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The characteristic analysis of winners and losers in curling:

Focused on shot type, shot accuracy, blank end and average score

SungGeon Park' & Soowon Lee**

‘Program of Software Convergence, Soongsil University & School of Software, Soongsil University

[Purpose] The purpose of this study is to investigate the characteristics of the winners and the

losers of curling games to provide the winner strategies for the curling stakeholder. [Methods] For this
study, data was collected from 2014 Sochi Winter Olympics web-site(http://sochi2014.curlingevents.com),
which covers 199 games in total. Using the collected data, we extracted additional data such as the shot

types and accuracy per players, team average score per end, whether or not with hammer per end and

so on. and then a Chi-square test in statistic package SPSS 23.0 was used. The statistical significance

was considered with p< 0.05. [Results] As a result, it was found that there were statistically significant

difference between winners and losers of curling game on the shot type and accuracy(Draw, Front and

Clearing). It was also found that there was not statistically significant between winners and losers about

the number of blank end per end. It was found that 9th end average score was relatively lower than

the other end in both the winners and the losers. It was found that the characteristics of the winners

tends to be successful in more point from 5th end to 8th end with hammer and steal without hammer.

[Conclusion] In conclusion, the strategies to win the curling game is to improve the shot performance

of Lead and Skip, to organize the operation sequence for the successful blank end, and to develop the

database and software in curling.
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Eth end Eth end Tth end

| A Without hammer  With hammer With hammer

|l 0 2 ° B Withhammer  Wihout hammer Without hammer

Fig. 1. An example of selecting the last stone according to
scoring in curling game
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Table 1. Types of curling operations and shots used at the
Sochi 2014 Winter Olympics and the related literature

Shot type

Literature
Draw, Front, Guard, Raise,
Wick/Soft Peeling, Freeze

Front, Takeout, Hit & Takeout, Hit & Roll,
Roll, Clearing, Raise, Clearing, Promotion
Promotion Takeout, Double Takeout, Double

Sochi Olympics

Draw Draw, Guard, Freeze

Take-out

Takeout, Wick/Soft Peeling Takeout

Through Through Through
AY 7471843 #de A7 24 54 =7 E "ol
ek 2 fr3E Hla-EAstke A7 7] SHE A5
o] A oA By d7E 728 5 ol 299 A
FE& vl E4shs APl Y f3 (=25
glo]Zoks) % A S <=l € A A
A/FeEE FEste] 4T d7sc] F2 HuHa
ATHPark, 2000: Baek, 2003; Cho & Baek, 2003;

Lee, 2005; Kim & Yoon, 2008; Heo, 2008; Kim, 2009;
Park et al., 2013; Park et al, 2016b; Kim &
Chae, 2016). A% 77|54 #d AFolA] d=r X
A g X _}@ 2.3 yf/\qo] =93l 74.5_} ) RE-AE

= o= -1

o B4 $E, 2
& 54, 3) ¥4

489 A7} Wzdol A A
Y= Ao e (e
Al wet WslEE= A o=
(Willoughby & Kostuk, 2005), 747 |7 <
oo 2 HHdlHE AlE ¥ S8t TR Aol 1 Y
olom ZREr)

Kim & Yoon(2008)2} Kim(2009)& =g 3} <
THe =299 HolFoky g BT Kim
& Yoon, 2008: Kim, 2009). Yang & Lee(2013)
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A HE de 53 22 I MFE FE9 2
g 74719 E4< 489 tH(Yang & Lee, 2013).
Park et al.(2013)¢] e = 20129 EAoidd

AARSRANE S B AL AAF B A=
8 A 59, AN A0 49, 453 Be A

= L R



Curling, characteristic analysis, shot type, shot accuracy, blank end, average score 519

