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ABSTRACT

This paper aims at the problems that long jump performance is more
volatile and it is difficult to quantify the overall strength of athletes,
uses mathematical tools to establish a scientific and reasonable long
jump comprehensive strength evaluation index system. It usesthe Prin-
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cipal Component Analysis (PCA) method to find the main factors, ana-
lyzes the results combining with expert advice, jointly determines the
AHP weight of each index, thereby establishes the long jump compre-
hensive strength evaluation system model; through empirical testing,
the results are scientific and rational, and can effectively solvethe over-
all strength quantization problem of long jump athlete’s.
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INTRODUCTION

How toimprovetheleve of longjumpistheissue
that track and field has studied for many years. Various
datistica methodsand artificid intelligencemodelsare
congdtantly being used to study the problem of long jump;
research methodsare morediverse and scientific, also
have madealot of progress. Such asYu Junand others
used multipleregression method to conduct difference
analysisfor the parameters mean, comparethetechni-
cal parametersof domestic and international eliteath-
letestoidentify thefactors causing differencesinthe
performance; Zhao Bing-jun used cluster analysis
method to study the eval uation index system that may
affect thelongjump performance; Wang Ying and oth-
ersaso conducted analysison thefactorsthat affect
thelong jump performancein many ways.

This paper, through alarge number of relevant in-
formation and thelatest research advancesinthefied at
homeand abroad, aimsat the problemsthat long jump
performanceismorevolatileanditisdifficult to quantify
theoverall strength of athletes, first establishesascien-
tificand reasonable eva uation index system; then comb-
ingthePrincipa Component Andysswithandytichier-
archy process, it uses Principal Component Anaysisto
help determinetheindex weightsinhierarchicd andysis
moddl, and overcomesthe shortcomingsof strong sub-
jectivity intraditiond expert scoring method; it conducts
research and empirica anaysiscombiningwith physica
fitnessand specid technica dataof many outstanding
athletes, and obtains more reasonable and accurate
evauationmodd of long jumping performanceinfluenc-
ing factors; it hasavery positive meaning to provide
scientific and quantitative basi sfor theimprovement of
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training methodsand longjumpers’ sdlection.

ESTABLISHMENT OF EVALUATION
INDEX SYSTEM

Theindicator selection method usedinthispaper is
theliterature and expert questionnairemethod; it uses
the study resultsof Zhao Bing-jun et al for reference,
takesinto account from objectivefactors, basic athletic
ability factors, specifictechnical factors, psychological
factors, mental factorsand other factors, improvesthe
previous established index system to conduct trade-
offsof variousindicators, and ultimately determinesthe
evaluationindex system of thisarticle. It includesboth
quditativeand quantitativeindicatorsindex, atotd of 5
first layer indicatorsand 24 secondary layer indicators,
asshowninTABLE 1.

TABLE 1: Influencingfactor evaluation indexesof longjump
performance

INFLUENCING FACTORSOFLONGJUMP
ATHLETICABILITY

Firstly weusethe statistical functionin spss17.0
software, conduct Principad ComponentAnaysisonthe
six secondary layer indicatorsof thefirst layer indicator
objectivefactors, and obtain that the cumulative contri-
bution rate of three factorsis morethan 80%. These
three main factors are denoted as F, F,, F., carry
through orthogond rotation onit, and obtain the maxi-
mum varianceload matrix asshownin TABLE 2.

AndthenthePrincipa Component Analysisresults
of six secondary layer indicatorsunder first layer indi-
cator of objectivefactor:

X, = 0.434F - 0.542F , + 0.156F,
X, = 0.708F, — 0.460F , + 0.106F
X, = 0.161F - 0.123F, + 0.883F,
X, =-0.532F + 0.614F, + 0.009F
X, = 0.643F, + 0.373F, + 0.256F,

X, = 0.077F + 0.031F, + 0.447F,

TABLE 2: Orthogonal rotation loading matrix of objective
factors

Principal factor

Secondary layer index

Fi F2 Fs

AgeCl 0434 -0542 0.156
Height C2 0.708 -0.460 0.106
Weight C3 -0.161 0.123 -0.883
Quetelet index i i
(weight/heightx1000) C4 0.532 0614 -0.009
Lower limbs length/

heightx100% C5 0.643 0.373 -0.256
Heart rate (time/m) C6 -0.077 0.031 0.447

Ascan beseen from the aboveresults, height and
leglength/ height are the most important factors; pri-
mary factor F, ismainly determined by twoindicators:
the age status and Quetel et index; primary factor F, is
mainly affected by body weight and heart rate. Con-
duct regression analysisof each factor, and then calcu-
late thewel ghted sum by thevariance contribution rate
of each factor, and obtain the composite score of each

factor:
F,=0.37X, + 0.723X, - 0.115X, — 0.509X, + 0.588X, — 0.188X,
F,=-0.654X - 0.132X, + 0.184X, + 0.588X, + 0.166X, + 0.36X,

