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Analysis of Women’s Curling Performance, Digital Media DB
Construction and Artificial Neural Networks

Tae-Whan Kim! & Jin-Seok Chae?*

'Korea Institute of Sport Science & *Seoul national university of science and technology

This study has analyzed 33 domestic games and 26 overseas games by targeting women curling
teams of home and abroad, and looked into what main performance variables are, how level differences
of domestic team appear, and from which variables differences between winning team and defeated
team come out in overseas teams. Also, main strategies has been suggested that are used most
commonly for kick-off offense and latter offense, blank strategy in order to prepare countermeasures,
and digital media DB has been constructed that can utilize proper countermeasures easily and simply,
and a model has been proposed for predicting victory/defeat. To accomplish such goal, a variance
analysis has been carried out by dividing domestic teams into each level after calculating frequency and
ratio with SPS518.0, and t-test analysis has been carried out by overseas teams. Also, the accuracy of
victory/defeat classifications has been suggested by using an artificial neural networks method. As a
result, a lot of technical proficiency differences have appeared among Class A(upper rank), Class B(middle
rank), and Class C(lower rank) in domestic teams. The ‘Guard’ which is an aggressive variable has
turned out to be used more in upper and middle teams than in lower team, and the ‘Tab Back’ has been
used more in upper rank than in lower rank. Furthermore, regarding the average comparison on
victory/defeat in international games, victory teams have more significant difference(p<.05) than defeated
teams in accuracy of shot techniques and strategy accomplishing abilities, and victory teams have been
turned out to use less ‘Drew’ and more ‘Take’ than defeated teams significantly in Drew and Take’
technique variable. Finally, the accuracy of a prediction model has been 91.7% for learning and 92.9% for
the test result to predict the victory/defeat in international games through the artificial neutral network
analysis. The prediction accuracy of domestic games was 81.0% for learning and 71.4% for the test.

Key Words: curling, operation type, countermeasures, predictive analytics, Neural Network Analysis KISSW
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Table 1. Data analyzed

event Conference Name  period  games Place

The 95th national Kyungpook
. ~ castle
winter sports 223728 .
i curling
competitions sheet
2014 KB Financial 33 Jeonbuk

Korea Group Korea curling 4.11716

charmpionship game Jeonju
2nd Shinsegye Kyungpook
Curling Cup - castle
national 523728 curling
tournament sheet
The 26th Winter
Olympic Games in 2.7~23 s
Sochi 2 (Soch)
abroad —514 World gme o
Women's Curling 3.15723 (Saint John)
Championship

* The Korea Games: A, B, C class analysis grouped into
* Foreign Games: Analysis by a selection team which
contains 10 in world rankings
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Table 2. Predictors definition

Pre.dlctor Predictor variables definition

variables
Shot Shot Success rate (0~4 points)

ional . .
;?giigﬁie A plan: 3points, B plan: 2points, C plan: 1
Draw Sum of guard, come around, freeze, tap
back, draw
Take out Sum of hit and stay, hit and roll, run back,

take out, peel

Points 2012-13 Season Points

Ranking Score Rank chemical used to score the game entirely.

R}
-
3

o rlr

L‘
71—)2} Ha B

(
==

QJ_[Nrk)é

go

79 W*z}ﬁ% 2

st 7l o]l s de
<

2

]_
TS 59 A8 Yo
N

[e2x#)
= ox

=¥ o
=)

=

of rf r O = 1o N
R > S
)
2 oo mr Ao mo
2 .
2 (NG
2y o,
Jo ox
S: N o
zmﬁ
= r
2o
v &
=

offt
‘2
ay
)
H
>y
i
o,
e,
ﬁn‘
1o,
i

storming) < &
o] g3ty SPSS 18. O% o] g3t =3
g5 Tl e SR Yol MEFEA S k%l
o 2 AFFAA 2 LSDHH = AHEsIt). o 59
A5E olfstd Fa WU 3 <



406 Tae-Whan Kim-Jin-Seok Chae

NE2IER20
— NBAJFR <0

5
19 Ulvlfﬂ DBE T3 T
2oz oA HAle dZ2gE 7] 98 o=

o] T2 EMngHtt AFE0] Zth=(Choe & Klm
2006: Chae & Song, 2014 Chae & Jo, 2016)
AYEYE Adested dAg duelge tFAl
(MLP: Multi-Layer Perceptron)< 283t —?F
WS 2719 A(l) o2 WFsteta oS
= T L2 47HA], gA&-L B/HAHSE T35t
=282 (Fig. 2)° A8 (Table 3>—3—
Aed ol ZAATLS o7t =xjo] AAw
o] AA #fale] 74zl dlo|E ZHE <] ‘?_}5—1
% Z E]O]EM] ?501 A= JHH zrol)j =
A

