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ABSTRACT

Tennis has been widely recognized and welcomed by the world public,
but the development of tennisis very imbalanced, and to find the most
important factors affecting the development of tennis has become a
research hotspot. This paper uses the questionnaire method, principal
component analysis and other statistical analysisto anayze the obtained
data using Excel and SPSS. The results showed that only put several
factorsthat the general publicsthink will impact tennis development into
statistical software SPSS, conduct frequency analysis and the standard
deviation of several observe parametersare around 40, whichisnot ideal.
Principal component analysis method well solves this problem, and the
study found: F2 (income and consumption attitudes), F4 (professional
level of coaches) and F6 (less training institutions) are the main factors
limiting the development of tennisin some areas.
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INTRODUCTION

Throughout thedevel opment of thetennissportin
recent years, China’s tennis development trend is
imbalanced, whichisreflectedintheregion of theeco-
nomically developed provincesitiscarried out infull
swing, whilein the economically underdevel oped re-
gionsand remote areas, devel opment situation of ten-
nisisrelatively dow and lagged. For variousreasons,
thereisabig gap between East and West, the devel op-
ment level of the society hasadifference about ade-
cade comparing with the devel oped areas. So thede-

velopment of nationd fitnessindustry includingtennisis
aso severely constrained.

Inthispaper, through document literature, survey,
mathematica datidtics, principa component anadyssand
other research methods, it usesthe obtained datathe
by questionnaire, through statistical software Excel and
SPSS, conductsanaysisontheeducationleve of ten-
nisparticipantsand other factors, focuseson andyzing
severd factorslimiting the development of tennis, and
hopesto further providereferenceand decision basis
for further promoting the popul arity and increasi ng of
tennisdevel opment.
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TABLE 1: Educational level of participants

Primary Secondary Undergraduate Graduate
school school course student

15 105 98 50 29

Other

TABLE 2: Occupational sructureof theinvolved investigat-
ing officers

Unit — School - Office s citizens  other
staff student  leader
70 100 35 20 4 38

THE DATAACQUISITIONAND CONDUCT
PRELIMINARY ANALYSS

In this paper, through survey and research meth-
ods, it conductsasurvey of tennis playersin the com-
munity, school sand government agencies. Then com-
parethem respectively according to educational level,
occupation, gender and age structure, and use stati sti-
cal software EXCEL for andysis.

Tennisiscultural consumptionwithahigh level.
From the participants’ education degree, this presents
the characteristic of ahigh education degree. Most of
them areabove university degree, secondary or higher
education degreeaccountsfor 759, . These people ac-
cept higher level sof education with moreopen vision,
and moreprefer to receive some new things.

Anaysisfrom theoccupational structure, occupa:

tiond structureisreatively smple, focused dmost en-
TABLE 3: Respondents’ gender

Male
197

Female
100

tirely onthestudentsin school and unit staff. Themain
causeisthat school sudentshavemoretimeafter schooal,
rich hobby after-school and lesslife pressure. Asfor
theunit saff, their work isre atively easy, so after work
they havemoreampletimefor leisureactivities.
Inthesurvey of athletesand tennisenthusiasts, the
proportion of malesissignificantly higher than that of
femaes. Andtherearevery few femal eathletes. From
the characteristicsof tennis, outdoor wind and sun, es-
pecidlyin Gansusuch climatic conditions, ultrarintense
ultraviolet radiation, arethe difficultiesthat women
choosethisfavorite sport with courage and stick with
thisgport. Thishasd early affected theattitude of women
actively participatein tennis. Women’s weakness in
sports consumption and fitness conscious, difficulties

tolearntennistechniqueaswell asrequirementsonthe
physical quality all these makewomen subjectedto a
lot of adverseeffectstaking partintennis. Inthesurvey

TABLE 4: Theagestructureof therespondents

Teenager Y oung Prime Aged
54 125 88 30

of athletesand tennisenthusiasts, theproportion of maes
issgnificantly higher thanthat of femaes Fromthechar-
acterigticsof tennis, outdoor wind and sun makes many
girlskeep respectfully a oof from the sport.

