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ABSTRACT KEYWORDS
Inorder to study the relationship between the high jumpers’ special quality Highjump;
and itsresults, thisarticle collects 14 worl d-class excellent jump athl etes’ Specia quality;

Specia performance;
Regression model.

specia quality and special performance on seven special items, as 100m
run, standing triple jump, the run-up hand tough high, 4-6 strides approach
high, after throwing the shot put, high grab the barbell and squat barbell.
First of all, conduct correlation analysis of each special quality and its
specia performance. And the study found that there is certain correlation
between the two. Secondly, conduct a principal component analysis of all
specia qualitiesand extract aprincipal component. Then build aregression
model with the principal component data asindependent variablesand its
special results as the dependent variables. This model reflects the
relationship between the special qualities and special performances, and
provides a reference for the daily training for coaches and athletes.
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INTRODUCTION For example, Laomin Li’sstudy showsthat by strength-
ening highjump athlete’straining on specia quaitiesas

Thehighjumpisahighly technical track andfield  snatching, squatting, triplejumping, jumper’srelative

event. With the development of the world track and
field career, highjumpershaveavery highleve intheir
day-to-day training process and agrowing number of
athletes and coaches have started to pay attention to
thetrainingof specid qudities. Therefore, in-depth sudy
on therelationship of long jumpers’ various special
qualitiesand corresponding performances possesses
greet redistic Sgnificance.

Rdaiveexpertsand scholarsfrom homeand abroad
have conducted al ot of research work ontherelation-
ship between specid performanceand specia quality.

specia performance can beimproved. Faping Chen,
through Statistical andysisof specid achievementsdata
and specid quditiesdataand sequencing of longjump-
ers’ eight specid qualitiesas: run between 30 meters,
the 100 metersrun and the standing triplejump, finds
that factorsas standing triplejump, run-up jump high
and therun-up hand tough height havethe greatest im-
pact on athletes’ specia performances. And previous
studiesare usually focused on theall various special
qualities. Whereas, specid quditiesaffecting highjump
athletes’ specia performancesare of many kinds, and
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itisimpossibletotakeinto account dl thespecid qudi-
ties by the High Jumpersin the day-to-day training.
Therefore, identifying severa mgjor aspectsaffecting
thehigh Jumpers’ specid performanceswith an appro-
priate method, in order to further guidethetraining of
coachesand athletes, ismoreredigtic.

Thisstudy amsat conducting principa component
andysisof variousspecid qudities, achievingthedrop-
dimensiond of specid qudities. Thenbuildaregresson
mode withthemain principa componentsand specia
achievementsand anadyzetheimportancedegreeof each
principal component to special performance, inorder
to provide certain theoretical basisfor high jumpers’
dalytraning.

BRIEFINTRODUCTIONOF THEMETHOD

Correlation analysis

The correlation analysisis a statistical analysis
method that studiesthe correl ation between theran-
dom variables, mainly by the correlation coefficient to
determinethe correation. For two variables, xandy,
if thesamplevauesarerespectively x, andy; , thenthe
correlaion coefficient of thetwois:
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If the absolutevalueof r,, iscloserto 1, it demon-
stratesthat the closer istherelationship between the
two variables; andif theabsolutevaueiscloser to 0, it
indicatesthat the rd ationshi p between thetwo variables
islessclosdly.

Principal component analysis

Thebasic principle of the Principal Component
Andyss

Supposethat thenumber of indexesisp, whichare
X1, X2,..., Xp. Tofind aset of independent composite

indicatorsZ1,Z2,..., Zpthat summarizethemaininfor-
mation of the number pindexes, isto find aset of con-
gantsail,a2,...,ap(i=12,...,p), that canredizethe
linear combination of the number p indexes, from a
mathematical point of view:

ZZ =a11X1+a12xZ + .- +aszp

pp“tp

Thelinear combination can generdizethemainin-
formation of thenumber p original indexes. For thecon-
venienceof description, introducethefollowingforms
of matrix:

