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Abstract

Objectives. The primary objective of this study was to evaluate the selected physiological parameters and
performance of female swimmers in the 200 m individual medley, analysing the contribution of selected physiological
variables and construction of predictive model.

Materials and methods. The study involved forty female swimmers, who were recruited from the state of

West Bengal, India. This selection specifically targeted individuals who had actively engaged in the demanding
disciplines of the 200 m individual medley swimming events. Furthermore, subjects were carefully selected from

the age group spanning 17 to 25 years. After quantifying physiological parameters, swimmers performed a 200 m
individual medley test. A value of a = 0.05 was used for all tests as the criterion to determine the presence or absence
of significance. Pearson’s product moment correlation coeflicient (r) was used for assessing the various relationships
of the selected variables towards the performance in the 200 m individual medley.

Results. A significant relationship was found between VO,max (r = -0.562), body fat percentage (r = -0.643) and
swimming performance in the 200 m individual medley event at the 1 % significance level. Multiple linear regression
was used for evaluating the contribution of identified physiological variables and construction of predictive model.
The regression equation was found to be reliable, as demonstrated by the value of r* being 0.54. The two independent
variables explain 54.00 % variations in the 200 m individual medley event among female swimmers.

Conclusions. The F-value for the regression model was determined as highly significant, indicating the reliability

of the model. This study provides a further understanding of the physiological variables associated with skilled
performance in the women’s 200 m individual medley event, which coaches should consider when training less
skilled female swimmers.
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Introduction accompanying request: butterfly, backstroke, breaststroke,
and freestyle. One of the vital physiological boundaries in
sports is high-impact limit, frequently estimated through
boundaries like VO,max (maximal oxygen utilization) and
VO,max reflects the most extreme measure of oxygen a
competitor can use during extraordinary activity and is an
essential determinant of perseverance and cardiovascular
wellness. A higher VO,max shows a more noteworthy
vigorous limit and the capacity to support focused energy
endeavours for longer terms. VO,max is utilized to assess

Swimming is a famous game and early beginning
specialization in spite of the fact that exhibition and progress
in world class swimmers rely upon different elements.
Competitive swimming is formed by 50 to 1,500 m distances
utilizing four individual and combined (medley) swimming
methods (Pyne & Sharp, 2014). Medley swimming is a
difficult and flexible discipline inside serious swimming
that includes a mix of four different swimming styles in

a single race. In the medley, swimmers should perform
equivalent distances of every one of the four strokes in the
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physiological capacity and is connected with oxygen take-
up, transport and use by the body, deciding as far as possible
for oxidative energy creation (Poole & Jones, 2017). At the
point when it is unimaginable to expect to notice a VO,
level, oxygen consuming capacity can be assessed by the
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most elevated enrolled esteem VO, peak (Ribeiro et al.,
2015). Body composition implies the sort and proportion of
tissues which make up the body. It contains the degrees of
muscle versus fat and fit body weight. Complete body weight
is considered as a construction of “fat” weight and “lean”
weight. Muscle to fat ratio is organized as either central or
amassing fat (McArdle, Kalch & Katch, 1991). The use of
skinfold thickness in the assessment of no less than one body
districts is a strong strategy for perceiving the percent of
muscle versus fat from lean body mass (Hoeger & Hoeger,
1992). Body composition is a term that depicts the overall
extents of all fundamental parts of the body, including fat,
bone, muscle, and water accumulation (Ratamess, 2012).
Assessing the relationship of body composition to swim
execution on the example of 280 serious female swimmers
it was found that Body Level, Weight, Lean Weight (LBM),
and Residual Lung Volume were in connection, which is
genuinely huge yet backwards to the time recorded for
the 100-yard swim (Stager & Cordain, 1984). During
competitive swim season, huge increment of Lean Weight
and reduction of fat mass has happened basically during the
piece of the time while preparing was extreme (Meleski &
Malina, 1985). Lean body mass, which essentially reflects
bulk, starts to increment during early adolescence in the two
genders. Fat mass, nonetheless, increments during the late
phases of adolescence in young ladies. A further expansion
in fat mass after pubescence might hinder swim execution in
ladies. Moreover, development is prior in ladies than in men
(Wheeler, 1991).