F, = 0.29X, + 0.039X, — 0.694X, — 0.33X, + 0.245X_ + 0.417X,
Finally, compositescorefunction of firstlayer in-
dex objectivefactoris:

SI;S?;); Fi rlf]t dl:)zler Secondary layer index
AgeC1
Height (cm) C2
Weight (kg) C3
Objective Quetelet index (weight/height
Factor B1 x1000) (g/cm)C4
Lower limbs length/height x
00% C5
Heart rate (time/m) C6
30m run(s) C7
) ~ Rear throw shot C8
Sbe;sl;:;:yaggetlc Standing trip jump(m) C9
Influencing Run-up reach(m) C10
factor index 100m run(m) C11
Fgrsltqﬂrﬁf Run-up technique C12
athlgeii c P Run-up and takgoff
ability A Spexific combined techllmque C13
technique Take-off technique C14
factor B3 Soar technique C15
Touchdown technique C16
Pedal accuracy C17
Reaction speed C18
Psychological  Psychology stability C19
factors B4 Tenacious fighting C20
Magjor interest C21
) Receptivity ability C22
]'cgfo'r'g%‘ce Strain ability C23
Thinking ability C24
ﬂzbgecéndog C—
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A, = 31648F + 25872F, + 20402F @

Similarly, onecan get the composite score of other
fiveindicatorsand conduct Principad Component Analy-
sisonal sx indicators combining score. Thusyou can
get therdativeimportance of each indicator aswell as
theinfluencedegree onthelongjump performance, pro-
viding somebasi sfor the weights determination when
further establishAHPmodd.

EVALUATION MODELINGANDAPPLICA-
TION OFLONGJUMPATHLETICABILITY

Thispaper usesthe Principal Component Analysis
and expert scoring method to construct judgment ma-
trix, asks 10expertsin related fields to do pair-wise
comparison ontherd ativeimportance of index system
elementsin accordance with 1~9 scale method, com-
bining theexpert survey resultswith the above Princi-
pa ComponentAndysisresults, and findly getstheim-
portancejudgment matrix for each layer indicators cor-
responding to the superior layer indicators, shown as
follows

1 142 1 93 1
1 13 y2 3 4 4 1 4 3 2 3
3 1 2 3 4 Y2 Y4 1 12 Y3 12
A=l 2 Y2 1 2 3B yg 5 g g g
Y3 Y3 Y2 1 2 3 23 2 1 3
Y4 Y4 Y3 y2 1 1 Y3 2 1 Y3 1
1 Y2 1 1 3 Y3
1 3 2 12 4 2 1 3 2 4 12
1/311/21/328_11/311/221/3
B,=|¥2 2 1 Y2 2/B5 1 5 5 1 32
2 3 2 1 3
Y3 Y4 Y2 y3 1 y4
Y4 Y2 12 13 1 3 2 3 2 4 1
1 Y4 Y3 y3
4 1 2 2 1oy2 4
B3 y2 1 2| BT ts
3 Y2 ¥2 1 ya y7 1

Thefirst layer index weight vector isW= (0.20,
0.33, 0.25, 0.14, 0.08)", and the secondary index
welght vector is:

W, =(0.13, 0.26, 0.10, 0.15, 0.22, 0.14)"
W, =(0.24, 0.15, 0.20, 0.29, 0.12)"

W, = (0.16, 0.20, 0.14, 0.18, 0.08, 0.24)"
W, =(0.18, 0.30, 0.27, 0.25)"

W, =(0.35, 0.46, 0.19)".

Then conduct consistency test for each judgment
matriX (takethejudgment matrix Afor example), first
caculaethemaximumeigenvaued

1 13 12 3 4)\(020) (1175
3 1 2 3 4l033| | 217
AW=| 2 12 1 2 3[025|=|1.335
Y3 Y3 12 1 2(|014| |0.602
Y4 14 Y3 12 1)(0.08) (0.366
P __Z (4m), 1 1175 2.17
51020 0233
1335 0.602 0.366) _ __
+ + =5.33
025 014 008 )
Cl = fmaN_533-5_ 4 pooe
n-1
_C1_008%5 474
RI 1.12

CR=0.074<0.1, indicating thet theindividud judg-
ment matrix isin good consistency. Similarly, thethird
layer indicatorsof layer C and theindicatorsof layer B
have good agreement, so the abovejudgment matrix A
and B, can be used to buildlong jump comprehensive
quality evauationmodd.