737] AR (1~542) 2 TRk (6~1041=)
EA3519 1 (Park et al., 2013), Park et
2016b) 2] Aol LA FAEHI o ZAriet o

s

o

{u

2,

([

4

2

>

S X
=2

ru

2

o

X ofl

H
2
lo,
re

2
K-y

ot rir o
HI
=
2
D)
i)

flo fo -
2
o
ot
o
T
O
o,
2 e

ko

2
[
s
o
olr
I
_\'-:1‘
ox, my rfm

»
2 N
ML
o
Jot ol
KB
| i
.
o S
N fi
- [e3
>
o
g
ol
=
8 o
e o
o,

-
N
)
[
2
X
1
=
29
o
&
it
R
; o

]

Ae F A=AE

ERAERT

Ak, SHAIRE, 2 ATelA]

7159 3R AAE AL
o

ot
2
>,
oo
il
f

fr w2 o fr
:01:,‘

o = o

o X

B

, 2

|
o
>,
ﬁ,
2 ot Mz
(x4

o

fu

e
!

|

- e o®
¥ B o ale O %0 ol

= il

T
SN
e
4y ©
o
rir
o
o »
A
Y

N
[T
2 -
_lle E
ER
RS g‘i

oft py 12

rH
ol

>,
o)
i)
+r
X0
O

N 3o
mﬂjﬁm
o
[
5y
ol
=t
AT o

> ox
N
ol
=)
ol
re
-4
s

iu

b o

ofl
)

*0,
M
1
o
-5

oo

o rlr

\n}

~ N
>,
r)

N
R
fl o
v
=
i

n

o)

o)
ofo
oo ok ok
et
flo ra
-
=,
o
fr
iixS)

Qo tiek Fagge] 2
At (Yang & Lee, 20135 Park &
Lee, 2013: Park et al., 2016a; Kim & Chae,
2016). &gt 2d 7|9te] 48] 53 o & 2g AT
TA A27F oA 719 A¢ w232 A9l (Markov
chain)<& o]&3 A+= AT + 9l

Willoughby & Kortuk(2004)¢] A& 2
A7 10912 SHe g 119 A7d A A] A
gt} 14 o7]a Ja A3 48s 719k (Expected
value)©] #til(up) st ©]5 E(UP) &= Fdata,
109E FHoR 11dE A4 29 Al Zidr 1
A A3 da $3 S 719%ke] Wk (down) ot
o] o]5 E(DN) o2 xdst] 49 53 d& 23&
Al ekatAthH(Willoughby & Kortuk, 2004). o] A+
A AtE Ay 3 oS B = 11dE dFA
29 Al Agell 18 b A (EUP))o] 3o 13

Norr o oo X
o
Q.
S
=
N ol

i iy tlo
ko
rE
o

2,
>
ofr
o
=

A3 9 FEHEDN) 2t A710A seld g8o] =t
3 AAEL JTHE(UP):0.713 ) E(DN): 0.287).
5, AN E A-$F et A7t HS T8
stk Zolt}, &3k, Willoughby & Kortuk (2005)
<] A& 84l FAAFAE 7Eo R 7]

H g, 9dEdM s £33 A

Hlo] ol Bt 8] AR £ A2 B
90 2 539 (Willoughby & Kortuk, 2005).
AQlg o] &g AT = 1= FFo] F
3} A% A+ (Kostuk et al., 2001)9+ 7z
o m& #A9 A (Bae et al., 2016)
ARIZE BaE a9l sl2 sz Ale w2
4 (Markov property)= A o]t && 74
(discrete-time stochastic process)< <Jv|sh=H],
7|14 & Aol o && 3] o) HolA|=
Ao d& dss FH R Rdgstet Ay
= Mdelt}. dE 59, #e 7714 dle A=< A
7H{0, 1, 2} Al 7EI7F 9, 1dEe 14, 2d e
04, 39=& 24, 49=% =
24, TA=%= 04--old 7t A= 2 ok, 3l
qeo 5L o)A =9 e Pk wol 2% E