Physiological boundaries are fundamental to sports
execution as they give fundamental data to competitors
and mentors. Evaluations of physiological boundaries of
swimmers assist with fitting preparation programs, further
develop execution, and limit the risk of injuries. Competitors
with an extensive comprehension of their physiological
profiles are better prepared to succeed in their particular
games and arrive at their maximum capacity. As far as
anyone is concerned, no examinations have researched the
impact of various physiologic and specialized boundaries
together to decide 200 m medley swimming performance in
young female swimmers. Likewise, the reason for this study
was to explore the physiological boundaries as indicators
to swimming execution in individual 200 m medley event.
Thus, we expect to assess the distributed proof and research
the connection between physiological boundaries and
execution of female swimmers in 200 m individual medleys.
The following research questions were examined: (I) what
were the various relationships of the identified parameters
with the swimming performance in 200 m Individual Medley
Event of female swimmers? (II) is there the contributions of
identified parameters towards the 200 m Individual Medley
Event of female swimmers?

Materials and Methods

Study Participants

Forty young adult female swimmers (19.0 + 1.0 years)
took part in the study. All swimmers had a preparation
foundation of five to six years and throughout the past one
year they had been rehearsing for six to seven hour/week.
Swimmers were enlisted from the province of West Bengal,

nearby swimming clubs on a voluntary basis. Swimmers who
did not prepared for over about a month and introduced
wounds or infection that could think twice about tests were
barred. Furthermore, a composed informed assent was
gotten from the subjects before participation.

Study Organization

Physiological Parameters Measurement and
200 m Individual Medley Swimming Test

Cardio-respiratory Fitness (VO,max) was estimated by
the accompanying method VO,max = 15.3 x (HRmax/HRrest).
MHR in this formula is calculated through 208 - (0.7xAge)
and Body Composition (Body Fat %, Lean Body Mass) was
estimated by Omron Karada Scan Body Composition
Monitor (Model HBF-375), furnished with exclusive
programming. The 200 m Individual Medley swimming
performance was performed in a swimming pool, with the
start of the trial taking place in the water. 200 m Individual
Medley swimming performance was taken following
appropriate measures as per official regulation of World
Aquatics formerly known as FINA in Standard Swimming
Pool and the timing was taken.

Statistical Analysis

The normality of distribution was surveyed on all
information utilizing the Shapiro-Wilk test. Means, standard
deviations, minimum and maximum values were calculated
for all parameters. Pearson’s Product Moment Correlation
was applied to assess how effectively the distinguished
boundary is related with the swimming performance in 200
m Individual Medley Event of female swimmers. Stepwise
linear regression analyses were utilized for assessing the
commitment of distinguished factors and development of
prescient model. A value of a = 0.05 was used for all tests
as the criterion to determine the presence or absence of
significance. SPSS for Windows, version 20.0; (SPSS Inc.;
Chicago, IL) was utilized for all examinations.

Results

Before discussing the research issues the nature of the
variable were analysed through Descriptive Statistics which
have been presented in Table 1. Pearson’s Product Moment
Correlation which has been presented in Table 2. Multiple
Linear Regression analysis which have been presented in
Table 3.

The mean and standard deviation scores of VO,max
of the subjects was 36.20 + 5.45, standard error of mean,
variance of VO,max was 0.86, 29.70, for Body Fat Percentage
mean and standard deviation of subjects was 15.56 + 4.14,
standard error of mean, variance of Body Fat % was 0.65,
17.11, and for Lean Body Mass mean and standard deviation
of subjects was 50.18 + 5.35, standard error of mean, variance
of Lean Body Mass was 0.85, 28.63.

For testing the normality of the data skewness and
kurtosis has been carried out. The data was found normal
in the variables of Physiological parameters of female
swimmers, it can be purely considered as a normal because
the data sets skewness was within the permissible limit as
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Table 1. Descriptive statistics on selected physiological parameters of the examined swimmers

