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ABSTRACT

Aiming at the problem that sprint athletic performance can bevolatile and
it isdifficult to quantify the real strength of athletes, this paper, by alarge
number of studiesand long-term practice, daringly improvesthetraditional
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exercise capacity research methods, establishes new, more scientific and
reasonable sprint athletic ability evaluation index system and establishes
quantitative model using Analytic Hierarchy Process. After empirical test
the results are scientific and reasonable, effectively solve the overall
strength quantification problem of sprinters; the results have a high
application value for the development of targeted training programs, the
improvement of sprint performance and scientific selection.
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INTRODUCTION

Withtheincreasingly devel opment of modern ath-
leticsand scientifically sound of traininglevel, there-
quirement of the athlete’s athl etic ability needsto be
improved. In order toimprove athletic performance,
weneed to start from athletic ability. Without good ath-
letic ability, evenwith better training method, itisdiffi-
cult to obtain excellent results. And research on exer-
cise capacity isalso very important inthe Sprinter se-
lection stage. Dueto the body’s own characteristics,
each person’spotential inthe sportisdifferent. Early
detection of potential talent, scientific and accurate
evauation of itsathletic ability can avoid theenormous
wagteinthehuman, materid andfinandd aspects, which
isdirection that theentire sportsindustry hasbeenwork-
ingfor.

Onthe basisof anumber of related research, this
paper combineswith practical experience, usesAHP
to study factorsaffecting sprint ability, establishesmath-
ematical evaluation model, not takesthe actual best
score as astandard to measure the sprint ability, but
judgethe sprint comprehensive ability withtheaffect of
all aspectsof quality and factors, excludesresultsvola
tility brought by avariety of destabilizing factors, and
hopesto get an objective, scientific and accurate ca-
pacity assessment.

RESEARCH METHOD AND PROCESS

Resear ch object

40 sophomoreboys, there are 20 students of sports
speciaty in professional sprint training, and 20 non-
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sportsmgjors.
Resear ch method

This paper uses the analytic hierarchy process
(AHP), themethod is proposed by the famousAmeri-
can operation researcher Saaty TL  in the 1970s;
After forty years of devel opment and improvement, it
has now become avery common anaysismethodin
system science. Itshierarchical structureisshownin
Figurel:
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Figurel: AHPhierarchical structuremodel

Where, layer Aisthetarget layer, layer Bisthefirst
level index layer, and layer Cisthesecondary index layer.

Thisindex selection method used in this paper is
theliteratureand expert questionnaire, conduct acom-
prehensive study on thefactorsthat affect sprint per-
formanceand read alot of literature, many previous
studieshavefound someindicatorsthat haveimpact on
sprint performance. It seeks many expert opinionsthat
havelong been engaged in spring training, improvesthe
previousestablished index system, conductstrade-offs
of variousindicators, and ultimately determinesthe
evaluationindex system of thisarticle. Thereareboth
quaitative and quantitativeindicatorsincluding body
shape, physiology, sportsqudity, coach eva uation, with
atotal of fivefirst level indicatorsand 17 secondary
indicators, asshowninTABLE 1.

Research process
After evaluation index system isestablished, we

TABLE 1: Sprint capacity evaluation sysem

Target layer A First level index B

Secondary index C

Body shape B1

Physiological function B2
Sprint capacity evaluation

Sport quality B3

Coach evaluation B4

AgeCl

Height C2

Quetlet index(weight/height X 1000)(g/cm)C3
Lower limbs length/height < 100% C4

Thigh length/calf length X 100% C5

Ankle circumference/tendo calcaneus length < 100% C6
Heart rate(time/m) C7

Vital capacity/weight (ml/kg) C8

Sound reaction time(ms) C9

60m run(s) C10

Standing triple jump(m) C11

Stride frequency(step/s) C12

Back throw shot(m) C13

Physical coordination C14

The receptivity ability C15

Running posture C16

Willpower C17

need to determinetheweight of eachindex. First, de-
terminethe scale, theweight calcul ation of AHP has
multipledifferent scales. The most commonly usedis
the classic 1~9 and scale method of its countdown
raised by SATTY. Thisscaling method has strong sub-
jective, low value accuracy and other defects. This