i=)
(rd

~ rﬂ
=l

o »
re

it

o
o

oo = rr

L
ox M o 1%
e

>,

,_.
o
o
e

n
rr
)
ol
»
e
[
rr

lo
2]
X
o, T
my r
=
i
i3
=
XN,
R
i3
9,
|
i1
o,
2
o
ofl

offl

©

e
re
-

o Mo
2

(e}
ME o M

o |
)
]
i
o 12 rlo
N
o
N, o %)
ol
= ol
q% %,
S
R

ox N

g

- e
o

tln ottt
o
N

o
S

oo du e > oaf

o
&
o,
~
=)
e
2
2
-
©
N
U

9

~
=
o
to M o

X oo o

ol

)

ol

N,

4o, ofy

o

B

o
2 o

¥

il

s o

rir

)
Moo
Oi ok
of Y

L el o

22 Ok on,
20 N

1o fo
J|m
o,
o
o
1%
_O‘L
rlr
o
)



520 SungGeon Park-Soowon Lee

-,
re
-4
il
of
&1'
U
i
g
ofv
>
1o
=y
Ry
1o

-
o
fru
>
oo
_?E
&l
_>;
=)
P
2 g
£
e
r ot
o

4 rm
1o,

o, i

=)
ol g
o> ox, R 1o
o fot rlo o

T
|t ofk
s

Y
o

7] 9% A4 A7 BEE e
1) AR A £ B8R/
2) TAME BT % FHE 2A(SA/AA)
3) d=4 292 A= F B4 EA/AR)
1) A= /50 BE HE 54 9 FAREA
(523
a7y
Y

A e 2014 2¢ 10¥ 5 2€ 214704 A
JH 2014 24 FASHY A7 770t} 2014 &4
TAEHY A7 77ld 27k © A2 Table 29
2t} 2014 2XFALEHEY 4™ 771 9 7 1070

1

ol kst on, Al B B $58 A%
o o YAy dge $ALYe 218 2

A, AR AW FASH

33.3% (3% 692 £3 <9 89 7IEdt}. Table
29 AIAE Ranke

3] 5 $9 £HE vlith

M

HOIE| 47 X 24

2 AFoM= 2014 & BALEE 4 E
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Fig. 2. Entity-Relationship Diagram for curling match information

Table 2. Characteristics of participating countries in Sochi Winter Olympic curling games

Tom Rk Game WL o) TEOE NER Mom o Rk Gme w1 gp ogr W
CAN 1 11 9 2 818 - 30.4 CAN 1 11 11 0 1000 - 32.8
GBR 2 12 7 5 583  Win 302 SWE 2 11 8 3 727 - 332
SWE 3 11 9 2 818 - 274 GBR 3 11 6 5 545 - 23.6
CHN 4 12 7 5 583 Loss 282 SUI 4 11 5 6 454 - 33.6
NOR 5 10 5 5 505 - 332 JPN 5 9 4 5 444 - 29.8
DEN 6 9 4 5 444 - 31.0 DEN 6 9 4 5 444 - 26.6
RUS 7 9 3 6 333 - 25.6 CHN 7 9 4 5 444 - 28.0
SUI 8 9 3 6 333 - 254 KOR 8 9 3 6 333 - 26.8
USA 9 9 2 7 222 - 292 RUS 9 9 3 6 333 - 24.8
GER 10 9 1 8 11.1 - 38.8 USA 10 9 1 g8 111 - 39.2
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Table 3. The descriptive statistics for shot types by position of the winners and the losers