The agedistribution of tennisplayersismore con-
centrated, mainly in youth and middle-aged, and the
two areessentidly fair. Young and middle-aged tennis
playersare higher thantheprimetennisplayers. Sucha
survey result has some differences comparingwith the
more devel oped cities. As can be seen from thetable,
the proportion of young and aged participantsisrare.
Dueto variousreasons, such asenteringahigher schoal,
family environment, it makesthe young peopl€’s un-
derstanding of tennisisnot high or have no opportunity
to participatein thissport.

THE STATISTICALANALYSI SOFFACTOR
LIMITING TENNISDEVELOPMENT

Inthe second part of thisarticleit hasconducted a

TABLE5: Thestatistical tablesof main factor sinfluencing
tennis

Influencing  Athletesand Coaches L eader of
; and Sports
factors enthusiasts
teachers Bureau
F1 103 59 15
F2 105 64 15
F4 101 59 12

F1: Poor weather conditions; F2: Income and consumer
attitudes; F3: Inadequate social participation; F4: Professional
level of coaches; F5: Insufficient Tennis promotion; F6: Less
training institutions, F7: Government support is not enough
preliminary analysisof the obtained survey data. The
followingwewill focusontheanaysison limiting fac-

torsthat impact tennisdevel opment. Preliminarily clear
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up the obtained questionnaireand get TABLEDS.
INTABLES5, welist severa magjor factorsthat the

publicthink impact tennisdevel opment, such asclimatic
conditions, incomeand consumer attitudes, government

TABLE 6: Satistical data

Statistics F1 F2 F3 F4 F5 F6 F7
Valid 3 3 3 3 3 3 3
Missing 0 0 0 0 0 0 0

Std. Deviation 44.000 45.059 42.016 44.523 39.514 39.501 36.373
Variance 1936.000 2030.333 1765.333 1982.333 1561.333 1560.333 1323.000
Minimum 15 15 14 12 11 12 15
Maximum 103 105 98 101 89 91 87

support capacity, socia participation and so on. Put
TABLE 5into the statistical software SPSS conduct
frequency analysis and obtain the statistical datain
TABLEG.

From TABLE 6, we can seethat: the standard de-
viation of afew investigated parametersisin 40 or o,
whichisthesguareroot of thearithmetic average of the
deviation square sum between the overall units’ stan-
dard valuesand themean vaue. Theformulais:

> 7 \/Léw (x,- m’
N W
Analyzefactorslimiting the development of ten-
nisusingprincipal component analysis

In many cases, thereisacertain correlation rela-
tionship between thevarious characteristics. when there
isacertain correlation rel ationship between the two
characteristics, and it can beinterpreted asthese two
variablesreflectsthe sampleinformationwithacertain
overlgp. Prindpd component andyssisfor dl theorigind
suggested characteristics, createnew characteristicsas
littleaspossible, making thesenew variablesareirrel-
evant pair-wise. And these new variablesmaintain the
origina informationin aspect of reflecting the objects’
information asfar aspossible.

Principa component analysisisastatistical anay-
sismethod that designatesthe origina morevariables
asafew comprehensiveindicators. Fromamathemati-
cal point of view, thisisadimension reduction tech-
nique.

A study object isoften multi-factor complex sys-
tem. Too many variableswill undoubtedly increasethe
difficulty and complexity of andlyzing problems, usethe

relationship between theoriginal variables, usefewer
new variablesto replacetheorigina morevariable, and
makethesefew variablesto retain thereaction infor-
mation of origina morevariablesasmuch aspossible,
sotheproblemissmplified.

