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2% 2 Fopl Aol YEAQ AMARZA A28 SRS W47t SAR A2 2E2 WEL 2
£z e} HEo] 228 WES Bl 1YAeE A7)0l olsh e, olol wel 2 Wl =
Hseoll ek WS}e R4} ol Z0] RART FRAAT. 53] F7e A hE ATA A7l0] wg) A
T A7 AW 5R357E Ao, F "ol 5ol stk qlo] A7Vt FREE 2TE wol Holv &
Fog 7479 SA4E B4 g A7t &3] ol Fo ALt (Seongd} Chang, 2007; Lee,
2012).
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oj¥iEF JAY Xokd RYPL duiy AR Xoks BFPE 20w AR st Zojth WA o]
WM Fol (bivariate Poisson; BP) = 37012 24 (Ao, A2o, Aoo) & A=Y Uy, Us, Z7} 2+
ZF Mo, A0, oo FPEOE Sl Fol BEEEWE W, Xy = U+ 7, Xo = Us + Z2 RAYH
(X1, X2)E BPE wEt} (Marshalla} Olkin, 1985). W EEZE= X; ~ Poi(\1), X2 ~ Poi(A2)Z
A1 = A10 + Ao, A2 = Az0 + Aoos THESHTH

o] FAx3A B2 olHEF I AE (Y, Ye)+ olHH A7 EZolg: (bivariate zero-inflated
Poisson) 22 23 4 ok (V1,Y2)7) pool &2 (0,002 223, p1o FEE (Poi(\),0),
p28 BEE (0, Poi(\2)), p128] EEE o|¥Z 2xold ExE wE wl, (V1,Y2) ~ BZIP(po,p1,p2,
A0, A20, Aoo) 2 F7]8CE. olwl po + p1 4+ p2 +p12 =1 ©)AL, FA] A1 = Aio + Aoo, A2 = A2 + Ao e
Flesi=

Haol HeJA p1 = po = 02 7HF 31 Kalis®} Ntzoufras7} Akt BZIP(po, Ao,
X = 1o + A20 + doo 0|2 FLH,

Po + p12 exp(—A) ifyr =y2=0

fBzIP(Y1,Y2) = )
(1 —=po) fer(y1,Y2|A10, A20, Aoo)  if y1 # 0, y2 # 0,

o] 7] el A

min(y1,y2) AL = \Y2—i \d
fBP(yhyQ‘AlO,)\Qo,)\OO) = Z 10 20 00

J=0

0-0 2345 vehd F-E AT UM A A= BP(Mo, A20, Aoo)= THEHAL 7HE 7 A olth.
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W —)lya )t < PN ppz =12,

177 AR A% 0-08 ofyet 1-1, 2-2 9} T2 FHo] A o] WIHIEZE 0-05 2
3t SHWA & ppE 18 3te] tlZEY (diagonal-inflated) o]z Eold BT At =
FHE] 02 AoE & ol4d EXE fo(wld)E 3t fo(yi|0) = F2 Zoks BxX, 7HEX, dedt
o|x+e B (discrete(J), =0,1,2,--- ,])O]D} J =04 o 0-0 A 18s= Aol J =1¢
o 0-07} 1-1 A=, J =¥ o 0-0, 1-1, ---, j — j 4% 1= 2AS K3tk S J =009 o]
HEF ) Xold Byolu, tiztE O]t\ﬂ F 2ols oA Pp = 00]H oz XZolg Rt
4=y el v 2ok

(1 —pp)fBP(Y1,Y2| 10, A20, A00) if y1 # y2,

forep(y1,y2) = .
(1 —pp)fBP(Y1,Y2|A10, A20, Aoo) + P fD(y110)  if y1 = yo,

A71oA fp(y1|0) = =3tk 22 Al 7HA 228 a1y
1) fp(y116) ~ Poi(0)

2) fp(y1]0) ~ Geometric(0)
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P(Y:yl):(lie)y17197 y1:172737"' .

