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ABSTRACT

Fatigue degree assessment has a significant role in guiding for training
strategies. This paper collected heart rate data during the eight weeks of
training and subjective questionnaire data of the fatigue degree of 31
swimmers. Among them heart rate datais composed of five data: the heart
rate value when getting up early in the morning, the heart rate value
during the training preparation, the heart rate value when intensity of
training isthe largest, the heart rate value when finishing the training and
the heart rate value when finishing the recovering. Subjective
guestionnaire data of the fatigue degree is composed of three data: the
negative evaluation value, the physical strength overdraft value and the
reduced value of confidence degree. Through heart rate data of the entire
process, explore its relationship with the three items’ data of the fatigue
degree, and establish a multiple linear regression model. After data test,
model has good fitting degree and significance. It isreasonable to use the
model to evaluate the fatigue degree of athletes.
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INTRODUCTION

We know that the human body will feel fatigue
after somemovement, through therest thefatiguewill
be reduced as well asrecover to theinitial state or
even exceed theoriginal good state, thisiswhy the
recovery of body functions can improvethe perfor-
mance of athletes. The sport of swimmingisaphysi-
ca leading sport. Inthetraining process of thismove-
ment, the athletes can easily fedl fatigue. If athletes’
fatigue degreeisvery high and reaches excessivefa-
tigue, it will have animpact for therecovery of phys-
cal functions, which not only will not help improve

performance, but also hurt the body healthy. In the
Fifth International sportsbiochemistry meeting 1982,
thedefinition of physical functionsfatigue: physiologi-
cal processes of the body cannot continueitsfunction
inaparticular level or cannot maintain itsintended
exerciseintensity. In competitive swimming training,
theload capacity on athletesislargeand continuesfor
along time. Thiskind of training sometimes makes
athletesreach excessivefatigue, causesharmtomind
and body. M oderate fatigue contributesto theimprove-
ment of athletic ability.

Many people have made efforts on research of
sportsfatigueand recovery, such as. Wu Shaoming and
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Zhou Zhijie, from Sports Department of Wuhan Uni-
versity, in paper “Research on sportsfatigue and re-
covery”, expounded therel ationship between fatigue
and recovery, explaned theinfluencestoimprovetraining
results, explaned and andyzed from the perspective of
qualitative; Zhao Quan, from Pingdingshan Teachers
Collegein paper “the assessment and recovery of the
degreeof fatiguein themovement”, restated thisissue
with the results of the references. Theformer oneis
quditativeanalysiswith difficult operability, whilethe
latter onejust defined and restated some conceptual
problemswith poor operability too.

By analyzing thedataof heart ratein five periods,
thispaper obtal nsthreeindexesof fatigueof body func-
tions, and the operability isgood. Theuseof multiple
linear regression method well explained the process,
and the goodness of fitting and significancearevery
good.

RESEARCH OBJECT AND METHOD

Resear ch object

For certain Sports College of sportsschool, there
areatotd of 31 peopleof fourth gradesstudentsin swim-
ming mgor, including eight nationd master, thirteen na-
tiond firg-leved athletesand twel ve nationd secondary
athletes. The average ageis 23.yearsold. Rankingin
accordancewiththelevel, thefirst 16 areagroup and
thelast 15 areagroup. Study therelation of the heart
rateval uewhen getting up early inthemorning, the heart
rateva ueduring thetraining preparation, the heart rate
vauewhenintengity of trainingisthelargest, the heart
ratevauewhenfinishingthetraining, theheart ratevaue
whenfinishingtherecovering, thenegaiveevauaionvaue
of fatiguedegree, thephysica strength overdraft value
and thereduced va ue of confidence degreein theeight
weeksof training, asshownin TABLE 1.

TABLE 1: Datalist of thetwo groups’ athletes

the heart the heart
the heart
ratevalue theheart rate ratevalue ratevalue the heart the th_e the reduced
Weeks w_hen value during . h ; when ratevalue negative physical value of
Group N getting up s intensity L when : strength h
umber . thetraining e finishing S evaluation confidence
early in . of training finishing the overdraft
the preparation isthe t.h? recovering value value degree
mor ning lar gest training
1 61.2 79.5 165.8 140 88 8.17 7.42 -0.67
2 60.7 79.1 166.1 141.3 87.8 7.42 6.92 -1.08
3 615 80.3 168.8 141.8 87.7 7.83 7.42 -0.67
4 60.9 79.7 166.8 141.7 87 75 7.08 -1.17
f/g‘fuaggafee 5 64.6 84.8 175.1 151.7 94.1 11.12 9.96 1.16
people of 6 63.3 84 175.2 152 72.9 9.96 9.46 0.81
gféjg”d' no 7 63.9 85.1 187.3 152.4 92.4 10 9.96 1.16
8 63.4 84.2 176 152 91.8 9.65 9.29 0.36
1 63.5 80 166.2 141.8 92.8 11.64 10.09 -0.67
2 63.5 79.7 167 142.3 925 11.45 9.91 -1.08
" 3 64.3 80.8 169.9 143.7 93.3 11.82 10.36 -0.67
Vet e 4 63.4 80.3 1685 1441 2.9 11.82 1026 117
';‘;pllz 5 67.1 84.1 175.7 155.8 98.1 14.23 13.2 1.16
6 67 85.6 175.9 155.6 97.4 14.84 12.89 0.81
7 67.6 84.5 188.8 156.4 98 14.04 13.13 1.16
8 66.8 83.7 177.9 155.7 97.4 17.87 12.68 0.36

