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ABSTRACT

For major sport event analysis, it tends to focus on fighting process
winning factors, and tennis competition analysis also should face such
problems, by competitions process officia summarized statistical indicator
data, it can get a variety of huge data information, let researchers cannot
more objective to analyze on it, in order to simplify it, it needs make
classifications and discrimination on varieties of indicators, then makes
researches on key factors, which can be doubly beneficial. In research, it
firstly analyzes tennis competitions’ techniques and tactics indicator
factors, then makes T test on competition data, and gets 10 items very
important winning factors, 6 items important winning factors, eliminates
4items not important factors, which provides theoretical basis for future
tennis competitions analysis. This paper takes tennis men singles
competitions official statistical data as research objects, with an aim to
extract fighting processwinning factorsindicators, in the hope of providing
more convenient path for tennis competitions analysis.
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INTRODUCTION

Intenniscompetitions, officid through professond
software handling, givesavariety of data, inthehope
of providing databas sfor futurecompetition anaysis,
however how to extract researchersrequirement from
these dataispeople’s concern, this paper does research
on 16" Asian Gamestennismen’s singles competition
winning factors, and extractsthe big correl ation degree
databy utilizing mathematica statistics

For tenniscompetitionwinning factorsresearch, lots
of people havemadeefforts, just by their effortslet the
event leve get constant improvement, fromwhich Luo
Yang-Yang (2013) made statisticd anaysisof Wu Di in
2013 Austraian Open Tennis Championship correla-

tiondata, it got dow service speed, low receivequdlity,
single playing, moreunforced errorsarethe causes of
their failure¥; Zhi Yuan-Chun etc.(2013) made stetis-
ticsand analysis of Azarenka performance statusin
Augtrdian Open TennisChampionship, and got hiswin-
ning reasong?; KeYong (2013) utilized questionnaire
survey, field testing to and yze participated in the sixth
city sportsmeeting top five province, city’s 120 teen-
agers’ men tennis athletes’ service and receive tech-
nigques eachindicator, and got different levelS’ tennis
athletes’ service and receive techniques have significant
differences, which provided theoreticd basisfor tennis
sportstraining and technical evauation®.

Thispaper onthebas sof previousresearch, it takes
the 16" Asian Gamestennis men singles’38 competi-
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tionsofficid statistical dataasresearch objects, gpplies
mathematical statisticsmethod in extractingtennismen
sngleswinningfactors, it provides convenient methods
for competitionsanadyzingand athletes’ experience ab-
sorption.

RESEARCH OBJECTSAND RESEARCH
METHODS

Resear ch objects

Thispaper takesthe 16" Asian Games Tennisevent
Men’s singles competition technical indicators as re-
search objects, total competitions have 38 matches, in
competition process, officid webste hasstatisticslots
of indicator datathat can reflect athlete’s technical lev-
elsand affect competitionresult, takescarrier with these
data, reflects competition process, it providesteaching
materia and experiencesfor tennissinglesmovement.

Resear ch methods

Document literature: Search knowledgewebsite
about men’s singles technical indicators researching as-
pects periodical documentsand competition process
restricted result successor failuretechnical indicators
researching aspectsreflectionjourna articles, extract
regarding tennismen’s singles competition winning key
indicator factorsfrom them, and provide guidancefor
competition summarization and sportstechniqueinno-
veion.

Expertinterview

In order to extract authoritative key tennismen’s
snglescompetition winninginfluencefactors, the paper
gopliesexpert interview making further refinement from
document literature a ready extracted winning factors,
which providesbasisfor datacollecting and analysis
convenience.

Imaging dataanalysis

In order to get more correct the 16" Asian Games
tennisitem men’s singles competition data, the paper
adoptsimaging dataandysis, it makesanaysisof video,
and implementsfurther preciseon data.

Mathematical statistics: Inorder to exploretennis
itemmen’s singles competition winning factors deeper
sgnificance, the paper adoptsaveragevaueplusminus

BioTechnology —

standard deviation such data handling method, inde-
pendent sampleT test method and indicator datare-
sultscomparative andysismethod.

MEN’S SINGLES WINNING INDICATORS
ANALYSIS

Tennisfighting processmainly applied techniques
are servicetechnique, receivetechnique, stop volley
techniqueand smashtechnique, inthefollowingit makes
statementsfor above four techniques, in the hope of
providing basisfor statistica indicatorseffective selec-
tion.

