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Race walking is an athletic discipline of aerobic character, which diverse from moderate to high intensity
forms and is characterised by high energy consumption. The result in race walking depends on the morpho-
logical, motor and functional potentials (aerobic and anaerobic capacity, function of the cardio-vascular
and the respiratory system) of the walker, as well as the technique used by the competitors. The sample in-
cluded 25 male students, on the third year of studies at Faculty of Physical Education and Sport, East Sara-
jevo. Variables were measured to evaluate morphological and motor-functional parameters (Body height:
Body weight; Body Mass Index; Running 100 m, 200 m, 400 m, 800 m). The result in race walking at 2000 m
was defined as a criterion variable. The aim of the study was to determine the influence of morphologi-
cal and motor-functional parameters on the resultant performance in race walking. Multiple regression analy-

sis was applied to process the data, which showed a statistically significant influence of the predictor variables

(p < 0.010) on the criterion of (R = 0.785; R* = 0.613).
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Introduction

Race walking, as an athletic discipline, was first
included into the competition program at the 1908
London Olympics after advancing from the original
“walking” betting races that were popular during the
18® century in England [1]. The first competitions
that were held had different distances, especially
walking at 10 000 m, until 1956, when the 20 km
race was added to an already existing 50 km race,
which first appeared in 1932 [2]. The performance
of speed walkers continued to improve relatively
continuously, until major improvements were made
by Mexican walkers in 1968, such as walking in
straight lines and large pelvic rotations. Before that,
walking seemed like normal walking, but at a faster
pace [3].

Today, race walking or as some people call it
“fast” walking is a cyclical, moderate to high inten-
sity movement that takes place in the sagittal plane.
According to TAAF definition, “race walking is a
step-by-step process during which in no moment
during the race a loss of contact of competitors with
the ground occurs visible to the naked eye. The stop-
per leg must be stretched (not bent at the knee) from
the first contact with the ground unfil it reaches the
vertical position”. Unlike running, in which each step
contains a flight phase, an unrestrained phase (flight)

should never occur in walking, i.e. the walker must
maintain contact with the ground (either with one
or both feet) throughout the movement [2; 4]. The
kinetic structure of walking belongs to the space of
cyclic motions, characterized by the fact that each
cycle represents a series of specifically connected
spatial motions that are alternately repeated using
the surface of a solid support [5].

Chwala [6] defines race walking as a periodic
movement that is divided into a support phase (de-
preciation and reflection) and a swing phase (accel-
eration and braking) characterized by synchronized
cranial and caudal extremity movements. Basically,
race walking is based on ordinary walking, but it
also has its own peculiarities: higher speed of move-
ment (14—15 km/h), greater coordination of move-
ment, complete straightening of the foot at the mo-
ment of placement on the ground, more pronounced
movement of the pelvis (especially around the verti-
cal axis) and the shoulder girdle as well as the active
movements of the arms, which are constantly bent
in the back and forth direction [2; 7—9]. At high
walking speeds. there is also a lack of a double-
support phase (transitions to the flight phase). Re-
gardless of the fairly high intensity of movement
(180—230 steps/min.), movements in race walking
should not be abrupt and sharp.
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According to Hoga [10], the method of race walk-
ing that is determined by the TAAF rules is not a
naturally acquired human skill because normal
walking and running are acquired in childhood. It
is common for competitors to learn the technique
of walking as directed by the coach. Therefore, the
number of walkers who have techniques which are
good enough to participate in and complete the race
in international or national competitions, without dis-
qualification, depends on the trainers who can prop-
erly train the walking technique during the course of
the course. However, the technique of race walking
is usually taught by a small number of coaches in
many countries and is based on their own experience
as competitors. In order to increase the number of
race walkers who can walk with proper technique, it
is important to establish a methodology for teaching
race walking technique. A good walker is charac-
terized by the smoothness of movement, especially
in shoulder and pelvic movements. Some previous
studies [11] that analysed race walking competitions
concluded that success in these competitions was as-
sociated with the ability to achieve and maintain high
walking speeds without lactate accumulation in the
blood, i.e. in aerobic mode. However, opinions are
divided on this issue as well [12]. High speed walk-
ing in competition is one of the most important fac-
tors for achieving greater performance in race walk-
ing. Although this factor should be analysed above
all, previous research into the race walking technique
has begun to analyse race walking, explaining the
differences between sport and normal walking and
the difference between race walking and running
[13—16].