Using thee genvectorsand elgenva uesof judgment
matrix obtained above, we can obtaintheloca weights
of 24 third layer indicators. Then conduct quadrature
withloca weightsof higher leve indicators, globa weight
can beobtained shownin TABLE 3 below:

Combining with theabove constructed evaluation
index system, thejudgment matrix provento meet the
consistency condition, aswell astheloca and compre-
hensiveweight of eachindicator, you can calculatethe
overall quality index of each long jumper to achieve
effect that quantify thelong jump sportseffect, and then
conduct the evaluation and analysisfor anumber of
players. Where each player’s comprehensive quality
index iscaculated asfollows:

19
A =2 dw @
i=1
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InFormula(2), A representstheoverdl qudity in-
dex of the player, d meanstheeva uation result of the
i-thindicator, whichisastandardized data(0<d < 1);
for the valuesof eachindicator, that can be quantified
will directly conduct standardization and removethe
effect of dimension; That cannot bequantified will be
determined using score averaging method by anumber
of experts.

TABLE 3: Comprehensivequality evaluation index weight
table

First Third .
layer Set_:ondary Weight layer Io_cal Comprfehenswe
. index . weight weight
index index
cCi 013 0.026
C2 0.26 0.052
C3 0.0 0.020
Bl 0.20
C4 015 0.030
C5 022 0.044
C6 014 0.028
C7 024 0.079
C8 0.15 0.050
B2 0.33 c9 0.20 0.066
C10 0.29 0.096
C11 012 0.040
A Cl12 0.16 0.040
C13 0.20 0.050
Cl4 0.14 0.035
B3 0.25
Ci15 0.18 0.045
Ci16 0.08 0.020
Cl7 0.24 0.060
Ci8 0.18 0.025
C19 0.30 0.042
B4 0.14
c20 0.27 0.038
C21 025 0.035
c22 035 0.028
B5 0.08 C23 0.46 0.037
C24 019 0.015

In order to verify the effectiveness of the model,
this paper selectsthe indicator dataof six track and
field team longjumpers, whichisusedtoempirical re-
search ontheeva uation modd . Theindicatorsdatais
from the Sports Council website, theresultsafter nu-
merica standardization of eachindicator areshownin
TABLE4:

TABLE 4: Thestandardized resultsof each index score

Index 1 2 3 4 5 6
C1 085 082 070 087 068 0.69
Cc2 072 078 0.76 088 052 0.50
C3 069 066 064 069 061 0.60
C4 0.63 057 040 075 044 0.49
C5 068 052 046 084 049 041
C6 070 075 065 062 055 0.69
c7 050 059 057 073 060 0.56
C8 077 084 080 069 060 0.70
C9 061 063 061 058 060 0.66

C10 081 087 072 080 066 0.65
Cl1 075 085 081 08 074 0.73
C12 080 089 074 087 083 0.79
C13 0.87 080 070 086 080 0.70
Cl14 0.75 080 070 067 064 0.71
C15 070 072 069 069 065 0.68
Cl6 069 071 065 074 062 0.64
C17 065 069 068 070 070 0.64
C18 071 074 070 078 072 0.70
C19 0.64 067 062 070 057 059
C20 078 058 077 071 075 0.78
Cc21 085 063 074 068 084 084
Cc22 091 074 070 092 068 0.86
C23 082 08 064 090 063 0.67
C24 073 080 066 08 071 0.74
;(;alrtl?&s; 691 693 686 7.02 6.80 6.8

Based ontheabovelongjump overal strength cal-
culationformulaand theweight of eachindex wehave:

19
A =3 dw =0.026d, +0.052d,

i=1
+0.020d, +---+0.015d,, 3
Substituted, of TABLE 6 into the above equation
(3) wecan obtain that long jump overal strength scores
of these six athletes are respectively 0.724, 0.730,
0.673, 0.760, 0.648 and 0.656. In contrast with the
actual results, the evaluation results are accurate and
objective, thescoresituaionisbasicaly consstent with
their actua performancedistribution. The aboveem-
pirical analysisshowsthat themode establishedinthis
paper is safe and effective. As can be seen from the
andyssresultsthebasic athletic ability and specid tech-
nical capabilitiesarethe prerequisitesthat affect the
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overall strength of long jumpers; height, body shape,
leglength, psychological quaity and other factorsalso
areanimportant part of thelongjump overd| strength.

CONCLUSIONS

Onthebasisof establishingascientificand rationa
longjump comprehensivestrength eva uationindex, this
paper usesthe Principa Component Analysisto iden-
tify the main factors, and as abasi s establishes|ong
jump comprehens ve strength eva uation system com-
bining with AHP; through empirical testing, it can ob-
jectively and accurately assessthe overal strength of
thelongjump athletes, and hasahigh application v ue
for theformulation of targeted training programs, the
improvement of thelong jump and scientific athletes
sdection.
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