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ABSTRACT

This article focuses on the regression analysis of aerobics athlete’s shape
quality with different ages. First, based on the theory of factor analysisit
studies the body shape index of juvenile aerobics athlete, obtains three
most representative shapeindicators: thelength and girth factor, component
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factor and width factor, and provides objective and scientific basisfor the
selection of good seed, training, and monitors of athletic aerobics. In the
study taking the stepwise regression analysis as the theoretical basis, it
studies the body shape and physical indicators of excellent adult aerobics
athletes, and provides objective and theoretical basis for the coaches in

the advanced talent selection and scientific training.
© 2013 Trade SciencelInc. - INDIA

INTRODUCTION

At present, Chinaaerobicsstrength still hasacer-
tain ggpwithworld top teams. Thisshowsthat thelong-
term devel opment of aerobicscan’t dowithout thesup-
port of scientifictraining theories. Competitive agro-
bi csbel ongsto the proj ect technique-leading express-
ing difficult and beauty, where skill and physical agility
have ahigh integration, which needs express complex
motor skillsand achieve aesthetic apped withinthepre-
scribed time by continuoushigh strength. Athlete’sbody
shapeand physica quality occupy leading positionin
the game, so the body shape and aphysical quality in-
dicator of agrobicsathlete becomesanimportant indi-
cator for talent sl ection and scientifictraining.

Thispaper startsfrom the study onthe shape qual -
ity of athletesin different stages, first doesadetailed

study of juvenile aerobicsathlete’sbody shapeindexes
based onfactor analysis, provides objectiveand scien-
tific basisfor the sel ection of good seed, training, and
monitorsof athletic aerobics, and sumsupthemost rep-
resentative pecificindicatorsof body shape. Secondly,
based on stepwiseregression anaysistheory do ade-
tailed study on the body shape and physical quality in-
dicatorsof adult aerobicsathlete, and providesobjec-
tiveand theoretica bas sfor the coachesinthe advanced
talent selection and scientifictraining.

STEPWISE REGRESSIONANALYSIS

In practical problems, people awayswant to se-
lect somevariablesfrom themany variablesaffecting
the dependent variabley asindependent variables, use
multivariate regression analysi sto establish the““opti-
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mal” regression equation and predict or control thede-
pendent variabley. Theso-called “optimal” regression
equation means contai ning the regression equation of
independent variablesthat have significant effectson
the dependent variabley and not containing theregres-
son equation of independent variablesthat haveno sg-
nificant effectson the dependent variabley. Stepwise
regresson andysisisaregression anayssput forward
based on such principles. Theimplementation process
of stepwiseregression anaysisisthat inevery stepto
caculatethepartia regression sum of squares(i.e. con-
tribution rate) for the variabl e has been introduced to
theregression equation, and then seect avariablewith
theleast partid regression sum of squares, conduct Sig-
nificancetest for agivenlevd, if thevariableissignifi-
cant it does not haveto beremoved from theregres-
son equation. Then severa other variablesintheequa
tion do not need to be excluded (because the partia
regression sum of squares several of other variables
are greater than the smallest one even do not need to
beexcluded). Conversdly, if not Sgnificant, thevariable
needsto beremoved, and inspect other variablesinthe
equation according to the ascending sequence of par-
tid regresson sum of squares. Removeadl thevariables
that haveno significant effect and reservethe sgnificant
ones. Then calculate the partial regression sum of
sguaresof thevariablesnot introduced into theregres-
sion equation and choose onevariablewith thelargest
partial regression sum of squares. Similarly at agiven
level conduct significant test, if significant thenintro-
ducethevariableintotheregresson equation. Thispro-
cesscontinuesindefinitey until avariableintheregres-

s on equation cannot be excluded and no new variables

can beintroduced, whereupon stepwi seregression pro-

cess ends. At this point the obtained equation isthe

“optimal” regression equation. Thefeaturesof stepwise

regresson analysis: two-way selection, namely thein-

troduction of meaningful variables (forward method),
exdudinginsgnificant variables(backward method). Its
main caculationisasfollows:

(1) Determinethe F-test values. Beforethe stepwise
regression calculation one need to determine
whether each variable hasasignificant F-test lev-
els, in order to be asthe standard to introduce or
removevariables. F-test leve isto be determined
according tothespecific Situation of theactua ques-

tion.