Zl an ap r8yp a;
7 - Z, Al A az, a,
IRE INE
ZP ap; ap2 “App ap
X1
X
X =] 2
X

Then formula (1-1) can be expressed as Z=AX or

Z, =a; X
Z, =a,X
Z,=a,X
If formulaz, =ax satisfies

a8, —1andVar (Zy) = Maxvar(a X)} | then z1 is

named asthefirst principal component of original in-
dexesX1,X2,...,.Xp. When Zi*“Zj, principa compo-
nentsZi and Zj areunrelated, and Z1 isthelinear com-
bination withthelargest varianceamong all thelinear
combination of origina indexes X1, X2,...,Xp; Z2is
thelinear combination with thelargest varianceamong
all the linear combination of original indexes
X1,X2,...,.Xpexcept for Z1. Sequencetheindicators
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according tothevariancesize, and soon.
Basic stepsof principa component anaysisof the
basic steps:
1) Standardization of theraw data. With application
of Z-scoremethod, thetransformationformulais:

S

Zij =

1=1,2,3,...,p

Themean of thetransformed dataiszero and the
varianceisl.

Thereasonfor original datastandardization: inthe
principa component andysis, when determinethe prin-
cipa componentsby correlation coefficient matrix R
(covariance matrix X), variableswith larger variances

0" areoftengiven priority tofor consideration. In other

words, thisprocessishighly affected by the measure-
ment scalesof variables. Sometimesthiswill causeun-
reasonableresults. In order to moreobjectively explain
the connotation of the principa components, standard-
ization of the origina variabledatamust be conducted,
avoiding theimpact of themeasurement unitsand mag-
nitudes.
2) Determinethecorrelation matrix R of index data
Thecorrdation coefficient matrix R of Variables(in-
dicators) isthe starting point of the principal compo-
nent andys's. Measurement formulais:
o1 z”:( Xij— % X Xik — X )
n-14 s S

Or

AndthereisRii=1and rik=rkj.
3) DeterminetheEigen value, Eigenvectorsand the
contribution rateof matrix R

The characteristic equation of matrix R |21 - R =0,
and /1, (g=1, 2,...,P) isthe characteristic root of the

BioTechnology —

characteristic equation. It isthe variance of principa
component Z and its val ue describes each principal
component*sability to summarizetheorigina indexes’
information. And L representsaP-dimensional red vec-
tor. Thevector Lg ca culated from equations [4.1. - r]L, =0
isthe corresponding characteristic vector to character-
isticroot 4, . Itisasothe coefficient of each compo-
nent on the new coordinates of standardized vec-

tor. zj[z. = ( Zm J] ag=a/ é A thisformulashowseach
principal component explainstheinformation of the
origind variables, thatisvariance contributionrate.
Sepwiseregression analysis

Regresson andys sisused to sudy therelaionship
between obj ectivethings. Built onthebasisof alarge
number of observationsand test of objectivethings, itis
addigtica methodtofind thosestatiticd regularity hid-
denintheoutlook of uncertain phenomenon. Intermsof
theory and practice, multiplelinear regress ontechnique
isafarly classc quantitativeandyssmethod.

Theresearch objectsof multiplelinear regression
model isaffected by multiplefactors: X, , X, ,---, X, .
Aassumethat therdationship of variousfactorsand vy
islinear and then the multiplelinear regresson models
ae

Vi =B+ BXa+ BoXy + '+:8pxip +&

Wherein, B,,5,.--, B, isthenumberunknown param-
eters, f,.---,5, is caled as the regression constant,
B, called astheregression coefficient, yisknown as
thedependent variable, x,,x, -, x, isthegenera vari-
ablesthat can accurately measured and controlled, lso

called independent variables, s isRandom error. There
isthefollowing hypothesisabout therandom error:

D(¢)=0"
E(gi)=0 i=12,-,n
ocli=j Lo
cov(ie ,e, )= i,j=12,---,n
(s. SJ) {O,i;&O J

To apractical problem, if the set number of ob-
sarved datathat canbeobtainedisn: (x,,,x,....x,; )

i2 1 N s

andi=1.2,...,n.Thenthelinear regresson model for-
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mula (4 - 20)can beexpressed as:
i ﬂo +51X11+ﬂ2X12 t+- +ﬂpxlp + &
Y, = ﬂo + ﬂlX21 +ﬂ2X22 e +ﬂpx2p t+ &,
Yo = ﬂo +ﬂlxn1 +ﬂ2Xn2 +eeet ﬂpxnp +é&,

Intheformof matrixis y= XB+¢

Wherdn:
Y1 1% X, o Xip Bo &
y= Y, X = 1 %, % - Xop B= B 6= &,
Y 1 Xa X o an ﬁp &y

Egtimatetheregression parameters.