9 17
paper selectsanew scale, namelyln[gej ~ In(TeJ ,

theweight cal cul ation resultsunder thisscaleismore
scientific and reliablethan several other scales. The
comparison withthetraditional 1~9 scoring criteriais
inTABLE 2:
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TABLE 2: Description comparison of twokindsof scales

Scale 1-9 In(ge]~ln(£ ]

9 1
Equally important 1 In[g e] =1.000
Tiny important 2 In[%ej 1223
Little important 3 In[%lej —1452
More important 4 In[%ej ~ 1,603
Obviously important 5 In[l—:ej =1.956
Very Important 6 In[% e] =2.253
Highly important 7 In(%ej = 2609
Essentially important 8 In [? e} =3.079
Extremely important 9 In[% ej =3833

Use a, to represent therelativeimportance degree
of two sel ected elements, construct therelativeimpor-
tance degreejudgment matrix a of eachindicator to
represent the compari son results of each group.

a, &, - &,
A= Ay Ay vt Ay
a, 4, - a,

Wherea, =1,a, >0, and, &;i :a_i;

Theindex weight questionnaireinthispaper are 74
parts and returned valid questionnaires are 70 parts,
surveyed object includes 12 national coaches, 20 se-
nior coaches, and 30 professors and associ ate profes-
sorslong-term engaged intrack and field projectstrain-
ing and teaching, construct judgment matrix combining

withanumber of expert opinionsasfollows:

1000 1693 1.223
0591 1.000 0.689
“| 0811 1452 1.000
0444 0591 0511

2.253
1.693
1.956
1.000

1.000
3.079
2.253

> | 2.609

0.325
1.000
0.689
0.811
2.253 0.689 1.000 0.811 1.000 0.591
3.079 1.233 1452 1.233 1.693 1.000

0.444
1.452
1.000
1.233

0.383
1.233
0.811
1.000

0.444
1.452
1.000
1.233

0.325
0.811
0.689
0.811

1.000 0.689 0.325
1452 1.000 0.444
3.079 2.253 1.000

B, =

1.000
0.689
0.811
0.444

1.452
1.000
1.233
0.591

1.233
0.811
1.000
0.511

2.253
1.693
1.956
1.000

1.000
0.261
* 10591
0511

3.833
1.000
3.079
3.079

1.693
0.325
1.000
1.000

1.956
0.325
1.000 |.
1.000

Using the effective judgment matrix a obtained
above, you canfind theindex weight of index layer g,
and theseweights constitute the importance degree of
eachindex inlayer g . Similarly, wecan obtainthein-
dex weight of layer gtoindex layer c . Findly, findthe
comprehensiveweight of layer g and layer c tothe
target layer. The commonly used cal cul ation methods
have mean method and sgquare root method. We use
the squareroot method. Conduct quadratureto therow
elements in the judgment matrix, and then seek the

power of /n:

w =[1j0.j]%,(i,j =12,...,n)

Rerunning normalization processing, get weighting
coefficient:
V\/i

n

W

i=1

)

W =
3

Weight vector W = (W,,W,,...,W, )"
From the abovejudgment matrix, thefirst layer in-

dex weight vectorw =(0.37,0.20,0.35,0.08)" and the
secondary index weight vector

W, =(0.06,0.21,0.16,0.19,0.15,0.23)"
W, =(0.18,0.24,0.58)"
W, =(0.33,0.24,0.28,0.15)"

W, =(0.42,0.08,0.26,0.24)" .

Inorder to ensurethevaidity of thejudgment ma-
trix and wei ght, we a so need the consistency test, as
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showninfollowingformula

A_.-n

Cl = Zm
n-1 @
18 (AW),

I S S

o nZl: " ®)
Cl

CR=—
Rl (6)

Wherec| isthegenera consistency index, ry isthe
averagerandom consistency index. Whentheorder is
different, itsvalueisshownin TABLE 3. Parameter

e 1Sthemaximum eigenva ue of thejudgment matrix.

Whenthecaculatedcr vaueissmaller, thejudgment
matrix ismoreeffective. Theusua sandardiscr< 0.1.
Conversaly, if the crvalueistoo large, you need to
adjust thejudgment matrix.