Minimum Maximum Mean Std. Deviation Variance
Variables
Statistic Statistic Statistic Std. Error Statistic Statistic
VO,max 26.00 52.00 36.20 0.86 5.45 29.70
Body Fat Percentage 7.20 22.40 15.56 0.65 4.14 17.11
Lean Body Mass 40.18 60.60 50.18 0.85 5.35 28.63
Valid N (listwise) 40
Table 2. Normality distribution of data swimming performance in 200 m Individual Medley Event
of female swimmers. Thus, r values of Lean Body Mass were
Skewness Kurtosis found less than critical values of r at 5% and 1 %, respectively.
Statistic Std. Error Statistic Std. Error Table 4 reveals that 200 m Individual Medley swimming
073 037 1.69 073 performance on the basis of identified Physiological
parameters. Two regression models have been presented in
-0.40 0.37 -0.71 0.73 . . . . .
Table 3. After analyzing with stepwise multiple regressions
-0.19 0.37 -0.47 0.73

the values of skewness for the data sets were less than twice
the value of standard error of skewness, and hence all the
variables were symmetrically distributed. Similarly, Kurtosis
was also within the permissible limit as the values of kurtosis
for the data sets were less than twice the value of standard
error of Kurtosis. Except the variable VO,max the value of
kurtosis for the data sets were more than twice the values
of standard error of Kurtosis. This demonstrates that less
variety exists around their mean value.

Table 3. Pearson’s correlation coeflicient between
physiological parameters and performance in 200 m
individual medley event

Correlation Coeflicient

Identified Variables etk (A
VO,max -0.562**
Body Fat % -0.643**
Lean Body Mass -0.080

** p <0.01(2-tailed). * p < 0.05 (2-tailed). **Significant value of
the correlation coefficient at 0.01 level with 38 df = 0.403.
*Significant value of the correlation coeflicient at 0.05 level with
38 df =0.312

In female swimmers, significant correlations were found
between the VO,max (r = -0.562), Body Fat % (r = -0.643)
and the swimming performance in 200 m Individual Medley
Event at 1 % level; found greater than critical value of r.
A negative correlation was found in female between the
identified parameters and swimming performance in 200 m
Individual Medley Event. Whereas no significant correlations
were revealed between Lean Body Mass (r = -0.080) and the

method, the value of R* in the first model is 0.41. But in the
second model, the value of R? is 0.54, which was highest and,
therefore, second model was used to build up the regression
equation. The second model two independent variables, viz.
Body Fat Percentage, Lean Body Mass have been identified
and therefore, the regression equation was developed based
on these two variables only. Since, these two independent
variables explain 54.00 % variations in 200 m Individual
Medley event of female swimmers.

Table 5. ANOVA table showing F-values for all the two
models

Model Ssc‘l‘l'l‘;r‘;fs df Sh;[s:re F  Sig

Regression 928137 1 928137 2676  0.000°
1 Residual  13180.53 38  346.86

Total 2246190 39

Regression 1212955 2 606478 2172  0.000°
2 Residual 1033235 37  279.25

Total 2246190 39

a. Dependent Variable: 200 m Individual Medley (Seconds)
b. Predictors: (Constant), Body Fat Percentage
c. Predictors: (Constant), Body Fat Percentage, Lean Body Mass

n = 40; *Significant at 0.05 level

Table 5 reveals that F-values for all the models have
been shown. The F-value for the second model was highly
significant; it concluded that the model selected was highly
efficient also. Also, the other model has significant but the
value of R? for this model was less than second model.

Table 4. Model summary along with the values of R and R? for female swimmers

, Adjusted Std. Error Change Statistics
Model R R -
R Square of the Est. R? Chg. F Chg. df1 df2 Sig. F Chg.
1 0.643* 0.41 0.40 18.62 0.41 26.76** 1 38 0.00
2 0.735° 0.54 0.52 16.71 0.13 10.20** 1 37 0.00

a. Predictors: (Constant), Body Fat Percentage
b. Predictors: (Constant), Body Fat Percentage, Lean Body Mass

Dependent Variable: Swimming performance in 200 m Individual Medley Event. n = 40; ** p < 0.01 and * p < 0.05
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Table 6. Regression coeflicients of physiological parameters to the swimming performance on 200 m individual medley

event of female swimmers

Unst. Coeff. St. Coeft. Correlations
Model t Sig.
B SE Beta Iy Partial Part
. (Constant) 261.46 11.60 22.55 0.00
Body Fat Percentage -3.73 0.72 -0.64 -5.17 0.00 -0.64 -0.64 -0.64
(Constant) 361.86 33.11 10.93 0.00
2 Body Fat Percentage -4.60 0.70 -0.79 -6.55 0.00 -0.64 -0.73 -0.73
Lean Body Mass -1.73 0.54 -0.39 -3.19 0.00 -0.08 -0.47 -0.36

a. Dependent Variable: 200 m Individual Medley (Seconds)