When it comes to the structure and ratio of muscle
fibres in walkers, it can be assumed that they are
mainly dominated by red fibres, because in inten-
sity and length (from 80 minutes to up to 3 hours)
walkers are similar to runners at 10,000 m and to
marathon runners. Studies have shown that during
walking all the muscles of a person are activated,
and the cardiovascular system works in an optimal
mode [2].

According to Dvorak et al. [17] race walking is a
specific endurance discipline where a walker com-
pletes 98 % of the course in an aerobic regime. Walk-
er load intensity at 50 km takes about 93—97 % of
the anaerobic threshold and in the 20 km race there
is an increase of 104 % of the anaerobic threshold
[18]. Due to the fact that walkers at 20 km finish the
race in about 1.5 hours and races at 50 km in about
four hours, the intensity achieved on the track is very
high (average HR 175bpm, average HR®= 185 bmp).

This is also reflected in the body of the walker after
the race by negative subjective feelings (feeling of
fatigue). Also it is possible to objectively monitor
changes in the chemical composition in the body of
the competitor and related physiological processes,
such as increased heart rate at rest or changes in body
temperature. It is also necessary to take into account
the subjective feeling of the competitor, where it
seems that the effects of exhaustion should be erased
by a sufficiently long rest, in which all necessary
functions are gradually normalized [19]. The length
and frequency of the steps most often increases with
increasing of the walking speed [2; 20].

According to [3] the development and mainte-
nance of efficient walking is crucial in the unique
movement of race walking. It is important that when
walking, some effort should be made to avoid greater
variations in the sagittal plane and lateral displace-
ments of the centre of gravity of the body in the
horizontal plane. Movement should be steady, per-
pendicular because of the economy of movement and
without excessive energy consumption. Success in
race walking requires a high level of technical abil-
ity and physical endurance, where any inefficiency
in the movement of a race walker increases energy
costs and the risk of an early fatigue. Therefore, it is
best to walk with optimal parameters of the length
and frequency of the steps, taking into account the
individual characteristics of the walker (body height,
body mass, BMI, functional abilities and of course
the movement technique).

The idea behind this study stems from the fact that
race walking is one of the athletic disciplines taught
at all faculties of physical education and sport in Ath-
letics 1 module, where students learn and perfect the
technique of race walking through the practical part
of teaching. The main objective of the study was to
determine the magnitude and significance of the in-
fluence of morphological and motor-functional pa-
rameters on the results in student race walking.

Method

The study included 25 male students on the third
year of studies at Faculty of Physical Education and
Sport, who are physically healthy without any so-
matic changes and injuries to the locomotor appa-
ratus, which could have a negative impact on the
measurement results.

The following variables (predictors) were meas-
ured to evaluate morphological and motor-functional
parameters

1. Body height-BH (cm)

2. Body weight- BW (kg)
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Body Mass Index-BMI (kg/m?)
Running 100 m (sec)
Running 200 m (sec)
Running 400 m (sec)
. Running 800 m (min)

Criterion variable is a result in race walking at the
length of 2000 m (Walking 2 km).

The measurements were conducted in the 2016/17
school year during the practical lectures on the sub-
ject of Athletics 1. The basic central and dispersion
parameters were calculated for all subjects. Multiple
regression analysis was applied (STATISTICA, Ver-
sion 10.0) as a multivariate method.

e

Results

The obtained research results showed significantly
higher heterogeneity in quantitative numerical pa-
rameters of motor-functional abilities of students in
relation to morphological parameters (Table 1). The
results are justified, given that this is a chronologi-
cally uniform sample of students, in relation to their
motor and functional abilities, which are often justi-
fied indicators of their physical condition, i.e. physical
abilities. Out of the variables that evaluated the motor-
functional space, the highest homogeneity of results
was expressed when running 100 m (Coef.Var = 7.72).

The highest average homogeneity was manifested
in the morphological space, and the body height vari-
able is a leading variable (BH = 3.24), while body
mass (BW = 9.52) and total BMI (BMI = 9.08) in-
dicated significant heterogeneity of the results. Het-
erogeneity of the defined sample is also confirmed by
the values of the range of minimum and maximum
results. In terms of average results, it can be con-
cluded that they are consistent with the results of
previous studies conducted on the same population.
This is a sample that is in the phase of change in
terms of motor and functional space, as opposed to

for example body height recording stagnation over
this period with respect to weight and total BML.
Also the results in race walking (Mean = 14.88 min)
are a consequence of previous changes of the defined
parameters.

