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Competing against professional bowlers and an experienced amateur bowler’s scores:

single-case design

TANAKA Kiyoji *, SASAI Hiroyuki *** *** and HANAMOTO Masato *** *

Abstract

Purpose: This single-case study tested whether competing against professional bowlers affected ten-pin bowling scores in
an experienced amateur bowler.

Methods: A 64-year-old male amateur bowler, with 22 years of experience and a self-reported average score of
approximately 200, participated in this study. Scores on 290 games were recorded from April to August 2016. Information
on presence or absence of professionals, throwing arm (left or right), bowling alley (alleys A—F), and the number of games
per day (1-6) was also collected for each game.

Results: The overall average score [standard deviation] was 206 [28]. Scores achieved with the dominant right arm (n =
133, mean = 208 [26]) were slightly higher than those with the left arm (mean = 205 [30]). Scores achieved while playing
with professionals (n = 31, mean = 184 [24]) were significantly lower than those without professionals (mean = 209 [28]).
After adjustment for throwing arm, bowling alley, and number of games per day, presence of professional bowlers was
significantly associated with lower bowling score ( =—-18.8, P =10.03).

Conclusion: This study demonstrates that scores for an experienced male bowler are strongly influenced by the presence
of professional bowlers. This suggests that assessing factors associated with ten-pin bowlers’ scores could lead to

performance improvements that could potentially enhance enjoyment while playing this sport for health promotion.

Key words: Ten-pin bowling, professional bowlers, single-case design

lFL®IC FHR) IZBEHET151% LHET10.6% &> TWb,

RN U7 TOAR=Y ELTEAIIBI R
bitd & &b, 1960 FRENL L TV v — AR —
VELT—HERICACEBELTE 7, RBEK
R & 5P 23 SEAE ARG AR V12 L B &
WEVEMTRY ) V72 B LAZADES (1TH)

A Y TOAR—VEABOITEIE L [+ —
X7 BRI ] ICIRWTHE 2 E > THBY,
WAEMICH D LTz, KREIRICE L FhTw
HAR=Y LWz b, FTETIE, HEETE T FOI
BRSO Y D700 HEKIGE L L THHEHEZED

* SR INCS NS

Faculty of Health and Sport Sciences, University of Tsukuba

Faculty of Medicine, University of Tsukuba
T HARARA S

Japan Society for the Promotion of Science
2R = LRV

Spole Bowl



22 HHPEARR - R IAT - AEARIEE

T\/‘% 2-6)O

ERICEFBELINTVEAR—YTHY )
5. Ry 7ICEY ARG D T2
. FOBEHEUR N7 + —~ v AOH EE K
KRIEARWHR TR\ FRZART ) VT O T =<
VADIRETHAAATIZEL T, M7 T
O—F% Lz#EERLTE<Rn™Y, 2hiT
Fxlx, B—Fp 7 A 2w 12k
&ﬁ%% LHD ) b7 =L HTHDLDN, A

WCHETLIEaME L TnD, /2, 7ubd
077%177b>é%bua“%lllz§j:/£@z:7?~&
AW Y 2BV, 1HDS by —24H
WWADTIIHEST LI FERTAE L HIZ,
AT DEEE (BERED) X R TD/NT7 & —
TUALRIBTRBEIRENTHL I L 2HEL
TWh, ZOLHIS, HERBEATF— 2 HTH S0
el WHERICHE T 2HGEEED TE72b 00,
FNUMNONBER S 2T TITHET LI LT
MEND, AERODESE LT, HRICERT 5
FPER OFAED T LN L0, FEEDHFEN A T

TINEET D0EPIEHS A Thv, 512, FEE
MTARY T —=THAGEL, TXFaT7 Ry T —
W&o Ty N T+ = VAL RITTHERRKE WD
EDTFEEND,

Z 2T, AW TEHABR T 7 — OB —FpHIHK
D&, AaT7EBRETAEHEROVEDO L LT,
TOURY T OHEFIER L, TOREBEOHEL
BEABRFETAZEEHME Lz, 2B, AWIZED

—FHEGN, MRAREETH L.