Servicetechnique

Thetechniqueisanimportant techniqueintennis, is
one of attack process major score means, there are
first serve and second serveinthe competition, these
two serve playing havetop spin, flat, sdespinand sde
top spin aswell asother playing ways, servewayscan
be also divided into overhand serve and underhand
servetwo types;

Receive technique

Thetechniquedividesinto forehand and backhand
receiving, Smilarly it hastop spin, flat, back spin, side
spin and mixing spin aswell asother playing, inthe
receive process, it can directly drop volley or high vol-
ley, it can also make first strike and take the net or
break thenet. Therefore, tennistrgjectory can appear
asFigure 1 showed status, infigure 1, © represents
trgectory islong straight line @ representstrajectory
islong diagond y® representstrgectory isshort straight
liney@ representstraectory isshort diagonal

Volley technique: Thetechniqueisasocaled block-
ingvolley or volley, whichaso don’t let ball drop in the
groundinreturn process, thetechniquedividesintofore-
hand playing and backhand playing, whilein practical
application process, it mainly adoptsback spin cut tech-
nique, if thetechnique classifiesfromreturn aress, it
canbedividedintofar net volley, midfield volley and
near net volley three types, in operation it can drop
volley and makehighvolley.

Smash technique

Thetechniqueisaspecia playing method that re-
turnsopponents’ high volley, its motions is similar to

Hn Tudian Jounual



BTAIJ, 10(2) 2014

Yanguo Liu

211

=, FurL PAPER

Figurel: Receiveprocesstenniscrossing four kindsof trajectory status

serve, it candirectly spike acein attack process.

Tennistactics playing methodshave basdine, inte-
grated and net threekindsof playing, fromwhichbasdine
typerefersto athlete basically keepsbaseline smash-
ing, lessgpproaching thenet, mainly reliesonball drop
point, speed and rotational changesto control oppo-
nents, it will aso occasionally approach thenet when it
appears ace opportunities; integrated refersto basdine
and net two playing methodsintegrate using, athl etes
can combine opponents statusto adopt different play-
ing, adaptsthemsel vesto changing circumstances; net
refersto athletespositively createal opportunitiesand
conditionsto approach the net, and attacksin thefront
of net.

Tennistacticsrefer to athletes adopted strategies
and actionsin competitions so asto winthegameor
achieve corresponding expectationresult; intenniscom-
petition fighting, in order to make own party get more
scoresand interferewith opponents’ scores, measures
that adopted havefollowingfour Strategies:

Reducefaults. Based on ball safety playing, the
pursuemorehighlevel aceplaying;

Hit opponent backhand

Intenniscompetition beginning—intermediate play-
ers’ backhands may be their weakness, if it can attack
their weakness, it ispossibleto cause opponent return
fault, which arrivesat the purpose of strategies,

Play cross-corner: Lowest net can reduce oppo-
nent approaching the net opportunities, longest cross-
corner distance can reduce the opportunity of getting
out of the bounds;

Improvestrength

Incompetition, it should have scientific understand-
ing of itsown adept techniques, and play it into actual
combat;

Through researching on tennis applications and
Srategiesutilizationin competition aswell asreference
documents’ tennis competitions winning influence fac-
tors, the paper summarizesafter expert interviewing that

TABLE 1: Tablecompetition winning factor sindicator stable

Winning linkage Winning indicator Symbol  Winning linkage Winning indicator Symbol
First serve success rate Al B Break successtimes Bl
ACF - A2 Break linkage Break opportunity B2
Service directly ace A3 Break successratio B3
Double fault A4 Forced error c1
A First serve ace A5 C Winning score Cc2
Service linkage First serve success times A6 Forced linkage Forehand winning score C3
First serve scoring ratio A7 Backhand winning score Cc4
Second serve score A8 Net point D1
Second serve success times A9 b ) Volley direct score D2
. . Acelinkage
Second serve scoring ratio A10 Total score D3
s BioTechnology
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thereare 10 pieces of servicewinning factorsindica-
tors, 3pcs of breaking winning factorsindicators, 4
piecesof avoiding forced errorswinning factorsindica
tors, 3pcsof restricting total scoresscoring typeindi-
cators, asTABLE 1 show.