The heterogeneity of the results is also evident —
Coef.Var. = 8.60 (Table 2). Perhaps this is the ex-
pected result, since the resultant success, in addition
to the specified parameters of the morphological,
motor-functional space, depends on the technique of
movement, especially if longer distances are involved
[21]. At shorter distances, more pronounced influ-
ence of anaerobic-aerobic abilities and frequency of
movement is still manifested, while morphological
indicators are not fully expressed, e.g. body weight.
This is especially visible in beginners, who are not
race walkers [22] but come from various other fields
of sports disciplines, the most common sports games,
martial arts, athletic racing, jumping and throwing
disciplines.

Multiple regression analysis of Race walking indi-
cates to a statistically significant correlation between
the overall system of morphological and motor-func-
tional parameters and the results of student walking
(Table 2). The regression coefficient of multiple cor-
relation (R = 0.785) and the coefficient of determina-
tion (R?* = 0.613 %) indicate that the common vari-
ability between morphological and motor-functional
parameters and sports walking is conditioned by the
applied predictor system with about 61 %, while the
remaining 39 % is conditioned by other factors which
were not covered by this research. This could relate
to other parameters from the field of morphology.
motor-functional space and especially the technique
of student race walking. By analysing the values of
the regression coefficients (b*) in the system of pre-
dictor variables of the regression function, the great-
est contribution of morphological parameters (BH,

Table 1
Basic statistical morphological and motor-functional parameters

Parameters Mean Min Max Rang Coef. Var. %
100 m 12,95 + 1,00 11.48 15,76 4,28 7,72
200 m 28,05 + 3,11 23.30 34,16 10.86 11,08
400 m 65,32+ 6,73 55,10 84,22 29,12 10,31
800 m 2,56 £ 0,29 2,28 3.33 1,05 10,92
BH (cm) 182,20 + 5,89 172,00 193,00 21 3,24
BW (kg) 79,68 £ 7,59 64,00 95.00 31 9,52
BMI (kg/em?) | 24,01 £2.18 20.42 28.36 7.94 9,08
Walking 2 km | 14,88 £ 1,28 13,05 17,33 4,28 8.60
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Table 2
Regression Summary for Dependent Variable: Walking 2km
Std. Err. Partial — Std. Err. —
* oy
b of b* Cor. b of b t(17) p-value
Intercept —106.69 89.83 -1.19 0.25
100 0.28 0.30 0.22 0.35 0.39 0.91 0.44
200 0.20 0.26 0.16 0.05 0.08 0.67 0.51
400 0.53 0.27 0.43 0.10 0.05 1.97 0,05%
800 —0.28 0.23 -0.38 —0.02 0.02 -1.22 0.24
BH (cm) 2.83 2.26 0.29 0.62 0.49 1.25 0.23
BW (kg) —4.04 3.34 —0.28 —0.68 0.56 -1.21 0.24
BMI (kg/m?) 3.66 3.23 0.28 2,27 1.90 1.20 0.25
R =0,785; R*=0,613; F(7.17) = 3,880; *level of significance p < 0.010
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Figure 1

BW, BMI) is evident, where body mass is predomi-
nant by its negative influence (b* = —4.04), unlike
BMI (b* = 3.66) and body height (b* = 2.83) that
have a direct positive impact. It can be concluded
that underweight students achieved lower scores in
sports walking, although this was not statistically
significant at the given level.

Out of the motor-functional parameters defined
in the regression function, a slightly weaker influ-
ence on the resultant performance was achieved.
A 400 m running variable can be singled out, and it
also records the statistical significance of the regres-
sion function (b* = 0.53; p < 0.05). By analysing the

largest individual contribution (¢) in explaining the
criteria of each variable. the order would be the same
as for the regression coefficients and partial corre-
lation values, where the highest individual positive
or negative influence was achieved by the running
variables 400 m (7 = 1.97), i.e. body mass (f =-21).
Based on the analysis of variance (F = 3,880), it can
be concluded that the regression variability is statisti-
cally significantly higher than the residual variabil-
ity at both levels, which indicates to and guarantees
the statistical significance of the regression relation.
Based on the value of b-intercept (—106.29), it is a
stochastic linear model that records a slight nega-
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tive inverse regression function where b intercept
(-106.29) is <0.