AFFEIZBVWT AT 2 HET HERI G2

. BEHA R — /thWDﬁﬁ% i‘5®i5
&ﬁ%@%@%m S ICERO I X Vs
Té%%%%iiéoﬁﬁuyf%@%o<h%¢
EAR—VO—HB L LTRYHEEICIZ. L E
WRAOT EESL, BLAP BT ILIZLD,
RN Y TOBBCHFS L) A EEZONS, £
TINS OB RRRE LT, XYY Y TOE L
LIEEPHFTE S,

HREFE
1. WMRED S FEEH
RIFFEDORGZIHFED 64 BBE1HTH Y,
XRE D HKIX 168 cm. AE T 65 kg, body mass
index (BMI) 1323.0 THh ., BENLAEETH -
720 B B EEAREIZ20164E9 HIZHDHS L7z
RIFFEIZ . HRERNDP SR TORA T
T =5 OFHICE L TERTORFELZH TV 5,

2. BCHEGICLB AT L JEEIER

MREL, R v 724, 2016 4F 1 HER S
TOHEFIYA a7 5% 205 FI&RE. H) BLO
#1200 (FEAMI &, /2) & Wik Co%Ek % SRS
FEETEZLHMETH Y, H 3 EFE, 1 P
67— AREOREEEETLHIEZT CH o7z, B
FVER OIS 7TEHTHY. AMTA 2
R—VOESIZ15F2F 16K P, ARTR—L
DEIIFISRY FTholzo HTFIZKLLE VI
G810 FE Y, ENTHFEE Y, BEIKLLE Y
@ﬁﬂ%k%’S%E?BlUl%t/?%oto
B, BiE=7 7 MAEUIEAT3 [, JEAT0 [
CFHOHELTWS (F 1),

3. RARHICED GAERE
mw$4ﬁ~sﬁif®%W®f70y7%V
B AEEROBEO A 3 7EHR (FITHEHES. FiFs
KE) @207 — L5 WEL. KUY Y T7DRa
TiE. ARBVEHES D LERATE R EORS
(— I 4) CTHRERLZZBO A a7 % 0~ 300
DTS L 720 TOMOBMEIFHE LT, ik
(fEti). K2 78 (AL B, C. D. EBXUF)
BIO1HOHFOEMr—2a (E1~67—24) 7
EDLETCREF L, B, &7 —20HKEH,» 70
RS — LD TD o 2D GEH b REARND
HOEE L7 SNHDORAITT B X O HEFRIL.
SNREAEGPH A4 ORI LR T 2D L T
Wb XENSHH L 72,

4. fRETERAT

ARWFFE I E—FHBN D CFZETIED 505, T
LOREET— 7 Tldanizo, 7— 7 Btz
WELTHW L7z ZUDIZ, 17— 20FKERR 2
THR1IDOERERL L, FHEREERE, &
KA. Fwe/MEZ & OREREE =L BERBE. ST,
TURT T = oEg, 1 HOFX =228 L7z
(£2)o K2, 227 % HWEK, 7ufrys—£&
OBG % FEBELR. W, BB L0 — 24
52 PR e L-EOUG 2 L7z (£3),
Z OB, Wt e r—AlEUE, 237 & ORIZEAR
MWREDENNWT Ehs, ¥ BRI /-t
THRE L LT o 72e TRTOMITIZIE. 4 —
TV — AT BR B R 3.2.4 for Windows 64bit
(http://www.r-project.org/) % FI\ . FEats2n0A &K
HE1X 5% IZREE L 720

5. ZRICHITH2RNEDF &
AR TRE—FEDVNRETH L0, HRE



TaERY T — DS EHFERY S5 —D AT ORHE~H—FH T A o~ 23

F1 NEREOHCREIZL 2K ) > 7 B

FRBRAEEL

I O R EIE

1 O — 28, G
RSB A a7

(& i)

e GERI & i)

WE 1 ERORERE (72 )
ARTAIZR—=IDES, KRR
AT R—LOES, KK
ERILE DY, F

(& i)

e GERI & i)
BRECELIES, &
NRBAR—=T =7 Nalgk, [\

(& i)

72 GERI & )

22
3
6

205
200
7:3

15,16 (12 fE¥H)

15 (2 f%H)

10
7
5,1

2 HERLZBI. HFT. TORY T — Lo

ITHOTF = ANEIZHIZR YY) Yy AaT

SR AN - § S FEHE(R 2= 2N B KAH

BER U7

= 157 205 30 95 278
H 133 208 26 149 300
)