INDEPENDENT SAMPLE T TEST PRIN-
CIPLEAND STEPS

T test isused for measurements statisticson two
different overall averagevalues, withanaimtojudge
tested whether two independent samplesderivefrom
same average value entirety or not, if it testson two
groups of samples statistics, it should meet following
threerequests:

(1) Testedtwo groupsof samplesaremutua indepen-
dent from each other, no matching rel ationships;

(2) Two groupsof samplesall derivefrom normal en-
tirety,

(3) Averagevdueissgnificant descriptivedatisticson
tedting.

When two groups of independent samples meet
abovethreedemands, next sep shouldenter into T test
actual operation steps, T test operation steps are as
following show

STEPL. Establish original hypothesisand alterna-
tivehypothesis

Two independent samplesT test origina hypoth-
esisH,, representstwo entiretiesaverage valueshave
no significant differences, mathematical expressonsare
asformula(1) show:

HoiHoimi—po=0H ipy —p, #0 @

Informula(l), », and , respectively represents
thefirst entirety average val ue and the second entirety
averagevaue.

STEP2. Select test statistics

For two entirety average value difference deduc-
tion basisistwo entirety samplesaveragevauediffer-
ence, whichadoptstwo groupsof samplesaveragevaue
differencesestimated entirety averageva uedifference,

at thistimeit should focus on two samples’ average
vauesampling digtribution, if two entiretiesdistribution

arerespectively N(u,o0;)andN(u,,o0?), thentwo
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samplesaverage value differences sampling distribu-
tionisaso normal distribution, itsaverage valueis

W — i, varianceis o/, , but in different conditions,
o/, hasdifferent cal culation ways, when thetwo con-

ditions are respectively ¢, =0, and o, # o, , the
former representstwo entiretiesvariance areunknown
and equd, thelatter representstwo entireties’ variance
are unknown and not equal, thereforetheformer can
adopt combined variance as two entireties variance
estimation, thar mathematical definitionsareasformula
(2) show:
(ny = 1)Sf +(n, - 1)53

Sp? =
P ng+n,-2 @

Informula(2), S’and S? arerespectively thefirst
group of samples variance and the second group of
samplesvariancey n,andn, respectively representsthe
number of first group of samples and the number of

second group of samples, then at thistimetwo samples
averageva uedifference sampling distribution variance

o/, isasformula(30) show:

pi o S ©

Thelatter case, it needsto respectively adopt their
own variance, at thistimetwo samplesaveragevaue

difference sampling distribution variance &, canbe
caculated by formula(4):
s? s3

oh =t @

Thereforetwo entiretiesaverage valuedifferences
test statisticsmathematical definitionisasformula(5)
show:
Yl ‘Yz —(p1—p»)

=) ®

In case o, =0,,T statistics conforms to

T=

(n, + n, — 2) piecesof freedom degrees t distribution,

incase o, # o, , it conformsto revised freedom de-

gree t distribution, revised freedom degree mathemati-
cd definitionisasformula(6) show:

Hn Tudian Jounual
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- NN, (n,St +n;S3)

f
n3s? +niss

(6)
STEP3. Calculate testing statistics observation
valueand probability p value

Thepurposeof the step iscalculating F statistics
and T datigticsobservationvaueandtheir correspond-
ing probability p vaue, applies SPSS software, it can
automaticaly get  statisticsand probability p value
accordingtosinglefactor varianceandys syand can au-
tomatically input two groupsof samplesaveragevaue,
numbersof samplesand sampling distributionvariance
into formula(5), it gets T statisticsobservationvalue
and corresponding probability p vaue.

STEP4. Given significancelevely and makes de-
cision

At first, makeuseof testtojudgetwo entireties
varianceis equal or not, and according to two vari-
ancesnumerical relationships, it decidessampling dis-
tribution variance and freedom degree calculation
method and result, if F testing statistics probability p
islessthan significanceleve ¢ ¥ then it should refuse
origind hypothesi sy it gets the conclusions that two en-
tiretiesvariance have significant differencesy on the
contraryy it is thought that two entireties variances have
no sgnificant differences. Then, itapplies T testtojudge
whether two entiretiesaverage val ue exists s gnificant
differencesor not, if T test statisticsprobability p vaue
islessthansignificanceleve o , thenit should refuse
origina hypothesi sy it gets two entireties average value
hassignificant difference, onthe contraryy it is thought
that two entiretieshave no significant differences. At
last, according to statistical objectsdifferences, it gets
corresponding conclusions.