3) fpo(y1]0) ~ discrete(J)
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A A o oo

H
o

BZIP(po, Mo, A20, Aoo),

= B7B.

log )\10 = A?al, log )\20 = Aga% 1og )\00 = A3Ta3, log 1 — o =

D0, A0, A20, Aoo = A E TFE Wl o8] dusjmz AT AT, A, B 242 A9E T3 1 x ki,
1xka, 1 xks, 1 xks AHAS NE 0T a1, az, a3, = AH A T3 ky x 1, ko X

3AAS HE o). (Yh,Ys)oll thdEhy ﬁoa T A 228004 HY BYP S AZTFTE o %
3] 43| Wy sl

3. 28 A

oL,
¥,
Ehs
X

23
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B AFAAAM AR AksE 201549 39 TEHRE 2018 99 9L7HA] AAIE Alel-gla A7) A3} =
2ol R bivpoisi 7] A (Karlis, 2005)& o]&3le] B4y Alol-8l1 A7) A3} A2ol= 7+
271 @7, T 2 98" o, A W F 5H £, Avy/ 3 3 545, A/ 29 Al
g3l 7125 o] Jot (F=EZ2E7AW). 201537 2016 22 4529 2] A7), 2017de] 4122
771, 2018de)l 297He] F7|E F 1613¥M9] A7]|7} o]FFTh A7)E FE 4~10Y9]] o]FjH o
w 2015937 201630l 2370] Ho] Fofste] A71E APt 2017d37 20180l 1 YF, S5
Kela =25 9 kit dof Aoz 22709] o] A7|E APt A7 29 5 Foie o 28%0|a
Eelo] £% AE &F 38%, 9" 523 F9E o 33%oIth. F5R A F o 35%7) 0-0 °)
3 °F 41%7F 1-1, °F 19% 7} 2-29] A3E Bt} (Figure 3.1).
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Home_Goal

2 3 4 e

Figure 3.1 No. of goals at home and away

A BAS AN A3 AAAA A7) Ao 7AW AA S-¥4E Adske AR A
we] 7] Aoz WA SAS B S0 SH5E AU 2ol 0% Aot Busic
2.329] RPN HSHTE V1 =T A S-S, Yo =94H] JA SHFS s
vi —F9el $ud 514, v, —98He] $d 5242 Dot 54 Ho) FRA 449

. T AT

Ao met 39 A, BV ASHE Tor QAT A" vE  Jenw AuHs A, A2 R
¢ 99 2H 9 94" d 2A 23, FH 9 94 A S, A "t 22 At
Aol A7) A3E nE3ALt. Avbd 53¢+ first half goals, AWFA F8-&-2 first half possession
rate, AA] SAGE total goals, THFHA S+ second half goalsZ %713t £7719] 7% home,

57719 49 avay® FE ol £k Table 318 W5Ee] LIEATE Holz

Table 3.1 Summary statistics

Variables Mean Min Q1 Median Q3 Max

first half goals (home) 0.55 0.00 0.00 0.00 1.00 5.00

first half goals (away) 0.49 0.00 0.00 0.00 1.00 5.00

first half possession rate (home) 0.51 0.05 0.47 0.51 0.56 0.73

first half possession rate (away) 0.49 0.27 0.44 0.49 0.53 0.95

total goals (home) 1.35 0.00 0.00 1.00 2.00 8.00

total goals (away) 1.23 0.00 0.00 1.00 2.00 5.00

second half goals (home) 0.79 0.00 0.00 1.00 1.00 4.00

second half goals (away) 0.74 0.00 0..00 1.00 1.00 4.00

2 7 7 ol ol $9 0 AEel W A v g Fde) And 2r4gen FH
A SHa /30 SHeS dWety 949 Ankd Fr1d3or AR AA SHe /3R



Kyoung Hee Kim

Yun Seo Heo -

1648

| S84 =

x

o A
452 ARSI

3 By A0, 94 HE
S U= 2SS dooe

d
29

o] | A

~

lvde AT R

3

ok

SN=E

1
0

jse]

o
-
#H
o
2l

oy
0

o

jise]

el
RR
o
ol
I~
sl
By

s

By

fas

1B°
o
s
w

M.W

io)
2

o))
o0

Bo

&m

ALY FE thel Eo

(Y1,Y2) ~ BP(A10, A20, Aoo)

log )\10 = A?al, log )\20 = A2Ta2.

ise)

(Y1,Y2) ~ BZIP(po, Ao, A20, Aoo)

log )\10 = A?ah 10g )\20 = A2Ta2.