RV 7B A 74 204 29 95 257
R 75 B 143 208 26 133 300
R YT C 12 173 23 152 221
RUU L THD 32 216 28 162 267
ROV TBE 20 211 33 149 278
RUU L THF 9 189 15 172 208
TaRy T — L O

B L 259 209 28 95 300

el 31 184 24 149 236
1 HOZF— A

1% —AxH 80 209 28 159 274
25 —A5H 80 204 29 133 300
34 —AhH 80 210 28 154 279
45 —N2H 40 195 28 95 278
547 —5H 8 208 20 191 254
67 —A1H 2 224 28 204 244

OWNBEINMKL TERLEDTWE, NEDOFH &
I3, 201644 H~8 RIcBIT L2 7uRy -2 D
BEE AR L, FTO S, K, By - E
BEO=20MHIZBITHIRNEIRYE) . NEFIH
it - L, 2ot - EE LA, A
I7 OFEFHRIT CIE LN REMAGDE DL 2
LT, EENEOFRILE X - 72,

" R

ki, BT Ky v 7)., 7akrys—t
DOHFOEEBLOC I HOFr— 20T A2
TAZOWTHERFET & A K 2 (5 L7z Bk
TlE, 72 (205 = 30) (2~ (208 = 26) TA
TAE o720 BWITIZ L BEVIZOWTIE, Ky
) U7 C (173 £ 23) R F (189 = 15) 12k, R



24 HHPEARR - R IAT - AEARIEE

F3 KoYy 237 OBMEER

TRENFFREL FEHERR 75 Pl

Bekhn (Zefiz 2 HR)

p &yl 2.0 3.2 0.53
BT (R U 78 A 23 R)

Ry U T B 4.7 3.9 0.22
NVRING78" X6 -14.0 12.0 0.24
Ry Y 7HD 11.3 5.7 0.048
Ry Y THE 9.3 6.8 0.17
R TBF 1.2 13.0 0.93
TRy 7 —Lops HEeLESR)

B D -18.8 8.8 0.03
LB =2 (G175 — LR

2 A —AhH 4.7 42 0.26

34 —A5H 1.2 42 0.78

4 % —1H -16.3 5.2 0.002

545 —25H 3.1 10.0 0.75

67— H 22.6 19.6 0.25

) v 7 A (204 £ 29) X B (208 + 26). D (216
+28), E (211 £33) T, AIT7HE wﬁm
T2o THERY I — L OB OHMERTIL, %&
(209 + 28) IZHAT, HFH D (184 £24) TR
TA325 Kk o720 1 HO — ANHIZ L 5T
. T 2B 22— kN0, e r—
LH (224 £28) B ATTAE L RIZE 3 r—
A H (210 = 28) DED o720 —Ji. B4 —2H
(195 + 28) M d AT 7 HME D> 720

W, TaRT T —LOEFOREEE 237 2B
T AN L 2B A MG T B 7o, BERB R Y
e 1 HO 7 — AEZ B & L2 EBR5HT %
th<§w ZFOWRER, TURY T — L O

I, BHDHENE XN T 188 AT TN

= JEE\/‘\_ EDTRE NS BEEREEIC X BT L 725
Haz/hs O (BEBEAT2.0 BB MEHFIA ==
bROLNL o7z ) ¥ ZFEFHIDOWTIE,
L LR ) V7 AICHRTD T3 &
AT PEBICE NI EARENTZ, 1 HOTF — 4
NEIZDOWTCiZ, SIREEE LB 17— 2R TE
47— NT163 HAITHAEIMMNZ EAVREN
725

zZ =

AWZED HRgIX, R 7 — DR —FHpI2 D
&, AATEHETLHIERNOVLDL LT, 7HR
VI —LOBFIIERL, TORBORELEEE
Mad 52 ThHholze TOME, TuRyI—L
B LTWDE, B LTV ARWEIZHR 19 A