TENNISSINGLESWINNING INDICATOR
MATHEMATICALANALYSIS

Winning indicators’ service technical statistics
analysis

Dueto serviceisthe beginning that fighting two
parties holding competition, meanwhileit also the at-
tack hittingway, therefore, servicetechniqueisoneof
tenniscompetitionwinning acekey linkages, the paper
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makes statisticson the 16" Asian Games men tennis
singlesservicetechnica indicators, as Table 2 showed
about the sportsmeeting 38 matchesmen singlesfight-
ing competitions servicetechniqueindicatorsstatistics,
inthehopeof exploring servicelinkagewinning factors,
inthetable, it listswinning party andfail party Satistics
indicator data, and make T test ontwo partiessample
datadifferences, and proposed corresponding prob-
ability p showed differencesignificancedegree.

From TABLE 2 data, itisclear that winning party
first serve successrateis57.47%, whilethefail party
first serve successrateis 56.29%, theformer and the
latter have 1.18% differences, from the perspective of
first servesuccesstimes, winning party average each
match first serve successtimesare 32.42, thefail party
average each match first serve successtimesare 32.50,
the gap between thetwo isonly 0.08 time, and thetwo
T statistics corresponding probability al above0.05,
that isto say, thetwo have no significant difference,
thereforethefirst serve successrate and first serve suc-
cesstimescan beregarded asnon-significant winning
factor.

Winning party second serve success times are
23.89, thefail party second serve successtimes are
25.32, the gap between thetwo isonly 1.43time, its
datistics corresponding probabilitiesareal above0.05,
thereupon the second serve successtimes can aso be
regarded asnon-si gnificant winning factors. From above
analysis, itisclear that first serve successrate, second
servesuccessrate and second serve successtimesare
not important indicatorsin winning factors, theabove
threeindicatorscan be eliminated in dataanalysisand
competitionanayss.

From TABLE 2 data, it isclear than winning party
ACE ballshave 3.57 piecesy while fail party has only
2.13 piecey from the perspective of differences, it is
clear that the gap between thetwo is1.44 piece, T
stati stics corresponding probability islessthan 0.05,
therefore samplesexist significant differencethat Win-
ning party leadsthefail party in the number of ACE
bals, it becomeswinning factorsreativeimportant in-
dicators, similarly anayzeit isclear that doublefault
ball numbersand second servescore T statisticscorre-
sponding probabilitiesall arelessthan 0.05, it proves
sampleshaved so sgnificant differencesinthetwoin-
dicators, thereforeit can provethat numbersof ACE

s LBioTechnology
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TABLE 2: 38 matches’ tennis men singles service linkage winning factor indicators data table

Number of samples

Number of samples

Difference significance

Ind.l(-:ato-r 38 38 T statistics degree
classification - -
Indicator valuex +s  Indicator valueX + s T P
Al 57.47+9.13 56.29+9.44 0.56 >0.05
A2 3.57+3.05 2.13+2.78 2.16 <0.05
A3 12.18+3.89 8.78+5.18 3.23 <0.01
A4 2.76+2.31 3.97+2.52 -2.18 <0.05
A5 24.11+9.42 18.23+8.51 2.85 <0.01
A6 32.42+14.77 32.50+10.66 -0.03 >0.05
A7 76.37+9.32 54.00+12.82 8.70 <0.01
A8 13.32+5.08 10.03+5.93 2.59 <0.05
A9 23.89+9.96 25.32+9.82 7.34 <0.01
A10 57.43+11.74 37.42+12.04 -0.63 >0.05

ball, numbers of doublefault ballsand second serve
scoresareal winning factorsimportant indicators.

From TABLE 2 data, itisclear that winning party
average each match direct aceis 12.18, and the fail
party average each match direct aceis 8.78, the gap
between the two is 3.40, T statistics corresponding
probability islessthan 0.01, thereforethe sampleshave
very significant differences, sofirst servedirectly ace
va ueisfighting competition winning veryimportant in-
dicator, by smilar analyzing, itisclear that first serve
ace, first serve ace rate and second serve acerate T
stati stics corresponding probability islessthan 0.01, so
it can get that three sampleshavevery significant differ-
ences, so servicedirect ace, first servedirect ace, first
serve acerate and second serve acerate arewinning
factorsvery important indicators.