Estimatewith theleast squares method. Suppose
theresidua va ue between thetrueval ue and the esti-
mated va ue of themodd, then:

Wherein: v = xg, Y = xB

According to the requirementsof theleast squares
method, there should be: E'E=(Y-V)'(Y-Y)=Mn,
E'E=(Y-XB)'(Y-XB)=nin

Polevaueprinciple: according to differentia coef-
ficient of matrix, determinethederivativeof matrix g ,
and supposethevaueisO, then:

GE'E 9(Y-XB)(Y-XB) a(Y'Y-2Y'XB+B'X'XB)
B oB B oB ;

~2(Y'B)+2(X'X)B=0

VeCtor, g IS B=(x'X) X'y
In accordance with the application conditions of
themodd:
(1) Thedependent and independent variableshavea
linear rationship;
(2) Theobservations, Y,(i=1,2,---,n), areindepen-
dent of each other;
(3) Theresidud error e obeysthenormal distribution
with mean 0 and variance 4.
Select thetraining sample and test sample of the
BP neura network modeing for modeing, and smula
tion samplesareused to predict themultiplelinear re-
gresson modding. Thepredictiveanaysissequenceis
modeling, ingpectionand prediction.

STEPWISE REGRESSION MODEL OF THE
RELATIONSHIPBETWEEN HIGH JUMP-
ERS SPECIAL QUALITY AND SPECIAL
PERFORMANCE

Resear ch data

14 world elitema ehigh jumpers’ dataof specific
performance and the specia quality is collected, as
showninTABLE 1.

Descriptiveandysisof the 14 athletes’ specid qudli-
tiesand specid performanceswas performed, and the

The estimated va ue of the regression coefficient

resultsareshownin TABLE 2.
TABLE 1: 14 world eitemalehigh jumper s’ data of specific performanceand the special quality

Standing Run-up 4-6 steps After Highgrip  Squat Specific
Number 100m triplejump hand run-up throwing bar bell bar bell Performance
run/s touch :
height /m height /m shot /m /m /m /m
1 10.7 10.1 1.25 2.25 16 135 200 24
2 10.8 10.06 1.24 2.24 15.9 132.5 197.5 2.39
3 10.8 10.01 1.23 223 15.8 132.5 195 2.38
4 10.8 9.95 1.22 222 15.7 130 192.5 2.37
5 10.8 9.92 121 221 15.6 130 190 2.36
6 10.8 9.87 12 22 155 127.5 187.5 2.35
7 10.9 9.85 1.19 22 154 1275 185 2.34
8 10.9 9.75 1.19 219 15.3 127.5 185 2.33
9 10.9 9.7 1.18 218 15.2 125 180 2.32
10 10.9 9.63 1.18 218 15 125 1775 231
11 10.9 9.55 117 2.16 14.6 120 172.5 2.3
12 10.9 9.55 1.16 2.16 14.6 120 172.5 2.29
13 11 9.52 1.16 2.16 14.4 120 170 2.28
14 11 9.45 1.16 2.15 14.2 1175 170 2.27
s BioTechnology
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TABLE 2: Thedescriptiveanalysisresult of the 14 athletes’ special qualitiesand special achievements

Run-up

100m Standing hand 4-6 steps After High grip Squat Specific
Statistics triple run-up throwing barbell bar bell Performance
run/s . touch :
jump /m . height /m shot /m /m /m /m
height /m

Mean 10.8643 9.7793 1.1957 2.195 15.2286 126.4286  183.9286 2.335
?eva?gt?ﬁ] 0.08419  0.21614 0.03031 0.03205 0.58366 543442  10.36425 0.04183
Maximum 10.7 9.45 1.16 2.15 14.2 1175 170 2.27
Minimum 11 10.1 1.25 2.25 16 135 200 2.4

Correlation analysisof special quality and specific
performance

With person correl ation anadlys's, determinethe cor-
relation coefficient of each specia qudity and the spe-
cific performance, and theresultsisin TABLE 3.

Ascanbeseenfrom TABLE 3, thereiscorrelation
between each special quality and its performance.
Principal component analysisof thespecial quali-
ties

Thesevenspecid qudities, 100mrun, sandingtriple

jump, the run-up hand tough height, 4-6 strides ap-
proach height, after throwing theshot, thehigh grip bar-
bell and squat barbell areexpressed as x,, x, -+, x, re-
spectively. Conduct principa component andysisof the
seven variables, and partial correlation coefficients
among variablesareshownin TABLE 4.