Discussion

This study was conducted with the aim of deter-
mining the influence of morphological and motor-
functional parameters on the results of students race
walking, where multiple correlations between sys-
tems with a significant coefficient of determination
over 60 % were confirmed. It is evident that the vari-
ables of the morphological space had a bipolar influ-
ence, that is, body height had a direct and body mass
had an inverse effect. This is in line with the results
of some previous studies [23; 24].

Also, the motor-functional parameters confirmed
different influence on the results of walking, which
is related to aerobic-anaerobic processes in the body,
the mode of energy consumption and the degree of
adoption of the technique of race walking students.
Considering the number of hours spent in training
for race walking, it can be said that the results are
satisfactory, that is, a significant multiple correlation
was recorded between the defined systems. However,
what can be can be more discussed is the impor-
tance of kinematic parameters realizing, as well as
the function of organ systems, performance in race
walking and, of course, the technical performance of
each individual, since considerable heterogeneity of
results is present (Figure 3).

Race walking takes place in aerobic mode, with
medium to high intensity, at distances of 3 to 10 km

and on the Olympic Games at 20 and 50 km. The
basic principle that defines end results in race walk-
ing is the time (speed) in which a certain distance is
travelled, i.e. the relationship between frequency and
stride length, that is, intramuscular coordination and
a flexible kinetic mechanism. which allows walkers
to increase their efficiency with minimal energy ex-
penditure [25].

Although it occurs in the sagittal plane, there
are also some differences between ordinary
and sports walking. According to some authors
[2: 4: 8; 9: 26; 27] the speed of movement of top
competitors exceeds 2—3 times the speed of ordi-
nary walking (average of 4—5 km/h). The length of
the walking step is 75—90 cm and the race walking
step length is 105 to 130 cm, which correlates with
the length of the caudal extremities and the muscle
strength of the walker. In normal walking, the step
frequency is 110—120 steps/min., and in race walk-
ing it is 180—230 steps/min. In normal walking, ver-
tical deviations range from 4 to 6 cm and horizontal
(lateral) range from 2 to 12 cm. However, for walkers
with a well-developed technique, these oscillations
are greatly reduced by the use of a solid surface reac-
tion (Rp) that moves the racer’s body forward on the
basis of inertially reactive forces [2].

According to Kor¢ok & Pupi$ [28], specific kin-
ematics are the result of the rules of athletic walk-
ing where repetition of continuous contact with the
ground and knee extension is based on the claim
of economical kinetic activity. It is known that
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Figure 3. Distribution of students’scores of the variable Race walking