(2) Stepwisecdculations. Each step of stepwisecal-
culation alwaysfirst considersexcluding variable,
consdering theintroduction of variablesonly when
thereisnoexcluding variable. Inactud caculation,
thebeginning stepsmay have beenintroduced vari-
ables, the subsequent steps may also successively
removed anumber of variables. Whenthereisno
variablesthat can beremoved inthe equation, and
no variable can beintroduced into the equations,
then the second stage stepwise cal cul aion cometo
anend, and transfersto thethird stage.

(3) Other calculations, mainly calculate the selected
variables coefficientsthemulltiple correl ation coef-
ficient resdua and other statisticsof theregresson
equation.

Calculation processisshowninFigure 1.
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Figurel: Sepwiseregression analysis processes

FACTORANALYSIS

There are two core problems of factor analysis:
First, how to construct factor variables; second, how
to do named explanation on factor variables. There-
fore, thebasic stepsand solvingideaof factor analysis
isto focus on these two core issues. Factor analysis
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often hasthefollowing four basic steps: (1) Confirm
whether theorigind variablesto beanayzed are suit-
ablefor factor anaysis. (2) Congtruct factor variables.
(3) Usetherotation method to makefactor variables
more interpretable. (4) Calcul ate the score of factor
variables.

Factor analysisiscalculated asfollows: (1) Stan-
dardizetheorigina datato eliminatethedifference of
variablesonthe order of magnitudeand dimensions.
(2) Seek the correlation matrix of standardized data.
(3) Seek theelgenvalues  and eigenvectorsof corre-
lation matrix. (4) Cdculatethevariance contributionrate
and the cumul ative variance contribution rate. (5) De-
termining factor: supposer. .. F, ispfactors, thedata
informationamount (i.e., thecumulaivecontributionrete)
that thefirst m factors contained is not lessthan 80%,
taketheformer mfactorstoreflect origina evaluation
factors. (6) Factor rotation: If them factors cannot be
determined or the actual meaningisnot obvious, then
need to rotatethefactor to obtain amoreobviousprac-
tical meaning. (7) Usealinear combination of theorigi-
nal indicatorsto seek thefactor scores: Useregression
estimation, Bartlett estimati on method or the Thomson
to estimatefactor scores. (8) Composite score: Take
thevariance contribution of each factor asweight, ob-
tain the comprehensive evaluation index func-
wF +W,F, +---+wi, Ry

W+ Wy + - + W,

tionF = by thelinear combina:

tion of each factor, wherew; isthefactor variance con-

Select original variable
Solve correlation matrix
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N
Other analysis

Principal Component Analysis

Solve common factor and
load matrix

Maximum likelihood method

Orthogonal
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Common factor axis method |

Other method

—
Factor rotation
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Figure2: Factor analysisflowchart

Oblique
rotation

tribution ratebeforerotation or after rotation. (9) Score
sorting: Scoreranking can be obtained using the com-
posite score.

The specificflow chartisshownin Figure 2.

THEBODY SHAPE FACTORANALYSISOF
JUNIORAEROBICSATHLETE

Thisartidefirg screensout 12 shapeindexes: height
(S1), upper limb length (S2), Sitting height (S3), weight
($4), bust (S5), hipscircumference (S6), calf circum-
ference(S7), pelvicwidth (S8), iliac sebum (S9), scapu-
lar sebum (S10), the upper arm sebum (S11), shoul -
derswidth (S12). Intheseindicators, based on factor
andysisandnolossor lesslossof origind information
principle, transformtheorigind number of original in-
terrelated factorsinto acompositeindicator that afew
isindependent of each other and can comprehensively
reflect theorigina information, whichisamulti-factor
statistical methods. Takethe measured dataof ases-
sion of the National Aerobics Championshipin recent
years asindicatorsto study the body shape data (see
TABLE1).