)

jade]

(Y1,Y2) ~ DIBP(pp, A10, A20, Aoo)

log Ago = Agaz.

log )\10 = A?al,

oy
W
T
ap)

A9 A

al
=

13
)=

Table 3.2= &

o], loglikelihood 2}

ol 44 5

2729

i olHe 2ols 3]

9]

ey
el
o)
ot
®r
ojy
‘_.__mo
oy
G
oy

ofy
op
oF
ol
W‘_
H‘_
&
)
i

s

AICS} BIC #A7]

34

I

{5
By
)

55 Afetle w o AE3en BIC 347&9] 4% & AHAl

o o ekt

o



Analysis of K-League data using bivariate Poisson and diagonal inflated model 1649
Table 3.2 Model fit (Y7 =total goals (home), Yo =total goals (away))
Models Explanatory variables No. of Log AIC BIC
parameters likelihood
1. BP team effect 51 -4137.71 8376.06 8686.09*
2. BZIP(J=0) first half goals 52 -4140.70 8378.05 8694.16
3. DIBP(giscrete,d=1) 53 -4140.30 8380.07 8702.26
4. DIBP (gist=poi) 53 -4140.14 8380.04 8702.23
5. BP team effect 53 -4135.56%* 8375.74* 8697.93
6. BZIP(J=0) first half goals 54 -4138.55 8377.74 8706.00
7. DIBP (qiscrete,J=1) first half possession rate 55 -4138.15 8379.75 8714.10
8. DIBP (gist=poi) 55 -4138.00 8379.73 8714.07

2 2015~201811 27) ARl 27} OhE 8700l AL AGPERL W B 5> 2 1> 2al 8 w0
295 24345 Bolvh =23 Avbd Ao R A S35 AW A Ao evkd S3eE A
3}k 7%l Log likelihood, AIC, BICZko] T 2H}t.

o) ARE TSl oWy Eohs HARY F S4B RYsel Ak AARY 5 $4E B
g Aty 7 ALE vwston 2018\ 2104 1~695 XS €] ©¥ &35 Table
3.4, Table 3.59 7]23}3]t}.

Table 3.3 Model fit (Y7 =2nd half goals (home), Yo =2nd half goals (away))
Model Explanatory variables No. of Log AIC BIC
parameters likelihood
1. BP team effect 51 -3688.23 7477.56 7787.59*
2. BZIP(J=0) first half goals 52 -3689.46 7478.28 7794.39
3. DIBP (giscrete,i=1) 53 -3688.76 7480.27 7802.46
4. DIBP (gist—poi) 53 -3688.05 7478.57 7800.75
5. BP team effect 53 -3683.00 7471.10%* 7793.29
6. BZIP(J=0) first half goals 54 -3683.77 7472.06 7800.32
7. DIBP (giscrete,J=1) first half possession rate 55 -3683.63 7474.04 7808.39
8. DIBP (gist—poi) 55 -3682.88%* 7471.98 7806.32

Table 3.42} Table 3.5+ ZtZ} 252} 2382 3|7ARY A3 A5 o=} 23 59 23 8 &2
% £99) QA SA%0) thal $R) AN AfgRT ANA SA5) o Gk 9T, A A
A 5 Aol sl AFYe] A SAFRTH ANA BHE] o7 o Aol S L HolETh. T
97 949 $9 S50 thal AAs) A5 JFAnTE ANA AFE0) FPo) 2 A
o