Principle Assumethereare n samples, eachsample
has p variables, andformadatamatrix of ordernx p:

i KXo o X

x| X %
@

Xa Xz X

Whenp islarge, itisdifficult toobserveproblemin
p -dimensional space. To overcomethisdifficulty, we
need to reducethedimension, which usesrd atively few
comprehendveindexesingtead of theorigind morevari-
ableindicators, furthermorethesefew comprehensive
indexescan not only reflect theinformationthat theorigi-
nal morevariableindicators can reflect asmuch aspos-
sible, but also they areindependent of each other.

Take the original variable indicators as

X, , uppose the compositeindicators after
thedimension reduction processi.e. thenew variables
aez,, z,, z,,.. , z,(m<p),then:

Xys Xy pee s

Z = |11X1+|12X2 +"'+|1pxp
Z,= I21X1+|22X2 +"'+|2po
...... ©)
Z, =X X+ X

Determination principlesof coefficient | :
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1. z andz, (i=j;i,j=12,.., m)areindependent of
each other;
2. zjisthegreatest variance of all linear combina-

tionsx, , x,,.. , Xp, Z,i1sthegreatest variance of
al linear combinations x, , x, ,.. , x,not relevant
withz,; z, isthegrestest varianceof al linear com-
binations x,, x,,.., x,not relevant with

New variableindicators z, , z, ... , z, respectively are
thel, 2 .. , mprinciplefactorsof theorigina variable
index X, , X, ,.. , Xp.

Ascan be seen fromthe above anaysis, principal
component analysis is to determine the loads

X,, X,,.., X,0f the original variables

X;(j=12,.., p)onthevariousprincipal components

Z(i=12,..,m).

Can be proved mathematically, they respectively
arethe corresponding eigenvector tothe largeeigen-
vaueof thecorre ation matrix.

Thecalculation sepsof principal component analy-
Sis

(1) CAculaingthecorre ation coefficient matrix:

PR R A
fy Ty o T
21 22 2
R= P
@
e Too o Top

r(i,j=12,.., p)isthecorreaion coefficient of
r. =r. thecaculation

theorigina variablesx and x;,r; =1y,

formulais
> (% %)% - %)
Ji(xki XY (4 %) ©

(2) Cdculaingtheeigenvalues |11 — R|=0andeigen-
vectors: Solvethe characteristic equation, com-

rij =

monly use Jacobi (Jacobi) method to calculatethe
eigenvalues and rank in the order of
Szen 22,22 1,20;

Obtaintheegenvector (i =1,2,---, p) correspond-
5 2
ingtotheeigenvalue 4, , require|e | =1,i.e. 2_& =1,
-1

where € representsthe j -th component of the vector

€.
(3) Cdculaetheprincipa component contributionrate
and accumul ativecontribution rate

Contributionrate:
A .
= (i=12-,p)
Z Ao (6)
k=1
Cumulaivecontributionrate:
j’k
k=1 H
k=1 (|:lz’...’p)
P
A )

Generally wetake the eigenval ue when the cumu-
|ative contribution rate reaches 85% -95%, the 1,

2...... ni m< p)principle factors corresponding
tonf m< p).
(4) Cdculatetheprincipa component load:
|, = p@ %) =28, i=12-,p) ®
(5) Thevariousprincipal component scores:

4, 4 4
- 2?1 Z_zz Z2.m

: : : ©)
Zy Ly Zom

Import TABLE 1 into SPSS, and conduct factor
analysis. Thebasic purposeof factor analysisisto use
afew factorsto describethelink between many indica
torsor factors, namely group several moreclosely re-
lated variablesin the sameclass; each classvariable
becomesafactor. Itiscalled afactor, becauseitisun-
observable, that is, not specific variables. Use severa
lessfactorsto reflect most information of theoriginal
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dataand obtainthe correation matrix asin TABLE 7:
From TABLE 7 we can seethat, theless correla-

tion coefficentsof dimatic conditions, incomeand con-

sumer attitudes, professionad leve of coachesand less

TABLE 7: Correlation M atrix

Correlation Matrix

trainingingtitutionsareall above0.9, indicating that the
four areclosdly linked and haveavery significant rela-
tionship. Thedirect correlation between variousvari-
ablesisreatively strong. They haveoverlgpininforma
tion.