) Winner Loser
Operation Shot type - - - .
Lead Second Third Skip Total Lead Second Third Skip Total
Draw 638 551 615 661 2,465 708 586 572 615 2,481
(33.1%) (28.5%) (31.9%) (34.8%) (32.2%) | (36.7%) (30.4%) (29.6%) (32.2%) (32.2%)
Draw Guard 100 131 128 102 461 135 122 150 111 518
(52%) (6.8%) (6.6%) (54%) (6.0%) | (7.0%) (63%) (7.8%) (5.8%) (6.7%)
Freeze 0 2 4 1 7 2 2 1 1 6
0.0%) (0.1%) (02%) (0.1%) (0.1%) | (0.1%) (0.1%) (0.1%) (0.1%) (0.1%)
Front 262 117 109 154 642 229 105 116 202 652
(13.6%) (6.1%) (5.7%) (8.1%) (8.3%) | (11.9%) (5.4%) (6.0%) (10.6%) (8.5%)
Takeout 345 414 385 369 1,513 340 426 381 376 1,523
(17.9%) (21.5%) (20.0%) (19.4%) (19.7%) | (17.6%) (22.1%) (19.7%) (19.7%) (19.8%)
Hit & Roll 179 207 216 162 764 176 187 222 182 767
9.3%) (10.7%) (112%) (8.5%) (9.9%) | (9.1%) (9.7%) (11.5%) (9.5%) (10.0%)
Clearin 148 195 149 157 649 112 207 175 143 637
Takeout & (77%) (101%) (7.7%) (83%) (84%) | (5.8%) (10.7%) (9.1%) (7.5%) (8.3%)
ake-ouf
Raisc 64 61 76 72 273 48 69 78 70 265
(33%) (32%) (39%) (3.8%) (3.6%) | 2.5%) (3.6%) (4.0%) (3.7%) (3.4%)
Promotion takeout 44 64 63 65 236 42 49 48 52 191
23%) (33%) (33%) (34%) (3.1%) | 22%) (25%) (25%) (2.7%) (2.5%)
Double takeout 122 177 166 142 607 106 164 163 136 569
63%) (92%) (B.6%) (7.5%) (7.9%) | 5.5%) (8.5%) (84%) (7.1%) (7.4%)
. . 19 7 6 7 39 14 9 13 8 44
Wick & Sick | (1 0e) (04%)  (03%)  (04%) (O05%) | 07%) (O5%) (07%) (04%) (0.6%)
Through 9 4 11 10 34 18 4 11 13 46
0.5%) (02%) (0.6%) (0.5%) (0.4%) | (0.9%) (02%) (0.6%) (0.7%) (0.6%)
Total 1,930 1,930 1,928 1,902 7,690 | 1,930 1,930 1,930 1,909 7,699
(100%) (100%) (100%) (100%) (100%) | (100%) (100%) (100%) (100%) (100%)
Table 4. The result of shot types chi-square test by the position of the winner and the loser
Lead Second Third Skip Total
X2 p-value e p-value X p-value X p-value e p-value
25.330 .008* 6.820 813 12.164 351 12.440 332 11.861 374
Table 5. The result of shot types chi-square test by the winner and the loser
Shot type X p-value Shot type b p-value Shot type X2 p-value
Draw 7.882 .049* Takeout 0.262 967  Promotion Takeout 775 .855
Guard 4.350 226 Hit & Roll 2.280 .516 Double Takeout .548 .908
Freeze 3.745 290 Clearing 7.971 .047* Wick & Soft 3.364 339
Front 9.480 .024* Raise 2.714 438 Through 1.628 .653
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Table 6. The average shot accuracy by position of the winners and the losers