T2 ZeA
[¢)

“Wér}rﬁro o o
HUOE_E;:,HU&,&J}‘)‘OE

2.
=
2l

Lo ooy

P

= P Hﬂ
©

ol >
2 44 ox

jQ,_I[-E—m‘-'
ml >

_1>«
o
=
I
o
=
o |
o
Q
e
ja
9/
M o H
-
my oo rlo
_0|L

ol
—_
N
%

>~

Dl
ofo

ofs

rlr

o

il l-«O l‘_&
o
S o=
o
oy oft
ljo Hj
0\'(\71 ot
<b O{N
£ o
ol
L
oo S
g
o, o
ol of
to >
o o,
o oz
fr de

X
_\9
)
S
o
ml
ko)
=
o
2
1%
o>
ofo
>
=
it
(e}
fr oo
ol
ol
2
)
ol

Table 3. How multilayer neural network calculations

Level

Contents

Level 1

Initialize the weights and thresholds

Level 2

Presenting the input and desired output

Level 3

Using the input vector to the second hidden layer

Evﬂ -

neurons j input value calculated. 7;

Level 4

Calculating the hidden layer outputo,

2j :'f.l(Ti”i)
by using the sigmoid function [f(z)=1/(1+¢ ")].

Level 5

Using the output of the hidden layer to the
output layer neurons k& input value of B,

EVIM v

calculated. B,

Level 6

Calculating an output layer O, by using the

sigmoid function. O,.= f.(B,,)

Level 7

Target output of the input patten d, and
calculating the error value of the actual output
O,, and 4, accumulates the output layer the
error to the error sum £ of the learning pattern
E};' O = ( pL)fA( pL) <dpk7 Opk) 0171»'(17 Opk)

m—1

E=E+E,, (BE,= k-Zlézk)

Level 8

Using the hidden layer and output layer and the
output layer the error value d,0f the W,
calculates the weight value of the error d,; of
the hidden layer.

m=—1 m—1

E O, Wiy = Zé,m,om -0y

Level 9

O,;output values of the hidden layer neurons by
J and ¢, in the output layer using the error
value and updates the weight of the output layer
W, obtained in step 4 and 7.

Wt +1) = Wy, (t) +08,,0,,0,(t + 1) = 0,(t) + 36,

[Thresholds adjustment]

Level

10

As in the output layer to the input layer and
hidden layer and update the weight values of the
Thresholds value. 6(t+1) =6,(t)+ 35,

Wit +1) = W;(t) +né,X,

Level

11

In the second quarter by step until all learning
for all learning patterns repeat.

Level

Error sum E of the output layer is less than the
allowable value is larger than the maximum
number of repetitions or is terminated.
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Table 4. Operational performance and shot evaluation guidelines

Basic +3 Points or more -3 Points or more Last stone

4Points:

4Points: Stop in the House 4Points: Tee front line House 4Points: Stop in the House ..
Stop the pole position

3Points: Incomplete or Tee guard ~ 3Points: Incomplete guard 3Points: Incomplete guard 3Points: When should 1