**  p<0.01and* p <0.05. (Abbreviations: Unst. Coeff. - Unstandardized Coeflicients, St. Coeft. - Standardized Coeflicients,

SE - standard error, r,, - Zero-order)

Table 6 reveals that the unstandardized and standardized
regression coefficient in all the two models. In the second
model t-values for the entire regression coefficient were
significant as there significant values (p-values) were less
than 0.01. Thus, it concluded that the variables; Body Fat
Percentage, Lean Body Mass significantly explains the
variations in the 200 m Individual Medley swimming
performance of female swimmers. In order to know which
is the most contributing predictor in the model out of those
two variables we should look for Beta Coefficient in Table
6. Larger the absolute value of Beta coeflicient more is the
contribution of that variable in the model. Thus, Body Fat
Percentage is the most contributory predictor in the model.

Regression Equation

The unstandardized regression coeflicients (B) of the
second model shown in Table 5, the regression equation was
developed which was:

Performance in 200 m Individual Medley Event (Female)
=361.86 — 4.60 x (Body Fat %) - 1.73 x (Lean Body Mass)

Discussion

Present study was directed with the reason to research
the connection between physiological parameters and per-
formance of female swimmers in 200 m individual medleys.
For simplicity of conversation and lucidity in understanding
the discoveries has been talked about. Results uncovered
that some of the physiological parameters, significant cor-
relations were found between the VO,max (r = -0.562), Body
Fat % (r = -0.643) and the swimming performance in 200
m Individual Medley Event at 1% level; found greater than
critical value of r. One more review showed relationship be-
tween ladies’ swimming presentation and level, percent body
endlessly fat free weight in competitive collegiate swimmers
(Siders, Lukaski, & Bolonchuk, 1993). Youth swimming per-
formance might be impacted by anthropometric, physiology
and specialized factors. Execution of youthful swimmers
in the 100 meters front crawl is resolved overwhelmingly
by physiological factors and swimming procedure (Vitor
& Bohme, 2010). The hypothesis as stated earlier that there
may be significant relationship of identified variables to the
performance in 200 m individual medleys and the identified
variables may significant contributors of 200 m individual
medleys. Whereas no significant correlations were revealed

