Harrise}

o = 2~
F == 0
gE0] Fdks Aozt E 4 ATk

ox,
>
Ox
bl ..

Reilly, 1997). o] 3]
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Abstract

The team’s performances were analyzed by evaluating the scores gained by their
offense and the scores allowed by their defense. To evaluate the team’s attacking and
defending abilities, we also considered the factors that contributed the team’s gained
points or the opposing team’s gained points? In order to analyze the outcome of the
games, three prediction models were used such as decision trees, logistic regression,
and discriminant analysis. As a result, the factors associated with the defense showed
a decisive influence in determining the game results. We analyzed the offense and
defense by using the response variable. This showed that the major factors predicting
the offense were non-stop pass and attack speed and the major factor predicting the
defense were the distance between right and left players and the distance between front

line attackers and rearmost defenders during the game.

Keywords: Decision tree, discriminant analysis, logistic regression, Poisson regression.
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