Conduct significancetest of each partial correla-
tion coefficient, and Pislessthan 0.05, indicating that
there are correl ation between variables. Thereforeit
is necessary to conduct the principal component
andyss.

TABLE 3: Correlation analysisresultsbetween the special quality and the special perfor mance

Special 100m trsitpﬁg?:]r:r?p h;%lntgﬁch 4rSnS-tLGJ}:gS th?g/veirng High grip bsaqitkﬁl
performance/m run/s m height /m height /m shot /m barbell /m m
r -0.928 0.995 0.983 0.990 0.983 0.981 0.994
P 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TABLE 4: Thestatigtical information of the principal component
Initial Eigenvalues Extraction Sums of Squared L oadings
Component . . . .
Total % of Variance Cumulative % Total % of Variance Cumulative %
1 6.745 96.360 96.360 6.745 96.360 96.360
2 154 2.202 98.562
3 .069 .981 99.543
4 .018 .252 99.795
5 .009 124 99.919
6 .004 .058 99.978
7 .002 .022 100.000

Thedtatisticd information of the principa compo-
nentsisshowninTABLE 4.AscanbeseenfromTABLE
4, thecharacteristic root of thefirst principal compo-
nent is 96.36%, meaning the cumulative contribution
rate reachesto 96.36%. Thusonly select aprincipal
component. Thegravel figureof principa component
anayssresultisshowninFigurel.

Matrix of factor loadings of the principa compo-

nent analysisis shown in TABLE 5. As can be seen
fromTABLEDS5, thefirgt principa component contains
theinformation of dl thevariables.
Judging fromthematrix of factor loadings, expres-
sionsof thefirst principa component can be:
2, = -0.932* st + 0.994st, + 0.984st, + 0.992td, + 0.984stcl +0.988stc, + 0.996stc,
According to the above equation, thevalue of the
first principal component can be obtained.

BioTechnology —

Hn Tudian Jounual



755

BTAIJ, 8(6) 2013 Yan Feng

————, FyurL PAPER

Scree Plot

Build the stepwiseregression model

Thefirst principa component asindependent vari-
ablesand highjumpers’ specia performance asdepen-
dent variables, conduct theregresson analysis. Theco-
efficient of themode is rz=0.995, indicating good fit-
ting effect. The parametersof themodel areshownin
TABLE®G.

Judging from TABLE 6, thefinal established re-

Eigenvalue
5

Component Number

Figurel: Gravd figureof principal component analysis

gressonequationis.

y=2335+00427 .= 233+ 0042* (0,932 stckg +0.994stcl, -+ 0.98Astcl, +0.992stck, -+0.984sta, +0.988stc, +0.996stch)

TABLES5: Matrix of factor loadings

100m Standingtriple Run-up hand  4-6 stepsrun- After throwing High grip Squat
run/s jump /m touch height /m  up height /m shot /m barbell /m  barbell /m
Comrione”t -0.932 0.994 0.984 0.992 0.984 0.988 0.996
TABLE 6: Parameter estimation resultsof themodel [2] BingZhang,Hui Yue; Bio-mechanical Mathemati-
Partial  Standardized partial cal Model Analysisfor Race Walking Technique.
Parameter Lﬁge][ 329;': Rggfff*%‘?;? t P International Journal of Applied Mathematics and
ICI C ICI - .
- 5 235 5973290 000 Statistics, 40(14), 469-476 (2013).

(3]

0.042 0.998 50.348 .000

CONCLUSIONS

(1) Inthisstudy, the 1200m run, standing triplejump, the
run-up hand tough height, 4-6 strides approach
high, after throwing shot, high grip barbell and squat
barbell areclosely related with the high Jumpers’
specid performance.

(2) Build the prediction mode! of elitehigh Jump ath-
letes

, respectively representsfor the 100mrun, standingtriple
jump, therun-up hand tough height, 4-6 stride gpproach
height, after throwing shot, high grip barbell and barbell
squat. Thismodd reflectsthere ationship between high
jump athletes’ specia performancesand specia quali-
tiesand provides certain reference for the day-to-day
training of theathletes.
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