Note: The units of heart rate value is (beats/ min)
Resear ch method
1) Document literature

Through CNKI and other data base, download

rel ated research papers, mathematical statisticstutori-
alsand statistics courseware, which makes adequate
preparation for the correctness of thetheory and cal-
culation.
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2) Mathematical statistics

Use EXCEL spreadsheet soft and mathematicd in-
tegrated computing system-FORLAB to conduct pro-
cessing and computing onthe statistical data.

THE MODEL ESTABLISHMENT OF MUL
TIPLE LINEAR REGRESSIONS

Multiplelinear regressions

In practical problems, thefactorsaffecting athing
areoften morethan one or devel opment trend i nfluenc-
ing factorsand thingsisnot alinear relationship. To
identify thefunctional rel ationship between thesefac-
tors and things, multiple linear regression isagood
method. This paper studiesrepresentative heart rate
valueof fivestages of acyclein swimming. Soregard
thesefivevalues asfivevariables, nameyfive-ee-
ment linear regression model. If therandom variable

yisrelated to p(p > 2) numbers of ordinary vari-

ablex;, X, %, -+, X, , and satisfiesequation (1), equa-
tion (1) isthemathemeatica descriptionway of themul-
tiplelinear regression.

Y= Bo+ BiX + L%, + BaXg +
{E(e):O,Var () =52 < +w &)
Equation (1) iscall p meta-theory linear regression

model; By, B1s By Bar -

cients; X, %, X;,+-, X, are called the regression fac-
tors or design factor, factors for short. Parameters
£ =123, p)reflect the influence of fac-

torsx (i=123,--, p) totheobservation y , soisalso
known astheeffects of factor.

Suppose there are n groups of sample observa
tions(x,,, x,,. X5+ X, 13, Ki = 1.2.3,---.n) Whichare
not al thesame, obtaining formula(2) by formula(1):
J’..‘]—' = Bo + Byxy + BoXig + Byxig -+ By, + g
"|__E(gf )=0.Var(e;) =8 <+
Wherein;=123,..-.n, MOreover &.&,.5;.
dependent to each other.

Thematrix expression of theformula(2) isshown
informula(3):
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8, e
Whereinis|_then-order unit matrix, 1 isthen-dimen-
sional column vector that theelementsareal 1. Yis
called theobservation vector of randomvariables,  is
the unknown parameter vector, isdesign matrix, Xis
the-dimensional random error vector. Intheregression
analysis, generally assumerank(X)=P+1, namely re-
quire that X is the column satisfaction. So it has

E(Y)=XB.Var(e) = 5I,- Generaly take s - n7(0, 52,
sotheexpressionform of formul a(3) isshown asfor-
mula(4) below:

[T=Xp+e
le~N(0.671,) @

(¥, ) |h Xy vt g

Regression coefficient calculation method

Using theleast squares method to solvethe esti-
mated vector s of theregression coefficientscolumn
vector 3 inmode (4), theregression coefficientserror
sum of squaresisshowninequation (5):

(ﬁa Br- B By ) T(l = Bo = Brxa = o —"'—ﬁp"p): (5)

Based on the idea of the least squares method,
choosethe group with thesmallest error sum of square
asthe parameters estimation of theregression coeffi-
cients, thatistosay, if ,. g,. g,.---. g, existsand it sat-

isfi estheequation (6):

Q, ﬁc BB ﬁ | min{O(f,. 6. By B, ) )
lgc_ﬁuﬁ:_ ---ﬁp |stheleast squares estimation of pa-
rameters.

Regression effect and regression coefficient sig-
nificancetest

The linear relationship closeness of y and
X.X,. X3, -.X, isrelated to the proportion of regres-
sonsum of squareinthetota sumof squares. Wherein
the expression of regression sum of squaresU andthe
tota sum of squares L, isshowninformula(7) below:

(7
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R =1u|'% iscaled thesamplemultiplecorrelation co-

efficient y of x;.x,.x;.---.x, and, denoting the good-
nessof fitting. Inthepractica gpplicationof themultiple
linear regressions, the negative correl ation coefficient
indicatesthe good and bad of thefitting degree of re-
gression equation to the sampledata, anditsrangeis
0< R <1. Thecloser to 1 itsvaueis, the higher the
goodness of fitting becomes. But when the number of
independent variablesand samplesizeiscloseto each
other, Risvulnerableto approach 1. At thismoment
thegood and bad of themodd isdetermined by Rwhich
should be carefully considered.