the dynamics of race walking is achieved by prolong-  homogeneity of results. With the extension of the
ing the walking step, the support time and reduc-  section, aerobic-anaerobic abilities and other mecha-
ing of the frequency. We only notice irregularities  nisms that, in conjunction with body mass, can dis-
in kinematic parameters by reaching the walking  rupt the movement technique and lead to fatigue of
speed at the required pace, which is characteristic of  the body are included in the energy supply.
a given discipline. Considering the aforementioned Movement technique is the key to the success of
dynamics of the walking step, a walking technique  top walkers. Although modern race walking is a very
is possible by developing intramuscular and muscu-  prominent form of walking, there are similarities in
lar coordination and utilizing the flexible movement  the way that efficiency is optimized at every step,
of the kinetic composition of the organism [21]. It  to reduce the vertical and lateral oscillations of the
is these specificities that are evident in our study, body’s focus (30). According to Whittle [22], lateral
where students have neglected this important seg-  and vertical oscillations of the walker are the basic
ment, which could result in a better result due to poor  determinants of race walking, and the most important
walking technique. are rotation and tilt of the pelvis. For typical people
The importance of economical walking technique = walking at the usual frequency and step length, the
is especially evident during a competition, when  pelvis rotation is about 4° on each side (8° in to-
the length of step that ranges from 90 to 110 cm is  tal), but that value increases markedly with increas-
achieved, at a frequency of 200 to 220 steps/min., i.e.  ing movement speed [30]. The pelvic tilt has also
16,500 steps on a 20 km track [28]. Practice shows  been found to increase in race walking compared to
that the inheritance effect of the walking pace econo- normal walking and running [16]. to reduce pelvic
my is more important than years of training. Accord- movement through minimal vertical oscillations TT
ing to Brodani, et al. [21] one must work not only  [31] and help to reduce the occurrence of lifting [32].
on the physical fitness of the competitor, but also on In addition to pelvic rotation, pelvic tilt is one of
the technique of walking kinetic manifestation. The  the main mechanisms of compensation in race walk-
rational technique is characterized by minimizing the  ing, and it counteracts the negative effects of knee
decrease in velocity within the contact of the vertical  extension on the movement of the centre of mass
line. This stage influences the level of special fitness ~ [33]. First, the rotation of the pelvis around the verti-
of the thigh flexors and gluten muscles [29], and an  cal axis drives each hip joint forward while the hip
overall higher level of special abilities (24). It can  flexes back with the hip extension [22]. This results
be said that these parameters were also decisive in  in less hip flexion and extension required as part of
the students’ performance. They showed considerable  the stride length when it comes from anterior-poste-
heterogeneity in terms of morphological and motor-  rior pelvic motions rather than angular motion [30].
functional parameters and walking technique, which ~ where movement also increases efficiency by reduc-
is a consequence of the time of the training process.  ing the vertical displacement of the centre of gravity
Homogeneity is evident when running 100 m, and  of the body. Second, the inclination of the pelvis is
with increasing distance (up to 800 m) this decreases.  the way it rotates around the anterior-posterior axis,
Generally, students have better developed anaerobic  in a way in which the hip of the pendulum leg is be-
abilities of alactate type and consequently higher  low the position of the standing leg, where lowering
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of one side of the pelvis leads to a general lowering
of the centre of gravity of the body [22]. Effective
control of the pelvic girdle is especially important
during the increasing of the speed of race walking,
as the rotation of the pelvis increases the length of
steps [13; 34] and the frequency of steps [35] because
it allows additional muscle groups to be used while
moving the legs forward, and not just because of the
greater range of the walking step [36].

By analysing performance in 20 km walking
in the last fifteen years, the number of male ath-
letes faster than (1:21.00) and female faster than
(1:31.00) has increased significantly, resulting in
more high-level walkers. A possible explanation for
this trend is the tendency towards high specifici-
ties of training. Also the versions of the walking
race realization have improved, which is a conse-
quence of a more successful training methodology,
i.e. conducting high-intensity training in the quality
area (without loss of volume). the use of combined
endurance and strength training to improve muscle
components and the need for proper knowledge of
internal control of lactate threshold, both for train-
ing planning and for coping with high speciali-
zation. In terms of walking, there is insufficient
scientific evidence to formulate coaching recom-
mendations for coaches and athletes alike.

This is especially evident when considering the
many methodological factors associated with sports
walking that match the technical and regulatory as-
pects with common physiological determinants of
long-range performance: Maximum oxygen con-
sumption — VO? max, Lactate threshold, Energy
consumption and Maximum oxygen consumption
percentage — VO? max. We are mainly lacking spe-
cific knowledge. and coaches should be a shift from
the mainstream findings of the race walking training
literature, by combining practical experience with
theoretical knowledge, because very often physiolog-
ical stress, energy use or physiological determinants
are important for race walking performance [37].

Conclusion

The research was carried out with the aim of ana-
lysing the influence of morphological and motor-
functional parameters on the results of successful
walking of 2km for the students of Physical Educa-
tion and Sport. A total of 8 predictor variables (Body
height: Body weight, BMI, Running 100 m, 200 m,
400 m, 800 m) and the Race walking 2 km criterion
variable were applied.