TABLE 1: Body shapeindicator data
Sample Minimum Maximum Mean Standard

Indicator = . o

size value value value deviation

S1 70 1.27 1.73  1.464 9.199E-02
2 70 49 70.8 58.68 4.62
S3 70 65.5 89.5 7459 4381
A 70 22 58 3552 7.18
S6 70 60 88 7321 657
S5 70 57 81 66.53 5.57
S8 70 19 29.1 2342 212
S7 70 23 35 28.86 2.73
9 70 4 20 8.81 3.47
S10 70 4 17.5 8.94 3.1
S12 70 21.2 39.2 2779 279
S11 70 5 23 12.13 4.16

Then calcul ate the correl ation coefficient between
the12indicators, if thecorrelation coefficient iscloser
to 1, indicating the correl ation degree between thetwo
indicatorsishigher, and theresultsisshownin TABLE
2.

Then calculatetheeigenvalues  of thecorrelation
coefficient matrix, the contribution rate of the common
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factor and the cumul ative contribution rate between the
12indicators, and theresultsareshownin TABLE 3.

TABLE 2: Correlation coefficient

Indicator SIL S2 S3 S4 S6 S5 S8 S7 SO S10 S12 Si1
1 0.9160.8830.8790.8490.8220.1010.785 0.36 0.4670.1010.369
0.916 1 0.7990.820.7850.7580.746 0.73 0.2690.3780.1260.337
0.8830.799 1 0.9030.8780.8710.82 0.8410.4360.5260.1710.408
0.8790.820.903 1 0.9370.9440.8240.8870.5270.6270.1450.559
0.8490.7850.8780.937 1 0.9020.8690.8790.5770.6790.1990.585
0.8220.7580.8710.9440.902 1 0.7860.8590.4950.6110.149 0.49
0.8030.746 0.82 0.8240.8690.786 1 0.7650.4560.5940.2320.456
0.7850.73 0.8410.8870.8790.8590.765 1 0.5210.6210.2350.511
0.36 0.2690.4360.5270.5770.4950.4560.521 1 0.7330.0040.604
0.4670.3780.5260.6270.6790.6110.5940.6210.733 1 0.2450.676
0.1010.1260.1710.1450.1990.1490.2320.2350.0040.245 1 0.1
0.3690.3370.4080.5590.585 0.49 0.4560.5110.6040.676 0.1 1

4

B4 8KBBLABRY

S10
S12
S11

TABLE 3: Eigenvalues, thecontribution rate of common
factor and cumulativecontribution rate

contribution cumulative
Factor eigenvalues contribution
rate

rate
1 11.62 64.53 64.53
2 1.58 8.77 733
3 1.21 6.72 80.02
4 0.56 31 86.97
S 0.69 3.86 83.87
6 0.37 2.03 93.14
7 0.45 2.48 91.48

TABLE 3showstheeigenvalues greater than 1
arethefirst threefactors, sowetakethefirst threefac-
torsasmain factors. Finaly, based on factor analysis
theory, usefactor rotation method to cal culate thefac-
tor loading matrix (see TABLE 4), obtain that three
main factorsarethelength and girth factor, component
factor and width factors. Whereinthelength and girth
factor means. height, Sitting height, weight, arm length,
cdf circumference, chest circumference, hip circumfer-
enceand pelviswidth; component factor referstoiliac
sebum, scapular sebum and upper arm sebum; width
factor refersto thewidth of the shoulder.