between Lean Body Mass (r = -0.080) and the swimming
performance in 200 m Individual Medley Event of female
swimmers. The detriment of having higher fat mass pro-
poses that swimmers require more prominent lean body
mass and more prominent muscle solidarity to push them
quicker through the water. In equal, higher fat mass might
force expanded upsides of body cross-sectional region and,
thusly, complete drag. A bigger lean weight and, in this man-
ner, a more prominent bulk, could emphatically impact bio-
mechanical values by upgrading the power applied in every
upper appendages cycle (Pelayo, Sidney, Kherif, Chollet, &
Tourny, 1996). Expanding muscle size and improvement of
muscle contractile quality, and diminishing fat mass, at a
degree of ideal equilibrium, may affect swimming execution,
and is probably going to be significant for boosting seri-
ous swimming execution. Also, occasional swim execution
changes will generally follow changes in bulk, so customary
control of body piece during the season might be useful
and helpful to progress preparing and execution (Roelofs,
Emith-Ryan, Trexler, & Hirsch, 2017). Table 3 reveals that
200 m Individual Medley swimming performance on the
basis of identified Physiological parameters. After analyzing
with stepwise multiple regressions method the value of R? in
the first model is 0.41. But in the second model, the value of
R? is 0.54, which was highest and, therefore, second model
was used to build up the regression equation. The second
model two independent variables, viz. Body Fat Percent-
age, Lean Body Mass have been identified. Since, these two
independent variables explain 54.00 % variations in 200 m
Individual Medley event of female swimmers which are rela-
tively excellent. Jiirimée et al. (2007) uncovered that in-water
VO,peak (R? = .358), and arm span (R? = .454) were the
best indicators of swimming execution. The retrogressive ex-
trapolation technique could be utilized to survey VO,peak in
youthful swimmers. Arm span, and VO,peak give off anim-
pression of being the significant determinants of front-crawl
swimming performance in youthful swimmers. In our study,
the F-value for the second model was highly significant; it
concluded that the model selected was highly efficient also.
In the second model t-values for the entire regression coef-
ficient were significant as there significant values (p-values)
were less than 0.01. Thus, it concluded that the variables;
Body Fat Percentage, Lean Body Mass significantly explains
the variations in the 200 m Individual Medley swimming
performance of female swimmers. In order to know which
is the most contributing predictor in the model out of those
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two variables we should look for Beta Coeficient in Table 5.
All the more by and large many swimming trainers regularly
advocate around 15% body fat as an upper-end cut-off for
elite female swimmers. The body fat percentage of a func-
tioning competitor is many times below the normal indi-
vidual. Anyway, in our review we can obviously saw that the
mean worth of Body Fat Percentage was 15.56 %, which is
good enough. From the investigation of Santos et al. (2014),
showed that the worldwide sprint swimmers both men and
women are taller, with less body fat, with lower body mass
index, yet with a more significant level of contractile, i.e.,
muscle mass, than national level swimmers. Body fat influ-
ences swimming pace in various ways. Since fat is less thick
than other body constituents, expanding body fat will in
general make you lighter, which can lift you higher in the
water, diminish drag and maybe make swimmer quicker. In
competitors, weight can be a mark of the dynamic bulk. In
any case, an expansion in weight can likewise be a mark of
high upsides of muscle mass. However, an increase in body
mass can also be an indicator of high values of body fat mass.
Muscle mass can represent body strength of the swimmer;
on the off chance that these qualities are low, a decline in
swimming execution might be normal. It ought to be viewed
as that weight doesn’t recognize and address lean weight or
muscle versus fat mass extents thus, for a more definite as-
sessment; these factors ought to be estimated freely.

Conclusions

Considering the purpose along with objectives of the
study, based on the analysis and within the limitations
of present investigation, conclusions derived were: The
selected average values of different identified variables
had contribution at the time of 200 m individual medley.
Result of the minimum and maximum scores was provided
a boundary of identified variable scores at the time of
swimming. The physiological parameter namely VO,max,
and Body Fat Percentage was found significantly related
with the swimming performance in 200 m Individual
Medley Event at 1% level. Body Fat Percentage and Lean
Body Mass were valid in estimating the performance in 200
m individual medley swimming. The model developed in
the present study helps the professionals for predicting the
swimming performance of the female in 200 m medley. In
this dimension there is lack of critical literature and thus
demands focus for future researches. Such research is
essential to develop separate coaching protocols for 200 m
individual medley and should be pursued in many aspects
of sports physiology. We hope this study has distinguished
the need to make more extensive the strategy utilized while
attempting to improve any brandishing execution.
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OuiHloBaHHA B3aEMO3B'A3KY MiXK PisionoriuHnmn napamerpamm
Ta pe3yNbTaTUBHICTIO NJIaBYNHb B iHANBIAYaNnbHOMY
KOMIMJIEKCHOMY MJ1aBaHHi Ha AncTaHLuii 200 m

Pampxapui laiien'45°, Canppbsa TiBapi'**P, Canpen TiBapi'ABCcP
!Neniitcbknit yHiBepCUTET

ABTOpCHKNMIT BKIAM: A — FU3aiH KOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pegepar. Crartst: 6 c., 6 Tab., # puc., 15 mxeper.

Merta gocnimkenHs. OCHOBHA MeTa I[bOTO KOCTII)KEHHs MO/ATaja B OL[iHIOBaHHI 00paHuX (i3ionorivHmx napameTpis i pe-
3y/IBTaTMBHOCTI I/IAaBYMHD, 5IKi 6epyTh Y4acTb B iH[UBiJya/IbHOMY KOMIIJIEKCHOMY IUIaBaHHI Ha gucTaHuii 200 M, aHamisyoun
BIUIUB 00paHyx (i3ionoriyHux 3MiHHNUX i HOOYOBY IPOTHOCTUYHOI MOZIEJI.