FromTABLE 8, wecan seethat: caculaetheeigen-
va ues, the contribution rate and the cumul ative contri-

FL. F2 F3 F4 F5 F6 F7  putionrateof eachprincipal component by thecorrela
F1 1.000 .999 1.000 .999 .987 1.000 .990 tioncoefficient matrix. Thecumulativecontributionrate
F2 .999 1.000 1.000 1.000 .994 .999 .996  Of first principal component reachesup to 99.637%
F3 1.000 1.000 1.000 1.000 .991 1.000 .o93 (grester than85%); consequentlyitsimply requiressolv-
FA4 999 1000 1000 1.000 .992 1000 .94 Ingthefirstandsecond principal component.
PCA extractionprincipleisthefirg x principa com-
F5 .987 .994 .991 .992 1.000 .988 1.000 T
ponentsthat the corresponding el genva uesaregreater
F6 1000 .999 1000 1.000 .988 1000 .91 g1 Ei genvalues tosomeextent canbeseenasa
F7 990 .99 .993 .994 1.000 .991 1.000 index torepresent thesize of component influencing
TABLE 8: Extraction analysistablesof principal component by variance decomposition
Total Variance Explained
Initial Eigenvalues Extraction Sums of Squared L oadings
Component
Total % of Variance Cumulative% Total % of Variance Cumulative %
1 6.975 99.637 99.637 6.975 99.637 99.637
2 .025 .363 100.000
3 2.497E-16 3.568E-15 100.000
4 1.042E-16 1.488E-15 100.000
5 8.340E-18 1.191E-16 100.000
6 -3.883E-17 -5.548E-16 100.000
7 -4.275E-16 -6.108E-15 100.000

Extraction Method: Principal Component Analysis.

degree. If theeigenvaueislessthan 1, it indicatesthat
the explanatory power of the principal component is
not greater than the mean explanatory power of intro-
ducinganorigind variable Thusweoftentakethee gen-

TABLE 9: Component matrix

Component Matrixa

vaues greaterthanlastheinclusoncriteria TABLE
9 showsthetwo extracted principal components F2
andF4, namely x = 2.

Using principa component analysiswe obtaintwo
factors, the bigger the correlation coefficient absol ute
value of thevariablesand certain factor is, the closer
therelationship between thefactor and thevariablesis.
Factor matrix can a so be used asameasure of factor
contribution, and the bigger itsabsolutevalueis, the
greater thecontributionis. Can beseenfrom TABLE
9, F2 (incomeand consumption attitudes), F4 (profes-
sional level of coaches), and F6 (lesstraining institu-
tions) have ahigher load in thefirst principal compo-
hent.

F1 .998
F2 1.000
F3 .999
F4 1.000
F5 .995
F6 .999
F7 .997
components extracted
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CONCLUSIONS

By thepreiminary satisticsanaysisof EXCEL, the
mgjority of thetennispopul ationisconcentrated in adults
and youth groups. People of 30-50 yearsold mostly
have stableincome, lifestyleand rhythmisasorea
tively stable, and can arrangeamorestabletimeto par-
ticipatein tennismovement. In particular the propor-
tion of theelderly populationissmall. Fromthe age
characteristicsof those participants, the development
of young peopl e participating in our provincetennisis
relatively dow. How to increase the popul arity of car-
rying out tennisin adolescentsinthefutureshould bea
key emphasisinwork.

However, only put several factorsthat the general
publicthink will impact tennisdevel opment into teti<ti-
cal software SPSS, conduct frequency andysisandthe
standard deviation of several observe parametersare
around 40, whichisdifficult to get thedesired conclu-
sion. Principa component andysismethod well solves
thisproblem, and thestudy found: F2 (incomeand con-
sumption attitudes), F4 (professional leve of coaches)
and F6 (lesstraining ingtitutions) arethe main factors
limiting the devel opment of tennisin somearess.
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