3] Tl va dFEe Ak /g0 =255 Tk 53 tist JleA o] okt 74 |
o Ak 534+ Tkl 5349 39 AARAAE de v AR SRA5E G AARA T A,
Z- go] ANk /82 A SEFEY Sukd S 2 4FS £t 2¥ 89 A% AASHS
E USSR o838 REAAE A FEY FA%e] AY 028 7Y 59 AUPEH A 22
FES HoFa ok
Table 3.6 23 59} B8 85 A 83t 23 sl "ol FHY AE 78t 4t 534 ()Y
B ALY A2 7Pt A 58S (Vo) BFS AA THY A9 JEs5Es ¢ 9%
2d Ao Fg5Ase) vw st Aottt Table 3.691 4 #|A]8F RMSE (root mean square error):=
Zr A7)0l ek AA| S5 o A3 g Aol & AlFsNA H s groll AlFgaS Hs Folh

59 82 FH A2
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Table 3.4 Estimated regression parameters (Model 5)

(Y1,Y2) team name home  away o alz a3
effect  effect interce goals  possessi interce goals possessi interc
pt (first  on (first pt (first  on (first ept
half) half) half) half)
Y1 =total Jeonbuk 0.35 -0.46 -0.17 0.54 0.29 -0.44 0.58 0.70 -3.41
goals (home) Gyeongnam 0.16 -0.31
Y> =total Ulsan 0.15 -0.28
goals (away) Pohang 0.24 -0.29
Suwon 0.27 -0.25
Jeju 0.25 -0.27
Y1 =2nd half Jeonbuk 0.64 -0.66 0.54 -0.01 0.79 -0.85 -0.03 1.31 -3.14
goals (home)  Gyeongnam 0.31 -0.46
Y5 =2nd half Ulsan 0.22 -0.46
goals (away) Pohang 0.33 -0.45
Suwon 0.40 -0.38
Jeju 0.42 -0.41

Table 3.5 Estimated regression parameters (Model 8)

(Y1,Y2) team name home away o1 aly a3 D
effect effect interce goals possessi interce goals possessi interc
pt (first on (first pt (first on (first  ept
half)  half) half)  half)

Y1 =total Jeonbuk 0.35 -0.46 -0.17 0.54 0.29 -0.44 0.58 0.70 -3.46 0.00
goals (home) Gyeongnam 0.16 -0.31
Y, =total Ulsan 0.15 -0.28
goals (away) Pohang 0.24 -0.29
Suwon 0.27  -0.252
Jeju 0.25 -0.270

Y1 =2nd half Jeonbuk 0.67 -0.640 -0.54 -0.01 0.77 -0.86 -0.03 1.33 -4.00 0.03
goals (home) Gyeongnam 0.33  -0.45
Y2 =2nd half Ulsan 0.24 -0.45
goals (away) Pohang 0.37  -0.42
Suwon 0.43 -0.37
Jeju 0.43  -0.40

®e B7d iz 4 oz 23

g9 749 =44 AFge] WF Lol te A8 > £9 > AR =
o 28 ARE oo A@glel © A4 &l rhw & 5 ok AAE A
2 Sk 2015, 2016, 2018 2|24 195 AR ot} 23E 9o A
A 2 A4d o uf AA B SESE 47 1635, L1572 EHA AL o =2 o =

=A%
WA w8 A An T e 2= 77 1380, 13185 AA S v AL xfol= WAL} ulb
W sgee T8 9 94 d o) AA B SALE 27 1571, 156308 Y Ei AAE9] ofi
9} 2 Aglo] HEE SHLE Holxu v A% A F 2ol N BE YU w 1.686, ALY
o 144602 $8 0 O L A% AES UEPIG, T w89 RMSE: $99 A9nct 947
go] 7397} 2asH] WA LERdT

whedsz Te 9 9P Fubd SA4E v v 59 59} v 82 THY Ao Fut
A SR450 579 Viol oe] AR > Ad > a4 so7 2 28 Uiy, 9499 49 SukA
=450 P79 Voo the] AE > AF > 9 208 2 2+ Yepirh. AL A Suid 37
=447 59 0 06860121 AHEY W 0.761% T 2O Tad PF SASS By 2
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Table 3.6 Average goals and average of fitted goals using model 5 and 8