Marepianu Ta MeToau. [[1s1 IpoBefeHHA JOCTiPKeHHA 6y)10 BiffiOpaHO COPOK IIABYMHB 3i mrary 3axigHa benramia (Iamis).
Janwit Binbip OyB cIierjiabHO OpieHTOBaHMIT Ha OCi0, AKi aKTMBHO Opai y4acTb y 3MaraHHAX 3 iHAMBIIyaTbHOTO KOMIITIEKCHO-
ro IUVIAaBaHHA Ha AmcTaHuii 200 M, 10 € CKIAJHOI0 AMCLMIUIIHOI, KA BUMArae BijJj cOpTCcMeHiB 3HauHUX 3ycuab. Kpim Toro,
cy6’eKTiB HOCII/PKeHHs OYI0 peTe/IbHO BiffibpaHO 3 BikoBOI KaTeropii Bix 17 go 25 pokis. Ilic/s mpoBefeHHs KiIbKiCHOI OL[iHKM
¢isionorivHNx napameTpis, IIaBYMHI BUKOHA/IM TeCT Ha AucTaHIii 200 M iHAMBiTyaTbHIM KOMIUIEKCHUM IIaBaHHAM. 3HaYeHHA
a = 0,05 Oy710 3aCTOCOBAHO 1Al BCIX TeCTiB AK KpUTepill BUSHAYEHH: HasABHOCTI abo BifcyTHOCTI 3HauymocTi. KoedimieHT kope-
nanii ITipcoHa (r) 3acTocoByBaBcs I OL[iHKM Pi3HUX B3a€MO3B A3KiB 00paHIX 3MiHHIX CTOCOBHO ITOKA3HVKIB Pe3y/IbTaTVBHOCTI
B iHMBiZya/IbHOMY KOMIIEKCHOMY IIaBaHHI Ha AucTaHmii 200 m.

Pesynpraru. BcTaHOB/IEHO 3HAYyIMII B3AEMO3B sI30K MK ITOKa3HMKaMV MaKCUMA/IbHOTO CIOXMBaHH: KucHO (VO,max )
(r =-0,562), BifcoTKOBOTrO BMICTY >KMpY B opraHisumi (r = -0,643) Ta pe3y/nIbTaTUBHICTIO B iHAMBifyaIbHOMY 3aIlINBi Ha AMCTAHIIi
200 M KOMIUIEKCHMM ITaBaHHAM Ha piBHI 3Hauywiocti 1 %. 3 MeTol0 OLiHKM BIUIMBY ifeHTHdiKoBaHNUX (isionorivHmx sMiHHUX
Ta HOOYIOBY IPOTHOCTUYHOI MOfIe/Ii 3aCTOCOBAHO METOJ, MHOXKIHHOI NTiHiHOI perpecii. PerpeciiiHe piBHAHHSA BUABIEHO JOCTO-
BipHIM, IIPO IO CBiYNTD 3HAYEHHS I, sIKe CTAaHOBUTH 0,54. [IBi HesamexxHi 3MiHHI TOACHIOTb 54,00 % Bapianiil y 3MaraHH:AX 3
IHAVBIZYaTbHOIO KOMIUIEKCHOTO IIZIaBaHHA Ha AucTaniii 200 M cepef )KiHOK.

BucnoBku. BcTanoBeHO BMCOKY 3HaYywIicTh F-Kpurtepiro mis perpeciiinoi Mogenti, 1o BKa3ye Ha ii gocToBipHicTh. Ilpen-
CTaBJIeHe JOCTiKeHHs 3a0e3eyye Mmopanplie po3yMiHHA (i3ionorivHNX 3SMiHHMX, ITOB’SI3aHMX 3 KBaTi(PiKOBAaHUM BUCTYIIOM Y
3MaraHHAX 3 iHAMBiya/bHOrO KOMIUIEKCHOTO IVIaBaHHA Ha gucTannii 200 M cepep XKiHOK, 110 TPEHEP) MAIOTh BpaXOBYBaT! y
nporeci MiAroToBKM MeHII KBaTi(hiKoBaHMX IIABYNHb.

KirouoBi coBa: iHuBigyanbHe KOMIUIEKCHe I/IaBaHHA, IVIABYMHA, MaKCUMaJIbHe CriokmBaHHA KucHio (VO,max ), komIo-
3MIIid Ti/a, perpecis.
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