When theregression effectsare significant, it can
explainsthat g,. 5. 5,.---.8, arenot al 0. But oneor
m(m < p) Numbersof 3 are zero, which meansthat y
and x areirrelevant or that theroleof x isreplaced by
x,(j =9). Thusx should be removed from the regres-
sonequation
Fatiguefeasibility calculations

Theregression equati on obtained by achievements

sample(x.x .y )i =1.2.---.m)isshowninfor-
mula(8)below
Y= Bot Bi%+ Bty + Byt 3, ®

After test theregression effect and regression co-
efficient areboth sgnificant. When givenaset of values

(rg XppeXpz.uXy, ), it iS reasonable to take

nt BN+

1“0 :fﬁ.’n"';q 'Yc-1+ﬁ_- 3!
timation of E(y,). Becauseaccordingtoformula(4), 1
isthe unbiased estimation of E(y,).

-+ ,éﬁ x,, asthepoint es-

RESULT ANALYSIS

Changesof thefatigueindex

Accordingtothedatain TABLE 1, draw scattered
trend chart, asshowninFigure 1.
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Figurel: Linechart of twogroups’ fatigueindex

Theupper left in Figure 1isthe negative evalua-
tion vaueof first Sixteen peoplein outstanding group;
the upper middleisthe physical strength exhaustion
value of first sixteen peoplein outstanding group; the
upper right isthereduced value of confidence degree
of first sixteen peoplein outstanding group; the lower
left is the negative evaluation value of last fifteen
people; thelower middleisthe physical strength ex-
haustion vaueof last fifteen people; thelower right is
thereduced val ue of confidence degreeof |ast fifteen
people.

Variabledata

Usevector x;=(x, x, ... . topresenttheheart
rateval uewhen getting up early inthemorning.

Usevector [v, =(x,, x,, <) to present the
heart ratevaueduring thetraini ng preparatl on.

Usevector x; =[x, x, - x,,/t0presenttheheart
ratevaluewhenintensity of trainingisthelarges.

Usevector x, =(x,, x, - x,,) tOpresentthe
heart rateva uewhen finishingthetraining.

Usevector X, =(x;; x5, x: ¢ ) tOpresent the
heart rateval uewhen finishi ngtherecovering.

Usevector  =(y,, ¥, ¥,,¢) tO present the
negativeeva udti on vall ue.

Usevector v,=(y,, 3., - ».,) topresent the
physical strength overdraft vaue.

Use vector v, =(y,, ., ¥,,5) 10 present the
reduced value of confl dence degree.

Theestablishment of regression equation

In accordance with theleast squaresmethod, the
datain TABLE 1 and thevariabledatain 3.2, establish

theregresson equationof Y, and x......x;, asshownin
formula(9) bel ow:
¥, =—43.4409+1.3277 X,— 0.5698 X, 0.0923 X, —0.2149)@_— 0.0083)}5 9)

Establishtheregressonequationof Y, and x......x,,
asshowninformula(10) below:
¥, = -46 4417 +1 0666 X,~ 0.1034 X,~ 0 0079 X,— 0 0025 X ,+ 0 0144 X (10)
Establishtheregressonequation Y, of and v......x;,
asshowninformula(11) below:

¥; =—30.7866+0.0464X,+03284X,+0.0215X,-0.0108X,-0.0144.X

Model test

Thedatistica parametersof modd (9) (10) (11) is
showninTABLE 2:

(1)
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TABLE2: Ligt of model parameters

Category Theresidual sum of squares The sum of deviation squares M ultiple correlation coefficient Variance
Model (9) 11.6173 129.911 0.9542 1.9678
Model (10) 1.0845 67.9092 0.992 0.6012
Model(11) 1.0735 13.8175 0.9604 0.5982

Thegoodnessof fittingand significantisgood. The
model can make good use of heart ratevalueinfive ACKNOWLEDGEMENTS

training period, to determinethe fatigue degree of the
ahletes.

Evaluation of thefatiguedegree

Theindex eva uation of thefatigue degree of mode
(9) (10) (11) isshown asformula(12) below:

|\z® =i1?

! i=l

'z e[1316], 2" =2z,

7 e[16,23], 2" =2,
|Z7e[23.40], 2" =Z

(12)

In Formula(12) Z" isaconcentrated expression of
thedegree of fatigue, thegreater itsvaueis, thegreater
thefatiguedegreebecomes; Z " representsthat thetrain-
ing processisof the best fatiguedegree, Z, represents
that thetraining processisof strong fatigue degree, Z;
representsthat thetraining processisof theexcessive
fatigue, lessthan Z " representsthat thetraining pro-
cessisdtill lack of thefatigueand can alsoincreasethe
load amount.

In summary, the changesin the human heart rate
canreflect thefatigue degree of physical function. In
thewhole motor process, we can usethefive heart rate
va uesto measurethefatigue degree of the body, mak-
ing the appropriate responsefor thetrainingintensity
adjustment.

CONCLUSIONS

Five-d ement linear regressonmode well explains
the degree of fatigue during exercise; theregression
model established has high goodness of fitting, very
good significanceand very high accuracy; theintensity
adjustment of swimming training can be determined
based ontheevaluation level of fatigue degreeintro-
ducedinthismodd.

“And the concept of athletic ability, approach -
avoidancegod orientation related cognitiveeva uation
model,”” Henan Socia SciencePlanning Project, Project
Number: 2011FTY 011.
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