THEBODY SHAPE FACTORANALYSISOF
ADULT AEROBICSATHLETE

Physica body shapeisthe materia basisof physi-

cd agility, istheexternd andinternd morphologica char-
acteristics of the body. Aerobicsisthe project express
difficult and beauty; beautiful shapeisanecessary re-
quirement for the project. Indicatorsreflecting the phys -
ca characterigtics of external morphology have: height
(height, sitting height, arch height), length (lower limb
length, arm length, head length, neck length, etc.), cir-
cumference (chest, arm circumference, waist circum-
ference, leg circumference, etc.), width (head width,
shoulder width, hipwidth) and plumpness(weight, skin-
foldthickness, etc.); Indicatorsreflecting internal mor-
phology include heart vertical and horizontal diameter,
muscle shape, cross-section and so on. Physicd fitness
isacorepart of thephysica agility system architecture.
Physcd quality indicatorscover racersspecia strength,
endurance, flexibility, coordination, speed, etc. and other
different physical aspects’ information, and present the
ahletes’ overdl ability development leve hierarchically
and gructurdlyinainterrelationand replenishrelaion-
ship.

TABLE 4: Factor loading matrix

Indicator T_hefirst Th_esecond Thethird
main factor main factor  main factor

S1 0.934 0.12 -9.56E-02
2 0.91 3.49E-02 -4.36E-0
S3 0.91 0.22 4.35E-03
A 0.89 0.38 -1.16E-02
S6 0.86 0.44 5.53E-02
S5 0.87 0.36 1.96E-03
8 0.82 0.31 0.11
S7 0.83 0.39 9.7E-02
9 0.24 0.83 -0.1
S10 0.36 0.82 0.14
S12 0.14 0.12 0.89
S11 0.26 0.8 -1.96E-02

After several testsand reliability tests, the paper
sdlected thefollowing morphol ogical indicators: height,
weight, shoulder width, arm length, leg length (S13),
hip circumference, upper am dircumference(S14), thigh
circumference (S15) and bust circumference; quality
indexes: 50 m run, standing long jump, ribsand abdo-
men legraise, and chin-up. Theselected datainvolved
inthispaper isthetest data of the outstanding athletes
gaining excellent achievementsin thedomestic games
inrecent years. First, this paper analyzesthe morpho-
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logical indexesthat haveas gnificant influenceon ath-
| etic performance, select morphologica index dataof
two groupsof athletes, theandyssresultsarein TABLE
5.

TABLE5: Thereationship of shapeindex and sportsperfor-
mance

Indicators Athletes Athletes Significant

group 1 group 2 test
S5 0.48 0.39 0.21
A -0.06 -0.28 0.45
S12 0.43 0.4 0.28
S2 0.24 0.51 0.52
S13 0.25 0.15 0.45
S6 0.65 0.59 0.55
S14 0.79 0.65 0.38
S15 0.08 0.005 0.14

TABLE 5 shows, upper arm circumference, arm
length, weight and bust have reached the size of asig-
nificant level for the correl ation degree of athletic per-
formance. According to the World Aerobics Champi-
onship datain recent years, this paper conduct con-
trastively anaysison shape indexes of theworld’stop
athletes and Chinese college athletes, and the results
areshownin TABLEG6.

TABLE 6: Comparativeanalysisof shapeindexes

Athlete S1 A S15 S14
World top athletes 179 35~37 52~53 27~30
Chinese athlete 1 175 375 52.8 29.4
Chinese athlete 2 171 38.1 535 28.5
Chinese athlete 3 1.73 38.2 53.8 289
Significant test <0.05 >0.05 >0.05 <0.05

TABLE 6 showsthereisagap between Chinese
athletesand theworld elite athletesin several shape
indexeshaving ahigher correlation with athletic perfor-
mance. Absolutelow height isoneof the main factors
of gap, whichisaso one of themain factors affecting
performance.