behind the back of the line back back stopped by one run to score
D . . . .
. 2Points: The house should not 2: Tee line behind the house 2: Stop the House proposal, 2Points: When should 1
a the desired position or not, not where you want but useful location stopped in two runs to score
w . . 1: Draw dwaet t 1: D dwaet t
1Points: Stone house in aw dwacfeuna not a raw dwaeteuna not a 1: When stopped by one of
. game and not related to the game and not related to the
stopping the shots thrown . . . . the three runs must be scored
desired location desired location
. 0:Points: not affect th 1t
0:Points: out of House 0: out of House 0: egress omnis: ot attect He Tesults
Zoom
4:Hog beyond the stop line 2m 4:Hog beyond the stop line 2m
F 4:Stop in front of the house
3: Beyond Hog line 1m 3: Beyond Hog line Im
r
0 2: Only the hog line breaks
n 2t Only the hog line breaks
i 1:Stop in front of the tee line 0:Exit house or not
0:Forward or rewind House 0:Tea line back Last stone guard?
4: Blind Stone completely No !!!!
G 3Points: Almost Blind Stone
u
a 2:Partial occlusion in the stone
r
d 1: A slight occlusion in the stone stop or a bad position
0:It does not cover or erecting a stone in the not too distant locations
4Points : Stone sent to the desired location 4:Send to a scoring position
. . . . 2:Reducing the relati
R 3:Similarly, sending the stone to the desired location educing te e 1.v ¢ score
a at least two points
i o I:Reducing the relati
S 2:House has stopped, but not the desired position scueing e r.e aHve Seores
1 point
e
0 Points: Failure Success O:Not sent to & seoring
position
4:Both stone placed in the desired location 4Two stones are all placed
Wick 3:Only one stone is placed in the desired location in scoring position
/ 2:0nly a stone placed i
Soft 2:Stone also deviates from the center line(Softpeeling) Y a' stone p'ace n
scoring position
peeling

0:No stone is placed in

0:Two Stone did not send all the desired location . ..
scoring position
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Basic +3 Points or more -3 Points or more Last stone
4:5cm or less in line 4.5cm or less in line
3:Cross brushed slightly(less 3: Cross brushed slightly(less
than 5cm) ) ) than 5cm)
Freeze is not quite necessary

2:Between 10cm or less 2:Between 10cm or less

Freeze brushed on board inv the situation ahead score.(It brushed on boar Draw to display
is better to show to Draw)
1:More than half past 1:More than half past
feeling(hereafter 10cm) feeling(hereafter 10cm)
0:10cm or longer pause next 0:10cm or longer pause next
4:Stone pitched a pause in  4:Stone pitched a pause in  4:Stone pitched a pause in  4:Stone pitched a pause in
the house the house the house scoring position
Take 2:Exit if both Stone 2:Exit if both Stone 2:Exit if both Stone
- 0:Do not hit your opponent 0:Do not hit your opponent 0:Do not hit your opponent 2:Exit if both Stone
out to stone to stone to stone

If the display is impossible If the display is impossible If the display is impossible 0: Stone is still scoring
Clearing Hit stay Clearing Hit stay Clearing Hit stay position relative

4:Stone is being pitched Roll to the desired location 4:Stone pitched a pause in

Hit scoring position
3:Stone pitched alive, but not the desired position 2:Stone pitching Stone both
& . . relative deviation in scoring
2 Points: Two stone all exit ..
position
Roll 0:Stone is still a relative

0:Do not hit your opponent to stone . . .
pause in scoring position

. 4:Two stone all exit .
4:Two stone all exit - - - 4:Two stone all exit
2:A stone is moving, a stone's exit

2:A stone is moving, a  0:One stone remaining in the If the team that won the

Cle . - o .
ar stone's exit same position pitching Stone remains also
ing If the team that won the marked Take out the four (:Stone is one that remains in
0:One stone remaining in the pitching Stone remains also ponts the house
same position marked Take out the four
points
. . 4:Stone left the pitch in
4: Stone is one that remains in the house . p

Dou scoring position

. N 2:Reducing the relative score
ble 2: Stone is one that remains in the house £ .

at least two points

Take 1:Reducing the relative score

- at least two points

t 0: Stone is one that remains in the house — —
ou 0:Stone is still the opposition

scoring position

s 4: Stone is one that remains in the house 4Run back .to the S t one
moti hangs scoring position
on 3:Run back Stony Guard did not hide behind 2:Run back both the Stone

and Stone departing opponent

2:Run back the stone and stone, all opposing exit . . »
In scoring position

Take

- . 0:St ition that still
0: Stone opponent still left (Imelopp051. on ?.SI
out exist 1 scoring position
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Table 5. Comparison between the average team

Win Lost
t p
M+SD  M+SD
Shot Success 3.14+£26 2.82+48 -4.07 .0001
Operations performed 2.67+.13  2.55+22 -323  .002
Drew 33.79+8.9 41.13£84 4.11 .0001
take 3732494 30.81£94 -329 .001

Table 6. Level analysis of variance

Top Middle Lower F Post-analysis
3.00 261 181
dekk <h<
Shot Success 130 439 446 101.4 c<b<a
Operations  2.59 245 2.08 -
<b<
performed +12 +£19 +£22 460 c<b<a
**p (.001 , a: Top, b: Middle , c: Lower