TABLE 3: Thevaluesof averagerandom consistency index

Order 1 2 3 4 5 6 7 8 9
RI 0.00 000 058 090 112 124 132 141 145

Using the above formula(4), (5), (6) to conduct
consigency test for each judgment matrix (takethejudg-
ment matrix for example), first ca culatethe maximum

egenvaues ., :
1.000 1.693 1.000 3.383)(0.33) (1.29
Ay | 0591 1000 0591 2609|1020 |0.81
“|1.000 1693 1000 3.833[|0.35| |133
0261 0.383 0.261 1.000)|0.08) |0.33
n (AW)
. :12( ) _1(120 081 133 033) ..
NS ow 41033 020 035 008
Cl = foaN 3974 (0097
n-1 3
cr=SL 200097 4407
R~ 090

CR=-0.107 < 0.1, indicating that the individual
judgment matrix isingood consistency. Similarly, the
third layer indicators of layer ¢ and theindicators of
layer g have good agreement, so the above judgment
matrix A and B canbeused to build sprinting ability
evauationmodd.

Using thee genvectorsand e genvd ues of judgment
matrix obtained above, we can obtainthelocal weights
of 24 third layer indicators. Then conduct quadrature
withlocd weightsof higher leve indicators, globa weght
can be obtained shownin TABLE 4 below:

TABLE 4: Sprint Comprehensivequality evaluation index weight table

First layer index  Secondary index Weight  Third layer index  local weight ~ Comprehensive weight

C1 0.06 0.022

c2 0.21 0.078

C3 0.16 0.059

Bl 037 C4 0.19 0.070

C5 0.15 0.056

C6 0.23 0.085

c7 0.18 0.036

B2 0.20 C8 0.24 0.048

A C9 0.58 0.116
C10 0.33 0.116

Cl1 0.24 0.084

B3 035 C12 0.28 0.098

C13 0.15 0.053

Cl4 0.42 0.034

C15 0.08 0.006

B4 0.08 C16 0.26 0.021

C17 0.24 0.019

Combining with theabove constructed evaluation

hensiveweight of eachindicator, you can calculatethe

index system, thejudgment matrix provento meetthe overall quality index of each long jumper to achieve

congsistency condition, aswell astheloca and compre-

effect that quantify thelong jump sportseffect, and then
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conduct the evaluation and analysisfor anumber of
players. Where each player’s comprehensive quality
index iscalculated asfollows:

A =2 dw U
i=1

InFormula, A representstheoveral quality index

of theplayer, d, (0< d. <1) meanstheeva uation re-
ault of the j —thindicator,
First definethe mean valueand standard deviation

of the j -thindicator for the f -thsample:

X; :szij (8)

S :\f;()ﬁj -%)? ©

Thentheraw dataisnormalized to:

X; :()ﬁj =X )/Sj (10)
Then use extreme standardi zation formulato map
standardized datainto[0,1] , namely:

! !
)ﬂj B Xj min
!/ ’

X - Xj min

j max

= @)

Where: ./ andx,,,", respectively, meantheminimum

andmaximumvaluesof x ', x,',...,x," ;%; isthestan-

dardized resultsof the j —thindex valuefor the j -th
sample,

Theempirical study selected 40 sophomore boys
inour school, including 20 studentsof sportsmajors,
20 non-sportsmajors, aged between 19-21 yearsold;
theresultsarethebest annual 100m sprint results; the
variousindicatorsdataarefrom theannua eva uation;
and theindicator valuesis standardized. Based onthe
above sprint ability formulaand each index weight we
h a v e

17
A =Y dw =0.022d, +0.078d, +0.022d, +---+0.019d,, |

i=1
usethedatain TABLE 5to cd culatethe sprinting abil-
ity evaluation results for each sample, as shownin
TABLES:

TABLE5: Thecomparison of themodel evaluation resultswith theannual best performance

No. 1 2 3 4 5 6 7 8 9 10
Evaluation value 0728 0750 068 0728 0637 0646 0631 0.608 0622 0.616
Measured value(s) 1158 1120 1172 1165 1203 1264 1279 1323 1302 1241
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