Thefdllowingarticleanayzesonthequdity indica:
torsthat have asignificant influenceon athletic perfor-
mance. Sdlect the qudity indicator dataof twelvemem-
bersinthetwo groupsof athletes, theanalysisresults
areshowninTABLE?7.

SeenfromTABLE 7, standing long jump, ribsand
abdomen leg raiseand chin-ups have higher degree of
correlation on sportsscores. Similarly, the paper con-
trastively comparesthequdity indicatorsof theworld’s
top athletesand Chinese athl etes, and theresultsare
showninTABLES8.

TABLE 8 showsseverd quality indicatorshavea
high correlation with athletic performance, thereisa
gap between Chinese athletes and theworld elite ath-
letes. Theoveradl gap of Chineseathletesand theworld
eliteathletesinthespecia strength and coordinationis
not big, but Chineseathleteshave significant gapswith
theworld dliteathletesin termsof speed and jumping.

Through test data of body shape and physical fit-
ness, cal cul ate the correl ation coefficient with perfor-
mances, onthebasisof amultivariateanalysis, conduct
stepwiseregression analysis and screen out the body
shapeand physica qudity indicatorsthat affect perfor-
mance, establish multipleregression equation and carry
through significant test. According to the stepwisere-
gression analysistheory, this paper establishesthere-
gressonequation:

TABLE 7: Thereationship of quality indicator sand sportsper formance

Indicator 50 metersrun  Standinglongjump  Ribsand abdomen legraise  chin-up
Corrédation coefficient 0.42 0.32 -0.42 -0.43
Multiple correlation coefficient 0.48 0.63 0.57 0.5
T value 0.16 0.31 117 0.28

TABLE 8: Comparativeanalysisof quality indicators
Athletes 50 metersrun Standing long jump Ribs and abdomen leg raise chin-up
World top athletes 5 seconds 8 2.98~3.06 26~28 28~30
Chinese athlete 1 6 seconds 3 277 22 23
Chinese athlete 2 6 seconds 2.94 22 24
Chinese athlete 3 6 seconds4 2.8 21 25
Significant test >0.01 >0.01 <0.01 <0.01
s LBioTechnology
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y = 2.41+ 0.599% — 0.013x, — 0.24x, + 0.072X,

Whereinx, istheheight, x,isthearmlength, x;isthe
chin-up, xis the standing long jump,
and R=0.913 sy = 0.053, f, =38.04. Seen through the

multiple correlation coefficientsr , thelinear relation-
ship between the dependent variable and theindepen-
dent variablesinregresson eguationisvery close. Stan-
dard error estimates sy also described hereinthat the
regression equationsestablished inthis paper haverda
tively high prediction accuracy.

CONCLUSIONS

Thispaper studied the shapeindicatorsof thejuve-
nile aerobicsathlete with factor analysismethod, and
drew threemain factors (length and girth factor, com-
ponent factorsand width factor). In addition, it studied
the shapeindicatorsof theadult aerobicsathletethrough
stepwi seregression anaysistheory, did significant re-
searchwith athletic performance, and obtained the body
shapeindicatorsand physicd qudity indicatorsthat have
ahigher correation with the performance. Meanwhile
onthisbass, it conducted comparisonanaysiswiththe
world elite aerobics athl etes, obtain that thereisagap
between the Chinese athletes and theworld elite ath-
letesintermsof body shape; the results show that the
gap issmall inthe height, stature and upper arm cir-
cumference, the gapisgreat in the speed and jumping
ability of thequality aspects.

Insummary, the shapefactor isnot easy to change,
then inthe China’s outstanding aerobicsathlete tal ent
selecting must be gtrictly controlled and pay attention
to scientific, thusreducing the gagp with theworld-class
athletes. But physical fitnessisthe ability acquired

through training, so in the peacetimetraining, coaches
should focus on improving the speed and bounce of
Chinese athletes, thus power and coordinationisca
pable of long-term devel opment.
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