Table 7. Univariate

analysis of variables in the technical level

Top  Middle Lower F Post-analysis
G 11381 149+96 .60+76 421* c¢c<a b
D C 12076 143+56 1.16£89 .61
; F 6853 1.00£71 1.00+69 241
w TB .10£12 .06£10 .00+00 4.33* c<a
D 10747 89+50 .93+53 95
dawsm 4.15£1.1 4.87+12 362413 454*  a c<b
1 HS LI3£64 1.19£97 2.3241.3 10.05%** a b <c
1&; HR 125+.53 .81+.66 121+64 321* b<a
e RB .16+ .19 27+34 28+67 .79
3 DT 22416 J31+30 .28+29  1.09
U p 98+78 .57+94 20+23 623%* c<a
taif;“t 375:1 315514 430£12 358*  b<c
In 431+74 38311 50412 6.18%* a b<c
Tw“oln 3.61+.84 419412 291£12 607%* c<a,b

K05, p(.01,"**X.001 a:Top grades , b: Middle grades,
G:guard,TB:tap back, HS:hit and
stay, HR:hit and roll, P:peel

c:Lower grades,
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Table 8. Operations classified status of previous attacks

Operation Type Korea

1. Draw center-side guard - Guard Center 6 11 17

2. Center guard - Come Around - Freeze 11 5 16
3. Draw center-side guard-center draw 5 3

4. Draw center-side guard - Come Around 0 2 2
Guard-side draw-Com Center 0 1 1
Guard - Guard side-Com Center 1 1 2
Guard-side draw-Heat 3 0 3

Guard - Guard 000 centers 0 4 4

(two centers Guard)
Guard-wing-guard style 1 1 2
Switching operations of the draw *
12 1 13
proceeds guard
Take the draw switch in progress 6 1 7*
Switching to draw operational failure «
1 0 1
(guard)
Sum 46 30 76

* o] Fden A or A A,

(1) ME{E22-A0|=7I=-ME{7I= T{E

\/

000
000
000
0000

Fig. 3. Draw center-side guard-center guard pattern
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o] HeU(Fig, 4)& AT 457 I, B4, vhe
Q] B AEEE AHOR 29 9% A4 A
A9 54 39 284 28 ¥Y02A 39
059 Had @ o gl AgHr,

§2

(2) HIEZI=-HO2tZ = -Z2|= mfE

000
000
000
0000

Fig. 4. Center guard - Come Around - Freeze pattern

3. A ERp-Afo| E7fE-AlE B2 S

Hel(Fig. 5y o FHl el 24 olF/P & &9l
e F2 A% "ol oj7]x U A%
A gL Zrt=Es AMEA g 4*& 35220

o

—

(3) HIE{EE22-A0|E7I=E-HEIEEL TjH

E'Y
@c

) SRR
N

i
Il
¥
i
]
I
i
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']
1
i

000
000
000
eoee

Fig. 5. Draw center-side guard-center draw patterns
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o] A& F2 AFo] A1 Y& wf AHg-she FHl o]
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Atk 2%7] Y io] AFEHE =29 AkE V| Ro g 3
AAE AN Ao, FFHL o] Aok S 7| E

4-2. 71e} : ABI7kE-Afo ErkE-AlE] Folehes
o] Al L (Fig. 6)2 % Hol BF 374 7
Ag AR @ 1) F2 F4EG F3Ho] Aol
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(4) 7|E} : ME{7I=E-AD|E EEF-ME HOZ2E

raz

e Aotk R

< WEA 288 d5te 28
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A AoA A Yrtol dEE GEle 18T 4 ot
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o] AA HH e BFSIT F FelA FEd A o

B2 F 472 A st Table 9).
7o

T,C_L
I A 47 B
2 A39e Bl A
oA FEdta 9
7hEst 9 gepge) A Sk
o] Blo]zioks A7 Foka A 0.2 JugS
7] detel 94 £ AN AP Aol
2439 457 9S A o 59 J3E Y7