Winner Loser
Operation Shot type . . . .
Lead Second Third Skip Mean  Lead Second  Third Skip Mean
Draw 84.0 79.4 80.0 713 80.2 84.5 80.8 71.2 79.9 80.8
Draw Guard 88.3 83.6 83.4 79.9 83.7 86.9 81.1 833 78.6 82.7
Freeze 0.0 100 100 0.0 85.7 100 75.0 50.0 100 83.3
Front 87.3 80.3 82.8 81.8 84.0 90.0 76.9 78.7 714 81.9
Takeout 86.5 79.8 80.0 79.7 81.4 85.3 80.4 80.6 83.2 82.2
Hit & Roll 71.4 75.6 81.5 76.5 77.9 83.2 82.2 83.5 80.5 81.3
Clearing 84.6 83.6 80.0 82.6 82.8 79.9 80.3 81.3 80.6 80.6
Take-out )
Raise 82.0 71.5 72.4 66.7 74.3 95.8 76.1 73.1 75.0 78.5
Promotion takeout ~ 79.5 80.5 79.0 80.8 80.0 83.9 76.5 79.7 80.8 80.1
Double takeout 81.6 79.9 72.1 81.7 78.5 83.5 71.0 79.6 78.7 79.3
Wick & Sick 63.2 82.1 91.7 78.6 78.6 83.9 63.9 69.2 68.8 72.7
Through 34.4 62.5 92.5 63.9 65.3 44.1 93.8 81.3 40.9 55.6
Total Mean 83.8 79.8 79.7 78.6 80.5 85.0 79.8 79.4 79.6 81.0
Table 7. The result of chi-square test for the average shot accuracy by the winners and the losers
Draw Take-out
Operation Draw Guard Freeze | Front Takeout Hit & Roll Clearing Raise PrtZlTe (())tlll(t)n gﬁgg}; &W;cil;k Through
x> 7.882 4350 3.745 | 9.480 262 2.280 7971 2714 775 .548 3.364 | 2.563
0.49% 226 290 | .024% 967 516 .047% 438 .855 .908 339 464
Azfott, A7) A7) $Ae TAAIE BAglo] 7h=d 7)., 2% 72719 sAst A 7 22g, ZRE, S
ek Hit ok Aot g did s w4 e @ Skl et it Ak e %74131 o7 FoJg ol
ok £, 249 47 SA9 2qe Aae 2T g 9k o2 Uekdth(p0.05). YiAoR 52
ERE(5181.8%, N:T7.4%), 2NoIY(5182.6%, A& A7 A71N SA9 Ak BAgle] Akl Al
9):80.6%), UI& Blo| Aok (5:81.7%, H:78.7%), & ¥=x ¥/ dehbEd(S: 24657, 9: 2481
< 9 2 (Wick & Sick) (5:78.6%, #1:68.8%)°] % M), & dgelA gl=oh 23] FAMY] Erg A HlE
e ﬁﬁx}l‘ii‘r iAoz 7 YeEd. of T UE EAA vE AiiA o g #A Ve o] &
£ agjo] e B F JUACR dolEA B % Holth(Table 3) #2). —;‘6‘1 29 77114 5739
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7ol A& Al&dtr] A sk Ul wijx | #ARile] "t Aed i Agoz =4 Jeidt. 433, <
W 2EQ AA(S3, A 2B AA)E 22U % A AAsE AR 29 A4 10429
Qhwd] w2 GFS 08 5 oo} 27k B0 Be 2 dE F(EF 24 638, F3 A4 373/ 4F 2
B, @ @7 ASE U % ek @ A 368, 4B A4 628 the deol el )
Aoz A ded. ol2a Aske 9AEsAe) v
dey 233 ds 4 Q5L AR 14 o4 &4l A2 Aol
298 834 gen A AVl 2 4 gk
Ad 7714 £83 <=(Blank end)= %715 Aoz 27 spsaith, 1 e o g T2o] B gdl
Adste F 8 27 540 e U ZA9M, 2198, 7.1%)9 99=(153], 8.8%) £ =
ol =9 T4 wA7E AW oofxl= B0l W 2 gz ¢ vg) mq]; oz =/ Ut E
dE 5°], 8d= A" A1 (Without hammer), B 3 =A9) gele Txe] Bel= e 27} shAHT A
g2 ¥ (With hammer)olgta 7Fgsta 9= &2 fA oz = Vet AL -Zr%f% hslth 9ole T2
A dE7kEH 1029 M3 AY, BEE £ | o Balg e dAe -3 A S8k 109
5 e¥adeEs i "o A Y 52 v =2 330w ojoz 4 9l WEo|t} oA, A
oSS Almete 2719 A o] 23 "rh(Park 7719 S} gjAF 7 Bl A e 4 B zol7) 9l
& Lee, 2016). &, Wiy Baa A=k 2709 = gow etoy EARCR fojd 529 Aol
T o137 ~167) s Ul 28 7 AHAS = YehdA gt
2 Hojo} gL k= A&l 3]y spge gix|on &
T A7lo) 2o B3 AsT 248 2FA|F o} 3t} A=l M/2T0 ME EF ST
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Table 9. The result of the average score per end by the winner and the loser

525

End
partition Total
1 2 3 4 5 6 7 8 9 10
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