AATIMENZ EDHLE D E RS, ZORERIE.
BERBIR R ) 7. 1 HO— LEO 2 L 1L
M7 LTz,

TURYT T —LDOHEFNHLHEATTHEL
ofcHlIE LT, K7+ —20FNE DI,
RV AY— FRMEER L E2 D LD &) #as
AEESHEM LI L, T LTHHERO 2 WEEO
TUOHDNMITFONTVWAEZEIIHTAETL Y
VA —RBELEEOR S EPMEMICHELT
WDLHDEHREING, FITKBE LKA TIE, 2
TAT . ARTORT ) VIS BERE. OARKRY
) 2 TG ARBERE DS OISENEEIIO LD -
TWHHDEEDLNE, D LX) BRFREDONEIC
HOCHBELEDIC, L—rarFaia v OREE
P23 9 =D OHHIZEIT 5N 5, REDHELEE
B, 2LTRy ) 7Y (BEGET) CLoTL—
YaAVF AT a IIEALT A LDEN, LHoTa
AT 5 X9 ZEHkEOEBVRETIRL —
a7 Y a yONEEEEERNICED, AaTH
2K LT 2, RRENT T LEST H5GHO
3. TOL)IBRETHY ., MERSLIIRL
LWEER L = a7 v a A0 L) IA et
JEATRD 5D, FDORD HNDIEITIR GH 2
AR L TWTREERH ) . 2072071 L O
FTIE, FEIVORATTPEL o200 TIE AW
PRI NS,

LWL —raryFava TR SENEAIG
TIOVEDE LT, R=NVREOHAINEITHN
ho lFEAETRTOTORKEHRBGITERLTWY



TURYT T — L OBESFEIGHAR T T —D AT O~ BT A~ 25

HRFITOTRFTEFIZ TAELTWES
BoR—n (10 ~201) ohrs, ZOREOL —
AT avIilEol R =V EEIRL T,
WE, 5~6HOR—NVa2HEHLAAR, L—rary
74/5/@ﬁm IGECCHHFR—VEZE R SR
=%\, Ll REEBEOLE. AixFek
&ﬁ@xb547ﬁ—w%%b@f3@\%bfﬁ
wIFEERTON N— (RBELVI0FE T
T HEEDARTEWSI20) K= V% 2 L
HAATVDLRETH ), A=V OFEIREAIR
ZOMIZRDENLRIETTE LT, R—=VoFA
NOREIIBITAER, Y 2 - XOEHBOF A
NOER, Jur sy —FHOERZ E2%1T5 2
EWTED, FANIZIE, A4V —arFT1vay
DOYE. A= NVOREHIEL VI I IZE— LD
FIZIIEN T D F ANV ERD BRI, K=
DENZEDLTDIZK—IVOERELSEL D
LR = VDAL FD 57202 R— IV OFKH
ELELIEENEGINDL, HHY - ADEH
IZoWnWTik. 7 7u—F BEKOa Y743 Y)
(2B DR T 5 ~ 7LD/ — Y (FEHO—E55)
BHY ., TNEND3 ~ 4 FBEHORLR LFZ M 1S T
ECWn5E720, FEFICEZCOMAEDYE (Y2 —X
VT4 ay) BhbHIEIC kD, W, KEN
WZ—EBON—=V ZPNHZ TP 2 —X (GRITRL
LRy 2—X) O EEZTEL ThDLH., iR
HOWA, FIOVo B EMMEEL L TWE, &
FHRD) 7B ELIUE, 77O —FHENIE
WCEEERDIZO00DbLT, TOZENDOH-E
PAREL Tt Bbb, T, HITLTIES
570775 —CThHrN, INEzFHTLET
IR AT EHAICH L OO, K—)var ba—
VISANZEN T B L\ ) MR OIERAL e TR
HOWAE, 25 ~ 30 FEFICT = AR TN T OHH,
T2V 7 PR VRIBIRIT. AT OREFEK
FRETFEZABLTBY., 5 TOHEIRALT
oo, BICHEFRTOWA., Jur sy —xhd 2
PR LT LE ). BRI, T T 2T L
Db 7aniz) cruT sy —fiHEIERNIC
YVl BEROTORXRT I OT7<F 27561
Tur sy —0IER RO LNDL Z EDL 0,
R ) v G0 EETIE, 273 &L LR
T YT AICERT, Ky ) YD TAIT
PEEICE,Po72. ZOHBELT, L—COME
(AW BHAR) PEHEED ) . HEBFOR— LD
) &L= OME (B 2P EFLrAhEG-
TW72onb e, vf v a— X% EHT 5
WElCE o7 7u—F (Va—X0lEhEEe