To sum up, it gets as TABLE 3 showed service
indicators according to winning factorsimportant de-
greesclassfication.

Winningindicatorsbreak techniquetechnical sta-
tisticsanalysis
In tennis competition, receive technique and ser-

TABLE 3: Servicelinkageeach indicator winningimportant
degreesclassification table

Important degree Indicator Important degree Indicator

Very important A3 Important A4
Very important A5 Important A8
Very important A7 Not important Al
Very important A9 Not important A6
Important A2 Not important A10

vicetechniqueare equd important, fighting total aceis
accumulated by thetwo items, thereforethetwo are
very important hitting techniques; in fighting competi-
tion process, playersexcept should ensure service suc-
cess, it needsto have hard servicetechniqueso asto
interferewith opponent aceaswell ascreatethemselves
more ace opportunities, so the paper makes statistical
analysisof the 16" Asian Gamestennismensingles 38
matches competitions break linkage, as TABLE 4
showed break linkagethree singleitemindicators, re-
spectivey listswinning party and fail party two samples
data, and make T test and significancelevel judgingon
them.

From TABLE 4 data, it isclear that threeindica-
tors’ T statistics corresponding probabilities all are less
than 0.01, it provesthethreeindicatorsindependent
samplesdatahavevery sgnificant differences, that isto
say, thethreeindicatorsall arevery important winning
factors, in order to indicate samples gap, the chapter
adopts bar diagram way carrying out comparison, to
clear show itsdifferences, it needsto eliminate dimen-
sonsbarriers, dl adopt asTABLE 7 showed standard-
ized formulato makedatatransformation.

. X . X
T=—"1 x100,X5=—"-2
X1+ X, X1+ X,

x 100 )

Informula(7) X, X, respectively representswin-
ning party and fail party data after standardiza-
tion, X,, X, respectively representswinning party and
fail party origind data.

The gained difference bar diagramisasFigure 2

BioTechnology —
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TABLE 4: 38 matches’ tennis men’s singles break linkage winning factors indicators data table

Number of samples 38

Number of samples 38

T statistics ~ Difference significance degree

Indicator classification

Indicator valueX + S Indicator valueX +S T P
B1 4.82+1.27 1.29+1.37 11.62 <0.01
B2 8.71+2.49 3.92+4.06 6.19 <0.01
B3 59.37+20.12 31.50+31.43 4.60 <0.01

show.

InFigure 2, it showswinning party andfail party
threewinningfactorsindicatorsdifferencesinbresk link-
age, it getswinning party absol ute advantages by com-
paringtothefaill party.

Winningindicator seiminate unfor ced technical
statistics analysis

Unforced errorsrefer to athletesin tenniscompeti-
tion, their faultsgenerated and without any connections
with opponents, thefaultsaffect athletesfinal resultsin
most time, therefore the paper makes stati stics on un-
forced errors, winning ace, forehand winning ace and
backhand winning acein the 16" Asian Gamestennis
men’s singles 38 competitions, in the hope of exploring
unforced errorsand winning linkage winning and fail
two parties’ differences, their statistical result is as
TABLE 5 show.

From TABLE 5data, itisclear that in each match

competition, winning party average unforced error is
26.37 time, and the fail party error times are 37.03
times, thetwo differenceis10.66times, T Satisticscor-
responding probability islessthan 0.01, it provestwo
samplesdatahavevery sgnificant differences, fromthe
perspective of values, winning party error timesare
obviouslessthanfail party, so unforced errorsarefina
result very important influencefactors.

From the perspective of winning ace, winning party
1S 29.95 score, and thefail party is 20.79 score, the
gap between thetwois9.16 score, T statistics corre-
sponding probability islessthan 0.01, it provesthetwo
samplesdatahavevery sgnificant difference, thewin-
ning party hasan obviousadvantagein numerical fea-
tureover thefall party, thereforewinning aceiswinning
party getting successvery important influencefactor.

Theaveragewinning party forehand winningaceis
10.03 score, andfail party is7.13 score, gap between
thetwo is 2.9 score, the average backhand winning

100 —
%0 ixf’
60
40
20 F

0 - . .