Based on the obtained results of the multiple re-
gression analysis, a significant correlation multiple

of the two systems over 78 was confirmed, thus con-
firming the significant impact of the defined predictor
set at about 61 %. An inverse relationship with body
mass (BW) is visible, as well as a direct influence of
body height (BH), Body Mass Index and all running
disciplines. The results are quite heterogeneous in
terms of the criterion variable, as expected. Students
did not have enough time to perfect the technique of
race walking, and their results were largely depend-
ent on their current anaerobic and aerobic-anaerobic
abilities, which were manifested through running
parameters and of course movement techniques, al-
though not thoroughly analysed in this research.
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CnopTtuBHasa xoabb6a: mopdonoruyeckas
M MOTOpHO-PYHKUMOHa/IbHaA NnapaMeTpbl KaK aKTopbl ycnexa

MaBnosuy P.', Muxannosuy U.2

' DaKynbTeT ¢pruan4ecKoro BOCMTaHUA 1 criopTa, yHuBepcuteT BoctoyHoro Capaeso,
Pecny6aura Cepbecraa — bocHusa u lepuyerosuHa. paviovicratko@yahoo.com

2 QakrynbTeT crnopTa v PU3nMYeCcKoro BocnTaHuA, yHusepcutet Hoen Caga,
Cepbus. ilonamihajlovic@gmail.com

CnopTHBHaA X01b0a — 3T0 CHOPTHBHAA JHCIHIITHHA a3pO0HOI0 XapakTepa, OT yMepeHHOH /10 BEICOKOH HHTeHCHBHOCTH
H ¢ BBICOKHM 3HepronorpebneHneM. Pe3ynsTar B cIOPTHRHOH X0ab6e 3aBHCHT OT MOP(OTOTHIECKHX, IBHTATeIbHEIX H
(bYHKITHOHATRHEIX BO3MOXKHOCTeH (aspo6Hoil H aHa poGHOH eMKOCTH, GYHKIIHH cepIedHO-COCYIHCTOH H NbIXaTelbHOH
CHCTEeM) XOIIOKa, a TakkKe OT TeXHHKH NPOBEIeHHA COpeBHOBaHHI. BriGopka BKIIoIana 25 CTyIeHTOB MyKCKOTO I07Ia,
obyuaomuxca Ha TpeTheM Kypce dakyabTeTa (H3HTeCKOTO BOCIHTAHHA H cropTa B Boctounom Capaero. H3MepanH
TIepeMeHHBIe 71 OIeHKH MOpGOTOTHIeCKHX H MOTOPHO-(OYHKIHOHATEHEIX TAPaMeTPoB (POCT, Macca Tela;, HHASKC MacChl
tema; 6er 100 M, 200 M, 400 M, 800 M). B KadecTBe KpHTepPHANBHOH NepeMeHHOH GBI ONpeeleH pe3yasTaT B 6eroBoi
xonp6e Ha 2000 M. Ilens HccnenOBaHHSA — ONpPENeIHTh BIHAHHE MOP(}OIOTHIECKHX H MOTOPHO-(OYHKIIHOHATBHEIX IT0-
Ka3zaTenel Ha pe3yIbTHPYIOIIHE MOKA3aTelH CIIOPTHBHOH X0nb6EL. 14 06paboTKH MOTyIeHHEIX TaHHEIX GBLT IPHMeHEH
MHOJKeCTBEHHEIH perpecCHOHHEIH aHAlIH3, KOTOPEIH [TOKA3al CTATHCTHYECKH 3HAYHMOE BIHIHHE IIPeJHKTOPHEIX Iepe-
MeHHEIX (P < 0,010) Ha xpuTepHit (R = 0.785; R? = 0,613).

K.I101eBRBIe CI0BA: CHOPINUEHAA X00b0d, CINYOEHNbl, 6excamb, MOpHoTozutecKue pazmepsl, MOMOPHO-PVHKYUOHATbHBIE
CHOCOOHOCTN, ETUAHUE.
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Boctognoro Capaero, Boctounoe CapaeBo. Pecny6naka Cep6ekas-BocHua H ['epueroBuHa. paviovicratko@yahoo.com

Hinona MuxafI0BHY — KaHIHIAT HAyK, B 001acTH (H3IHIECKOH KYIBTYPEHL, Mpodeccop OCHOBHBIX HAyTHBIX JTHC-
LHIUTHH B 00IACTH CIOPTa H (H3HYECKOr0 BOCIHTAHHSA, HaKyIBTeT CIOPTA H (PH3IHIECKOr0 BOCIHTAHHS, YHHBEPCHTET
Hoen-Can, Hoeu-Can, Cep6us. ilonamihajlovic@gmail.com

Physical Culture. Sport. Tourism. Motor Recreation. 2020. Vol. 5, no. 1 m