(Y1,Y2) team name average goals model 5 model 8
Y1 Yz Y1 Yo %! Yo
Y7 =total goals Jeonbuk 1.855 1.778 1.831 1.799 1.831 1.799
(home) Gyeongnam  1.472 1.366 1.511 1.326 1.511 1.326
Y2 =total goals Ulsan 1.300 1.239 1.359 1.178 1.359 1.178
(away) Pohang 1.5635 1.157 1.380 1.318 1.380 1.318
Suwon 1.571 1.563 1.686 1.446 1.686  1.446
Jeju 1.714  1.352 1.656 1.407 1.656 1.407
RMSE 0.941 0.923 0.940 0.923
(Y1,Y2) team name average goals model 5 model 8
Yi Yz Vi Yo Y1 Vo
Y1 =2nd half goals Jeonbuk 1.145 1.028 1.137 1.037 1.154 1.052
(home) Gyeongnam  0.931 0.789 0.899 0.828 0.905 0.831
Y2 =2nd half goals Ulsan 0.686 0.761 0.750 0.700 0.746 0.694
(away) Pohang 0.986 0.629 0.835 0.776 0.849  0.787
Suwon 0.800 0.930 0.887 0.830 0.894 0.836
Jeju 0.929 0.817 0.882 0.845 0.882 0.844
RMSE 0.877 0.852 0.881 0.855
29 5 4% A3, UL 0 0752 AL o AU 07057} £ FUA HF SHEE ebile)
SHRE 2AET AR ARt F99 0 S 37 SA47L 049 o S 9F 5
ol Ms) EAW R 5, 29 8 BF 949D 0 F0d AF S84 Aol $9L o) T B2
S84 AR BA depith T 239 AA AL skt 23 8¢ RMSERT 2 5]
RMSEo] o #emw 2t o) 2] Eobe} Aubd 545, Aud 58S 1eld o ¥ Tols 37
m3o] $9 3 AFYe) Tl S-S o 2 AYsE nyolen wusan

2 Aol vk R 59 3 94" A S35 Be S S3SE et AYusE
o 2R 2, ARk S, ANk AeS T ol iEk xokd IR e AT 879 IR
= ol&ste] Alol-2la A7) dIAE EASITE oM Eolf RPN T LYLLEN el Eo}
< X5 s A FARY ] 94T ATE Hol F RS o] &3 I AAT} AE vl
SHATh wa A3, ARS FH, 9" of et AR ' A B 52 AR YEyth &
g2 Ad 537 Akd AReEt 8 A Sl o 2 dF] Jl 9FEL Avkd 54
FHo Avd Af-go] 971 A Sl B 2 9%l € AeE Ytk

Alel-2]2¢] A7) A= wis) Fejrt AsHA 9 B AFollA duasE ARSS Avkd s34,
AR AfE olejol B7) Aol dFE F= thde 2] SAE Aozt o4 5 vk 7 "
SHTE o dEsl £457] S8 2, AR ¢ 5 e A8 43 T v i
£ 13 BYPL o] 85t Hs FHAT 24 oS50 7T Ao E Atgdh
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Analysis of K-league data using bivariate Poisson and

diagonal inflated model'
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Abstract

There has been a steady research for analyzing number of goals of soccer game
(Seong and Chang, 2007; Lee, 2012). In this study, eight regression models including
the bivariate zero inflated Poisson regression model were fitted to K-league data for
2015-2018. The response variable is the number of total goals or the second half goals
for home and away teams. Explanatory variables are the number of goals for the first
half and the first half ball possession rate of each team. We chose bivariate Poisson
regression model and the diagonal inflated regression model with Poisson tie probability
distribution following several model selection criteria such as log likelihood, AIC and
BIC. We found that the first half goals of home teams have a higher influence on total
goals of home teams than the first half ball possession rate, but vice versa for away

teams.
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