Bl

B2 B3

Figure2: Break linkage each winning factor fighting two parties’ difference statistical figure

TABLE 5: 38 matchestennismen’s singles unforced errors and winning indicators statistical data table

) o Number of samples 38 Number of samples 38 T statistics  Difference significance degree
Indicator classification — —
Indicator valueX +S Indicator valueX +S T P
Cl 26.37+13.33 37.03+11.19 -3.37 <0.01
Cc2 29.95+ 8.26 20.79+12.31 381 <0.01
C3 10.03+4.23 7.13+6.13 2.39 <0.05
C4 416+ 3.29 2.74+2.20 2.21 <0.05
s BioTechnology
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TABLE 6: 38 matchestennismen’s singles three scores status statistical data table

) o Number of samples 38 Number of samples 38 T statistics  Difference significance degree
Indicator classification ) _ ) _
Indicator valueX + S Indicator valueX +S T P
D1 458+ 3.75 2.63+2.66 261 <0.05
D2 1.89+2.12 1.08+1.67 1.87 >0.05
D3 66.97+ 16.29 47.16+22.93 4.34 <0.01

ace in winning party is4.16 score, fail party is2.74
score, gap between thetwo is1.42 score, from inde-
pendent sampleT test result, itisknownthat T Satis-
ticscorresponding probabilitiesal arelessthan 0.05, it
provesthetwo indicators sampleshave significant dif-
ference, thereforeforehand winning ace and backhand
winning aceistheimportant factor affectsfind result.

Tosumup

Unforced error and winning ace aretennismen’s
singleswinning very important influencefactors, and
forehand winning ace and backhand winning aceare
important factors, that isto say, tennisathletes should
avoid unforced errorsinfighting process, improvewin-
ning aceistheeffectivewegponinfina winning.

Scor efactor analysis

Tennismen’s singles fighting competitions’ net ace,
volley direct ace and total ace affect thefinal result,
three scoresarevery important, but which scoreisthe
most important one, it needsto search; only getswhich
scores are most important score, it can more conve-
nient gainfind victory, therefore, thechapter makessta
tistics on net ace, volley ace and total acein the 16"
Asan Gamestennismen’s singles competitions’38 com-
petitions, and indicates winning party and fail party
above 3indicatorsdatasamples T test and their corre-
sponding probability p . StatisticsresultisasTABLE
6 show.

From TABLE 6data, it isclear that winning party
net average scoreis4.58, fail aceis2.63, thegap be-
tween thetwois1.95, and result got by independent
sampleT testisthat probability p islessthan 0.05, it
proves samplesdatahave Significant differences, that
isto say, net aceisanimportant winning factor, winning
volley average score is 1.89 score, fail party is1.08
score, the gap between thetwo is0.81 score, and re-
sult got by independent sample T testisthat probability
ismorethan 0.05yit proves samples data have no sig-

nificant differences, intenniscompetitionwinning factor
andyss, it canignoretheindicator, averagewinning party
total scoreis66.97 score, fail party is47.16, the gap
between the two is 19.81 score, T test result is
probabilityis p lessthan 0.01, fromthe perspective of
test result, itisclear that samplesdatahavevery signifi-
cant differences, sotota scoreisessentia indicator that
should consider.

CONCLUSIONS

Thispaper firgtly andyzed tenniscompetitionstech-
nique and tacti cs, combined with document literature
consulting and expert interview results, it summarized
20 piecesof tenniswinninginfluenceindicatorsfactors,
then stated T test principlesand steps, which provided
theoretica basisfor competitionsdatahandling; findly
taken 16" Asian Gamestennismen’s singles 38 matches
competitions 20 pieceswinning factorsreflection indi-
catorsdataascarriers, applied T test method to carry
out dataandyss, it got 10itemsvery important winning
factors6itemsimportant winningfactors, and eiminated
4itemsnot important factors, it provided theoretical
basisfor futuretenniscompetitionsanaysis. It carried
out andyssof the 16" Asan Gamestennismen’s singles
38 matches competitionsdata, from the perspective of
dataquantity, it can reflect tennismen’s singles compe-
titionscommonalities, but it did not eliminate competi-
tions scaleand competition sess onsgenerated changes,
inorder to make more scientific anaysisof each match
competition, it should apply methodsin the paper to
makeindividua trestments.
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