O,

Table 9. Classification into operation later

Operation Type

Korea foreign Sum

Guard - Come  Center guard - Come

Around -program Around - program (Com) 10

6 16
((CC?EL %&glefrgld program (com)
mission deploye
towards pthey Cem/zoguizrdsh-a Come 4 11
center pe
Sum (selection) 17 10 27
Develop Center Draw (guard, passing)
operations - Side Guard
of the sunnd ptr - Cad Ceer @y - > 17
the center @ Center (Com freeze, tap, hit)
Sum  (selection) 5 19 24
Draw center-side guard -
Guard Center (Draw) - 2 4 6
Draw - up Come Around Side
operations Draw center-side
continued guard-side Com-side 3 2 5
deployment of free-throw (HIT)
the side guard Center Draw (Passer)
after guard - Side Guard - 2
Side® Guard Genter (Draw, guards 3 6 9
pessing)) - Side  form)
Guard
Sum  (selection) 8 12 20
. Center form side daw 1 5 6
Other operations @Hﬂifg-(ﬂiﬂ S35 0 7 7
718 2 5 27
Sum (selection) 6 14 20
Transition game Draw -Hit (guard during 5 6
Operation the game Takeaway)
Takeaway Draw - takes shape 5 2 7
Sum 6 7 13
k. A58l BHoAL F3ol dedta 98 v
ol AgEw WA F34 A F 714 gol e
£ A"l 2, 43 AEst sesd ke
AR AL B9 FH1E Aol 220 3AS e A
|3 sh¢2oA Hol A4 At A& Alwste
7 $oltFig. T).

2. A EZ Ao crlr-AlE| = 29—
o] el (Fig. 8)< gol %

=]
oﬂ}\i o HC=E

W= L—‘—E

- |

Mg 99 MlE =298 AR Aol

Ne 3
Hole A AHYy 43P 4
cq x
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~EHE-AO|= 32 |

(3) MEI==S-AM0|=7}

[Zalx]-#ozlz=[zal=x] &

(1) HE{7I=-EHo2l2=-# 042

000
000

000
000

Fig. 9. Draw center-side guard - random-side attack patterns

Fig. 7. Center guard - Come Around - Come Around
[Freeze]Come Around [Freeze] pattern

(2) HE{=EE22-A0 =7 I=E-HEH=EER(71=) -ME S IE

: MIE{7[=-A|E =22 IiH

(4) 7|E}

000
000

000
000

Fig. 8. Draw center-side guard - Center Draw(guard) -

Fig. 10. Others: center guard-side patterns draw

Center attack patterns
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gt AlEo] Zogls AEEC] glo] s} 7tEgl
stte] ~2ECRE 28-S 517] A 9t} AR AlE
2 AFdA 44 W & F ok
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Ader} HEE FAE GES FE AT AR =
xop] Wit & A7 BN 2HE F
e FFEY AN AR AdS Fedo. £
Az d=g APste ol A F 7T A WA
T T AL WY Fol 2542 T 5 g =1
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Eo ] $32 7] Ag ol frghk F WA FEH R
T 344 A4 AR §LE wf Zdn, o] e
43 A AAHE L o AX G A 2ol F AR

ARl DBl 93 2 37HA7F 5 HAW
(Table 10).
Table 10. Blank classified into operations
Operation Type Korea International Sum
Take the game D 13 12 25
After the switch to the takeout
attempted attack game @ ? 2
Attack (defense) - the blank
of defense (attack) ® 9 2 1
Total 29 23 62

1. dolzobxAY e

glojZobxAd el A9 tiEe AFdel A WA
o] sk 22 oS W Ao drt AEE
T 249 At gles B wheF FFo] B
olgttd I dEE HolAoxAd e s AgPso] £
a7t 2 ksl w7 dd o] Y A diiE 2
HH1-3)=olA 8ol teed 1 olfre €59 4
Q0 o0
o0 L 3 4
e it o®

|

Fig. 11. Takeout game pattern
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Fig. 13. Offensive / defensive pattern blank redirection
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Fig. 12. Switching blank(take-out) during offensive
operations in progress
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Fig. 15. Neural ROC curve

Table 11. Artificial Neural Network profiles

Foreign ANN analysis
Area Under the Curve

Korea ANN analysis
Area Under the Curve

) Area Area
Verify
W/L L 862 W/L L 909
w862 W 909
DV W /L W /L
DV Operational capability, Operational capability, shot
shot scores, Drew, take scores, Drew, take, points
Hit Hit
L w Ratio L w Ratio
wain L17385.0tr“ L 10 1 909
. trainin ainin
Classi w5 17 713 R EE
fication L 7 1 85 L §& 0 100
Table  Test Test
W 3 3 50 W 1 5 833

Training 81.0%
Testing  71.4%
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