MNATTIHES L, ZOT7 Ta—FIZBUT55%
HERT) YT DOMESEP o772 L DR
L7z b s b, A& — AW % k512 2008
AE8 HA 5 2009 4F 2 HICAT CTOREEA T T DOk
SESEIN % RAT L 72 64T EZE Y Tid, R ) v o
DB RSN D o720 T DOIATIIZE & AR O
FECHEN AL NHE E LT, KT ) ¥ 7508
YeREOBNDPBIT SN D, AR DORHIEED
R v 7 g ClimOE % LTz, KifZEo
HEIZB W TIIWERBRO R ) » FEHEBEED D .
%ﬁm RO, 7O —F RS L2 S
XD BERFEEE L CHEICEESFVTn 2,
WEI OB IZOWTIE, EAEENRH 2 LS
L PO FNABEZITRD LN o7z [H—
IN/ Do I m%$8ﬁ~mwizﬁ aﬁé
N7z A 37 OPEEN % T L 7256175
Emm&ﬁf%nﬁ%wz:Tf&oto@fs
EMTREAE T > -HE L LT, REITEHK
FTORD/N—7 =7 bERTHIELTBY), #E
1EERIZHE CORETOIFNE B TH 2 EH T D
B, ARITEERT 73 RBEICHEP LTS
ZENBETFOENE (FE). T, EFIFTOXR
ITHEWVIREECTRE L. FAUSHEE L TEHK IS
95 HERIENE T, ELESHEE - 72 LS
ENb, T2, L DOTOARNRTFIFT L OT<IF a7
R T —=DELARTOEXBIT, B L)1lF%
PIFTLNDED, FRITDIZ) BT DLEDT
RNA A% b 59 2L, BREERITTRS
WS 5 2 EAOIPUK (B NLEE,
Bl WAL L TvozZ LIS TH S, 72,
EBRFTEWES 21287 — (01) RETHE I LI
BOBVD, Ko ) v 7 3HRTFONT -5 b,
T + — LR K= VDAL 7, K= )LOREFEDS
EETHY, Z) Vo2 i TERITBIMVTWS L
DFEDLEL ., FAICHEZ RO TV o2 X ) IR
LTwb, £O—7FT, LTI L Co%HSER#®
A Z . AT E L 5T 5 70 o]
TIZREKEE 2 HOET 2 & D) RS T h s 2
EWlo T LE o720 HTOBWERZIZHBANA X
a7 GEFE260LLE) ZHIELCESS AL -V
W2 TAHD, RETEEE T 5N WG
ELE 207y FTENITENEE Vo2 LAYV
FTCTHEEMEFTLTLI W, AV 7 IVICEHREL
T — AT TE o7,
BIROF— A\ D R 2T % @A L 7256470558 °
W, 47— 2 B IS A T TREDP - 7208, KR
TR3F—2HOAITHEL, 45— L2HIZHE
CHELIAGRRE o7z ZOHIHE LT, LLENIC



26 HHPEARR - R IAT - AEARIEE

BR1ZP—2HPONA AT T2 HTER - BED
FED, FHRTHTEV)EMEL Lo TnDH S
LEZOEND, T K=ol (7v ., h—
7)) DEAE QLRI RTREL R, 47— 24
HIZIX L — VICBAF SN A VH A (Bh<) 2
& M ATREC (B D). KD
WREIZBWTIEATY) v Mg s v 7% (G
TIFTIOE VKD, ERIFTTEVRD) 232
B EERICOLRN S TVE I EDHEEIND, &
B ATy PEEFE-HRETIHFE V2 HUHE
Db 2B, BozErofiiEs LT, Hil
PRITCTE VPN TV BIREZIET. ¥ v 7L,
Ry b (GEFRO1FEVE3IFECOM. £
BT 1F/E L E2F Y oM IZE BN A
72t 1V RORYE Y 0FRALHIREX RS 720 I
WZRE WV BRRY B X ORI 70 95 57 05 A U 2 I A3
FoTEN, 47r—2BI2IFZ0EElHTETY
HIEDLEZONS, BIERTORE»D, L—
YOFHID ST T ERBFRA SN TS
ANVOESHIELED 40 7 4 — PR THIUL, K
AN 2B R BOIRY 2558 < R D FEE
DHBEDORE4T7—LH (FES~67—2H) &7

DIAZ R (T EkE) &k (b)) O T
DEFHERLTHELDDEMGEEINS,

AATE, BT D (K& d5) K1)~
ZH BRI —varyT s vay (L—v®
FHI2 LRI C—EHiEfA s Tnbt A
VORHFHRPRES, B L) OREEZITL720,
LIFEDOYL CTOREFHOEL TSI L ) L &
WIS A Z) ThHb, T2ATEZIE 7L
A (L) 7T A CE). F =D — FNEAND.
I—F (WEOE) SFEETHL I )1, K
VU 7HEFEETHY, FNTNITHIEL L &
FTHHICAR=VERE L TORE BBV 5,
TTIZHRT, T2AERYY 7, HEO®E
WIZE BT =<V ANDEENRKEWVWES 2
£, F/2. KRR (KR%E) P ehrbd
AATICHBAERITTIE LS AT, BE (K-
Ny a—RX, TUT I Y —=7E) RPHAMFHEER
PHBEIL., B EELL T2 LI MELS
Zho DX, EADERT )V 7F AT %54
BT 2 2 & T/ 7  —< ¥ A LI T
L DB RBEEDLZENTE D,

xEH

AWFFED HIYIX, SR 7 — DR —HpF)I123ED
&, AAT7HETLENOVEDE LT, 7R
VI —LOBFICER L, TOREBEOFELEEY

BT 56ZEThHhotzs TOMRE, TURYT—L
WELTVDE, BHFL TRV 19 1
R T 2T RBENZ ENHE N E o7z T
DEINZ, KYT—BHORAATIIHETLERE
oM TEL, AT —0 A3 7HER, 1ALk
HEHTELLOEEDbNL, 2, FHEAR-YR
TOAR=YELTORT) VTN T 5= VA
DA LORZ BT, BEORFYEL HigL 2L 2
VI—=2a AR=VELTORTY) v 7 a3
L MEBE L T T 720 DEX IO DL EE R
9.

E

REEVER T AI2H720 . DFIORTHBER Y
T=m5T FNA A% 72, T IR L TR D
BEERT, WL—%70 (ReRy ), O£
O (AR—=—LERY)IV), Z@HE—-70 Oho—X),
=7 (7)) —), BEHITHTa (71 —),
WHESA A NG 75— (AR=LETI), B&
CARMIENR (KRR V), #lEit—K Ak
AG R )V),

X m

1) BARER ¢ PR 23 AL IS AR AT A
F. http://www.stat.go.jp/data/shakai/2011/ (2017
FTIH30HIZTZER)

2) DeVan AE and Tanaka H (2007) : Declines in ten-
pin bowling performance with advancing age. Age
Ageing. 36(6) © 693-694.

3) Piszczek EA (1963) © Bowling--a sport for all ages.
Med Times. 91 : 201-204.

4) EHEL (1999) @ K1) ¥ 7T A AR
2B, F 7 3Pt

5)  HHEAK (2008) © K1) ¥ 7 O R E
5 (KARED) [Rw1) > 7 OfEREREY ) — X

I ¥R ¥4 727 BM &, WL, pp.1-26.

6) HHEAK (2009) : K7 > 7O R E
# (KARED) [Rw1) > 7 OfEFEREY ) — X
I “IG4ER"), 54727 BM4&, A, pp.1-
26.

7) Sabol B (1963) : A study of relationships among
anthropometric, strength and performance measures
of college women bowlers. Masters Thesis, University
of Oregon, Eugene.

8) Tan B, Aziz AR and Chuan TK. (2000) : Correlations
between physiological parameters and performance
in elite ten-pin bowlers. J Sci Med Sport. 3(2) :
176-185.



9)

TORY 5 — L OBFG LIRS —D AT O~ H—HEFH A v~

HH =Rk, AT, KL RERE (2010) ¢
FIRAR Y T — DA T T7I T HERRE, 5T
7= N O R - B D AR
Wh9E - FLERAERF R RAAEE 33 1 107-113.

27

10) HpEARk, ST, AE— (2011) @ EBR
KB LRY) 7 AaT7ICBT AR
WF7E. SLEARARTRSRACE 34 1 53-60.





